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ABSTRACT

Economic activities are fundamentally influencedtbgir location in space, which
determines the physical and natural environmemthith they take place. Likewise,
location defines the social context of economidvégt prescribing the particular
laws, regulations and social norms to which it $daxonform. Moreover, spatial
location defines proximity, which shapes the co$taccessing factor inputs, product
markets and other economic and social institutidngact, spatial location mediates
most forms of interaction, intended and unintenddidat may arise from
communication and connections between economictagéhese spatial processes
have important implications for estimation, polieyaluation and prediction in

models of economic activity.

This thesis is comprised of two parts. Part | enés a broad range of issues that
arise in estimation due to space and frames thegereeral spatial omitted variables.
| explore the use of semi-parametric estimatonsi¢otify the parameters of interest
in this general model and derive identification d@itions for fixed and local adaptive
spatial smoothing estimators. The properties es¢hestimators are contrasted to

OLS and spatial econometric estimators.

Part Il addresses issues in policy evaluation aedigtion. | derive an equilibrium
sorting model with endogenous tenure choice thateaused to evaluate the general
equilibrium welfare effects of policies that affégtal environmental quality. Using
a series of simulations, motivated by a real wadicy application, | contrast the
welfare changes derived under this model to a cunweal static approach. By
allowing for rental and purchase markets the madkdvelop provides a far richer
characterisation of the complex adjustments thapggate through the property
market following policy changes and the contrarypatt such policies can have
upon renters and owners. The usefulness of theehiodapplied policy analysis is
demonstrated through two applications: The PoleBafess and Mortgage Interest

Deduction reform.
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PREFACE

Economic activities are fundamentally influencedtbgir location in space, which
determines the physical and natural environmemthith they take place. Likewise,
location defines the social context of economidvégt prescribing the particular
laws, regulations and social norms to which it $éazonform. Moreover, spatial
location defines proximity, which shapes the co$taccessing factor inputs, product
markets and other economic and social institutidndact, spatial location mediates
most forms of interaction, intended and unintenddidat may arise from
communication and connections between economictageRurthermore, space also
influences the way in which economic activities aneasured, for example the
spatial scale that information is collected at #mel process of spatial aggregation
(e.g. to census track, county and country levelgpduce a spatial dimension into
economic data. Likewise, data can be affectedplayialy correlated measurement
error due to localised differences in the toolst @ used to measure economic
activity and their drivers. For example, local baarity procedures may lead to
regional differences in the classification of categpl variables and scientific
equipment may be sensitive to localised fluctuationwind speed, temperature or
machine calibration. This suggests that the arsalgé economic activities is
affected by numerous spatial processes. Thesdalspabcesses have important
implications for both the estimation of economic dals and economic policy

evaluation. This thesis examines these two issegsentially.

Chapter 1 presents an examination of the issualaftifying the parameters of
models with an omitted spatial data generatinggse¢DGP). | identify a number
of theoretical foundations for spatial processab@raracterise these through a set of
spatial data generating processes, which | showezh be represented as an
additive omitted spatial variable in a general dinenodel. | then contrast the
conventional estimation approach provided by spa&t@mnometric models to the
alternative semi-parametric approach of spatial ahing. | derive a set of
conditions under which a spatial smoothing estimago able to identify the
parameters of the model and discuss the efficiefidiie estimator. The properties
of a local polynomial regression based spatial ghing estimator are illustrated

through a series of Monte Carlo simulations, whidmonstrate the ability of the
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estimator to deal with a broad class of spatial-BGFhe chapter provides the first
derivation of a set of clearly defined identificaticonditions that are also presented

in terms of the underlying data in environmentairexmics.

Chapter 2 builds on the work of chapter 1 to presenintuitive extension to the
SSE. In particular, | develop a locally adaptivatsgd smoothing estimator (LASSE)
in which the smoothing parameters are specifiegaah location in space using an
optimality condition. The paper demonstrates whentASSE is more efficient than
a Fixed-SSE estimator and derives a relaxed setonélitions under which the
parameters of the model are identified. While fivenal properties of the LASSE
are not derived analytically, | present the resuwfsa Monte Carlo analysis
demonstrating its properties under a variety otiap®GPs. This work presents the
first consideration of these issues in terms ofapmter identification within the

context of environmental economics.

Part Il explores the issue of policy appraisal anedicting welfare changes in the
presence of spatial processes. This part of tbgiglconcerns itself with economic
theory, particularly the development of economicdels in which the choice of
spatial location is a fundamental component of eomn activity. The particular
focus is residential location decisions and thesponse to exogenous policy shocks.
The modelling framework that | adopt for this puspas that of Equilibrium Sorting
Models (ESMs) (Kuminoff et al., 2010). In brief,etfESM | develop treats the
property market as a series of distinct neighbootlso Each neighbourhood is
differentiated by its level of environmental quglitHouseholds, with varying
characteristics, judge the quality of a neighboothmot only on the basis of its
environmental quality but also on the basis of tharacteristics of the other
households living in that neighbourhood. Using nuoa algorithms, the model is
solved by finding a set of property prices that chathe supply of property in each
neighbourhood with the demand for property in theighbourhood. A solution to
the model, therefore, describes both the set ghheiurhood property prices as well

as a sorting of the heterogeneous households aweagsourhoods.

My research builds on the work of previous authpesticularly (Epple and Platt,

1998) extending those precedents in a number ofdkeg¢tions. In particular, the
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model | present is the first ESM to endogenise nerahoice. Households in my
model can choose to rent or buy their homes aaogri conditions in parallel and
interacting purchase and rental markets. | adaptntlodel to explore two public
policy questions that together constitute the fimad chapters of this thesis.

This thesis was part-funded by the UK Departmemt Toansport (DfT). Many
projects that the DfT undertakes result in localiseanges in environmental quality.
Examples include the construction of a new raik lor the building of a bypass
around a rural town. Currently, those projectsem@uated by aggregating estimates
of the willingness to pay (WTP) of the residentatthre directly and immediately
impacted by the local change in environmental gqualChapter 3 demonstrates how
a static analysis fails to capture the complex n@gsions that emanate through the
entire economy as a result of the local change.r @& medium term, rental and
purchase prices adjust throughout the economy asseholds change their
residential location and tenure decisions as altresuhe new conditions in the
property market. Accordingly, the motivating poliguestion for the first paper in
the second part of my thesis concerns understardingproject evaluation using a

static analysis compares to an analysis allowingfoperty market adjustments.

By allowing for rental and purchase markets my nhoo®vides a far richer
characterisation of those differences. For examplefind that renters in
neighbourhoods that experience environmental imgmr@nts may be disadvantaged
as a result of rental prices rising in those netglboods. In contrast, homeowners
in such neighbourhoods enjoy an improvement inrenmental quality and also
benefit from capital gains that result from incesasn the price of their homes. |
adapt the model to examine how these distributi@ffgcts are impacted when |
allow for the possibility that households in thamounity are also landlords and
hence gain income from the rental payments of oth@useholds. The paper
examines the key dynamics of the model in the ctrdka simple two-community
model. Finally, in Appendix A a more complex sewamamunity model is
developed and calibrated to the town of Polegateast Sussex in 2001, the year in
which a bypass was constructed round the town.Pidiegate calibration is used to
illustrate how the ESM developed in my thesis mightused to provide input in a

real policy context.



Chapter 4 presents the second paper in Part 2s chapter adapts the ESM with
endogenous tenure choice to examine a policy aurestirrently under debate in the
USA: reform of Mortgage Interest Deduction (MID)hd policy of MID allows
taxpayers to subtract interest paid on a residentiartgage from their taxable
income. MID is vigorously supported by the realéstindustry on the grounds that
it reduces the costs of purchasing properties aas, such, encourages
homeownership. As well as homeownership being ssemdesirable outcome in its
own right, it is also argued that a significant gfei of empirical evidence supports
the idea that increasing levels of homeownershaéatess positive spillovers, raising
neighbourhood quality in a variety of ways (e.ggh@r educational achievement,
lower levels of crime etc.). In contrast, othersluding the current administration,
have argued that MID simply inflates the prices pwbperties, greatly favours
wealthy homeowners and cannot be justified givenl#inge federal deficit. In this
paper | explore the MID debate using an ESM withudtaneous rental and purchase
markets and endogenous tenure choice. The modektended by additionally
endogenising neighbourhood quality, such that thsirdbility of any particular
neighbourhood is partly determined by its levelshoimeownership. The public
policy relevance of the model is shown through Bbration exercise for Boston,
Massachusetts, which explores the impacts of varieforms to the MID policy.
The simulations confirm some of the arguments nadmtrit reforming MID but also
demonstrate how the complex patterns of behaviociiahge induced by policy
reform can lead to unanticipated effects. The satnhs suggest that it may be
possible to reform MID whilst maintaining the préiwey rates of homeownership

and reducing the federal budget deficit.



INTRODUCTION

This thesis is motivated by the importance of spadeich is receiving growing
attention from researchers in economics and isrbewp an increasingly prevalent
issue with the progressive availability and usdaode spatially delineated datasets.
Economic activities are fundamentally influencedtbgir location in space, which
determines the physical and natural environmerit sherounds them. Likewise,
location defines the social context of economiadvégt prescribing the particular
laws, regulations and social norms to which it s$éaxonform. Moreover, spatial
location defines proximity, which shapes the co$taccessing factor inputs, product
markets and other economic and social institutidngact, spatial location mediates
most forms of interaction, intended and unintendéldat may arise from

communication and connections between economictaigen

The roots of spatial research stem from earlieeligpments in the regional science
and urban economics literature, which sought tolaxpspatial spillovers, where

outcomes in one location are related to outcomesdhar proximate locations. This
developed into the field of spatial econometritee expansion of which has shed
light on a multitude of complexities that are imtbced into the estimation and
analysis of spatially organised data, hereafteerrefl to as “spatial data”. In

particular, through exploring the theoretical foatidns of spatial models, the
literature has simultaneously highlighted the pbétnspatial data generating

processes that underpin and are embedded in splatal The interesting and
challenging issue is that these spatial data geéngrarocesses are a feature of
spatial data whether they themselves are of prinmaeyest or not.

The field of spatial econometrics was conceived oty years ago. In his recent
review Anselin (2010) examines the evolution of shbject, dividing it into three
phases: growth, take-off and maturity. The growttase is taken to have begun
roughly thirty years ago following the publicatioh Paelinck and Klassen’s (1979)
volume Spatial  econometrics Bartels and Ketellapper's  (1979)
Exploratory and explanatory statistical analysisspftial dataand Bennett's (1979)
Spatial time series



The early work of Paelinck and Klassen (1979) dmztifive principles to guide the
formulation of spatial econometric models. Thease principles illustrate potential
iIssues associated with space, which continue ttydpghe analysis of spatial data
and provide a concise summary of the multifacetegortance of space. The five
principles are: i) the role of spatial interdepemdes, ii) the asymmetry in spatial
relations, iii) explanatory factors located in atlspaces, iv) differentiation between

ex postandex antanteractions and v) explicit modelling of space.

Although this work was originally conceived andeirdreted within the realm of
regional science models, as the literature hasloeeé it has become evident that
spatial processes have far reaching implicationstla@ same challenges are faced by
all analysts dealing with spatial data. In thiedis | draw on the characterisation of
spatial issues from the spatial econometrics liteeaand consider it in the context of
the analysis of general economic models. In tleis,vit becomes clear that space
has wide reaching implications for the analysisnainy economic models. Drawing
upon Paelinck and Klassen’s five principles, spgti@cesses arise in economic
models when i) the economic agents interact witthesther across space, ii) there
are asymmetric spatial effects for example througtgional policies and
jurisdictional boundaries, iii) there are unobsdrver immeasurable spatial
explanatory variables, iv) economic outcomes in @@ may influence outcomes in
another area and moreover the spatial environmagth®a endogenously determined
by behaviour and activities in the area and v)db@nomic activity itself occurs in a

geographically defined space.

Anselin (2010) categorises the contributions oftispaconometrics over the last
thirty years into four key groups, i) specificatiohspatial models, ii) estimation, iii)
specification testing and iv) prediction. Sigo#nt advances have been made in
each of these areas over the last thirty years.ns€pently, awareness and
popularity of spatial econometrics has increasedrayst analysts in regional science
and broader fields of economics. However, it guad that there is a gap between
the theoretical models and applied problems andeowver, that spatial parametric
models have been adopted as a solution with th#eretical guidance, thus making
the results difficult to interpret and justify (Gibns and Overman, 2012). The

Journal of Regional Science, a journal which hantat the forefront of promoting
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spatial econometrics, recently celebrated it &0niversary issue with a focus on
reviewing spatial econometrics (Partridge et @12 including papers by McMillen
(2012), Corrado and Fingleton (2012) and Gibborgs @uerman (2012) reflecting
upon the current condition of the literature anehisider how spatial econometrics
should be used. These papers, along with McM{B€1.0), Pinkse and Slade (2010)
and Brady and Irwin (2011) consider the limitationo§ the current spatial

econometric methods when it comes to practicaliegidns.

Following from this, what is needed now is a greasgnergy between the
requirements of applied analysis and theoreticaleld@ments. This involves
marrying the insights and tools provided by spati@nometrics with knowledge
from other fields, such as non-parametric estinmatemd theoretical considerations.
In this thesis | focus on the issues of estimatad prediction in the presence of
spatial processes within the remit of environmeatainomics. To achieve this, the
thesis is organised in two parts: Part | deals Withissue of parameter identification
through the estimation of spatial models. Pacobihpliments this by addressing the

issue of policy appraisal and prediction in spatiadels.
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PART |



INTRODUCTION TO PART |

Part | of this thesis considers the estimationlehgks that arise in the presence of
unaccounted-for spatial data generating procesB€xP¢). This research was
motivated by the problem of parameter identificatio the presence of omitted
spatially correlated variables. The importancetto$ spatial context is evident
across the spectrum of empirical economic appbaatincluding studies of growth
(Foster and Rosenzweig, 2003), human capital (@oraad Jeanne, 1999),
infrastructure (Baum-Snow, 2007), competition betwé&rms (Berry, 1994, Dauvis,
2006, Epifani and Gancia, 2006) product demandgg08005), location choice
(Hoff and Sen, 2005), economic migration, schoaiocd (Gibbons and Machin,
2006, Harris and Johnston, 2008), crime rates (%881, Anselin et al., 2000,
Puech, 2004) and health (Mclntosh, 2008). In emvirental economics, studies of
land use depend on spatially organised data susbilatypes, climate, water quality
and proximity to market (Leggett and Bockstael, @00Spatial factors such as the
proximity to amenities and dis-amenities as well the characteristics of
neighbouring households are important in the amalysresidential property prices
(Kim and Goldsmith, 2008, Grimes and Liang, 2009)e location of emitters and
receptors of pollutants (Zabel and Kiel, 2000, ayal., 2004, Day et al., 2007,
Bayer et al., 2009), and likewise the location n¥imonmental amenities, such as
parks, beaches, mountains and rivers, and theirs use important factors in
valuation studies and are all inherently spatiaeH@nz and Maddison, 2008,
Hoshino and Kuriyama, 2010, Waltert et al., 2011I)is evident therefore that the
challenges posed by spatial-DGPs have far reachilugnces. In fact, any analysis
that relies upon spatially organised data is valbler to omitted spatial variable
problems and other spatial data problems, whichwafermine the estimation of

economic models.

When | began my research | was inspired by a désitenderstand the potential to
utilise the semi-parametric approaches to addeesas data problems and hoped to
contrast these approaches to the alternative spataometric models developed in
the spatial econometrics literature (Anselin, 198804). | began by examining
three semi-parametric approaches: matching, difterein differences (DID) and

spatial smoothing estimation (SSE).
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The principle of matching is to group observatiagsording to a set of explanatory
variables for which no parametric form is specifig®ubin, 1973, Gibbons and
Machin, 2003, 2006). The first application of natg was provided by Belson
(1956) who employed the method to derive the treatneffect of exposure to a
number of television broadcasts. Since then magchas been applied to a variety
of issues, for example, Rubin (1973) examines aatnia accident severity with and
without seatbelts, Rosenbaum (1986) explores UB $ufpool dropouts, Ichino et al
(2006) examine the impact of temporary work agemtyuture employment in Italy
and Brodaty et al (2000) use kernel matching toluswa youth employment

schemes.

This literature is closely associated with analyskeat adopt a difference in

differences (DID) approach, which considers théed#nce in outcomes between an
otherwise equivalent treatment and control grouyangples of the DID estimation

approach are most frequently presented by treatneéfiect studies in health

economics and policy evaluation, one of the modt-kvewn studies is Card and

Krueger's (1994) evaluation of the effect of Newség’s minimum wage. More

recently, Gibbons and Machin (2003) examine DIDhudblogies in the valuing of

English primary schools, Smith and Todd (2005) a@dopID approach to assess the
National Supported Worker demonstration, Autor &mlsman (2006) use it to

examine the impact on earnings of temporary agefayements and Wagstaff et al
(2005) compares a pure DID approach to a DID withtaming approach in an

assessment of the World Bank’s Health VIII Project.

Finally, this led to my consideration of spatial aothing estimators which have
been applied, for example, by Gibbons and Machi®0382 for valuing English

primary schools, Kneib Muller and Hothorn (2006) &ssessing habitat suitability
for birds in Northern Bavarian forests and DaylgR807) in assessing the impact of
noise pollution. This early research allowed med@monstrate that both the
matching and difference in difference approaches @mstrained versions of a
spatial smoothing estimator. This led to a focghthe thesis upon a comparison

of spatial smoothing estimators (SSEs) with spa@aametric estimators (SPES).
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To compare the performance of these two approdcbesght to explore a range of
spatial-DGPs that present challenges to the amsabfsspatial data. In doing so, |
defined a more general framework which encompaasbsoad range of spatial-
DGPs including spatial econometric models (suchmaght result from spatial

interactions, peer group effects etc.), spatialspesification, spatial measurement

error and omitted spatial variables.

Driven by a desire to enable SSEs to be employdld eanfidence, | directed my
research towards developing a deeper understaditige conditions under which
identification is achievable and present this tlear, concise and accessible manner
for applied researchers. In the context of a gllitiear model (Robinson, 1988) the
first chapter develops a set of sufficiency cowdis for identification of the linear
parameters of the model in the presence of a yasiegpatial-DGPs. This led to the

development of the two chapters presented in Part |

The first chapter demonstrates how a broad claspatial-DGPs can be treated as
an unknown additive element in a linear model.elive a set of conditions under
which a SSE returns unbiased parameter estimatbe ipresence of that broad class
of spatial-DGPs. | interpret these conditionshe tontext of a local polynomial
regression based SSE. The performance of thisn&sti in small samples is

demonstrated through a series of Monte Carlo sitions.

Through this work it became clear that the smoagftiparameters play a crucial role
in determining the bias elements associated widttiapsmoothing and, as a result,
are central to understanding the conditions fontifieation. This motivated me to
explore more recent work on selecting local smogfimarameters (Fan and Gijbels,
1995). In chapter 2, | adapt the methodology @eriby Fan and Gijbels to develop
a Local Adaptive SSE (LASSE). | examine the propsrof a LASSE in
comparison to a Fixed SSE and demonstrate thatethsed estimator has greater
efficiency properties and moreover, it presents iteddhl opportunities for
identification. | derive a set of identificatioomditions for the LASSE with a local
polynomial kernel density estimator. Finally Xpéore the properties of the LASSE

estimator and compare it to a Fixed SSE usingiasef Monte Carlo simulations.
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CHAPTER 1

Addressing spatial dependence in linear models ugrsemi-
parametric estimation



1.0 Introduction

Economic activities are fundamentally influenced their location in space.
Location determines the physical and natural emvrent in which those activities
take place. Location defines the social contex¢adnomic activity prescribing the
particular laws, regulations and social norms tactWht should conform. Location
defines proximity, shaping the costs of accessaufof inputs, product markets and
other economic and social institutions, as well the apparatus of law and
government. In fact, spatial location mediates tnfiosns of interaction, intended
and unintended, that may arise from communicatiod aonnections between

economic agents.

In empirical analyses of economic data, the mugtwf paths through which
location can influence economic activity can bebpematic. In particular, parameter
bias is likely to arise should an analyst's econtimespecification fail to fully

account for the array of spatial processes gemneréte data.

The possibility of unaccounted-for spatial processeeconomic data has long been
recognised. The extensive literature on spatiahecetrics (Anselin, 2010), for
example, focuses on one possible form for suchiadpprocesses. In spatial
econometric specifications, outcomes in one locatiwe assumed to be partly
determined by variables at nearby locations, wheearby’ is identified by some
analyst-defined spatial weights matrix and the iapgtlagged regressors are any
combination of dependent variables (spatial lag @®)d explanatory variables

(spatial cross-regressive models) and error tespetial error models).

Since the 1990s spatial econometric models (SEMm)e hseen widespread
application in the analysis of spatially organissmbnomic data (see Anselin et al
(2004) for a review and Anselin (2010) for a distas of the evolution of the field).
While the field has continued to evolve (Brady dmwin, 2011) , recent literature
has struck a rather more critical tone (McMillel§12, Pinkse and Slade, 2010,
Gibbons and Overman, 2012, Partridge et al., 2042)he heart of that criticism is
the concern that spatial lag processes are a rathesific form of spatial data
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generating process. The routine application of SEM$eal with spatial dependence
in economic data may not be appropriate, partigulahen there is no strong
theoretical justification for suspecting a spalk#a process to be at work in the data.
Moreover, even if the assumption of a spatial leacess is correct, the reliance on
an analyst-defined spatial weights matrix and apatric functional form for the

spatial lag process opens up a significant pogyiloif misspecification.

The first contribution of this paper is to demoastr that the spatial processes
envisaged by a large variety of SEMs can be rexmsin unknown additive element
in a linear model. In addition, the paper demaitst that numerous other spatial
processes that might otherwise confound paramdeantification in linear models
also share this same basic form. More importaritly, paper demonstrates that this
broad class of spatial data-generating processaménable to estimation using a
semi-parametric estimator that | term a Spatial &mag Estimator (SSE).
Accordingly, the paper contends that, in many enstances, there are good reasons
to prefer application of the SSE over the applaabf SEMs.

The SSE is an application of Robinson’s (1988)igklinear model, which uses the
data itself to determine the nature of any unactuifor spatial processes. The SSE
has seen previous application in the economicalitee, for example, in the
valuation of English primary schools (Gibbons anddkin, 2003, 2006) and noise
avoidance (Day, 2005, Day et al., 2007). Buildimgtioe work of Paciorek (2010), a
second contribution of this paper is to provideg/stamatic investigation of the SSE,
formally identifying the set of conditions under ialn the estimator is able to
identify parameters of interest in the presenceraccounted-for spatial processes
of different forms. The performance of the estimasallustrated through a series of

Monte Carlo experiments.

2.0  Unaccounted-for Spatial Processes

Consider a standard estimation problem in whiclamalyst has spatially organised
data relating measures of a dependent variablateemy the vector, and a set of

independent variables given by tNex k data matrixX, where the variables X

18



are a function of spatial locatio$i, and possibly other non-spatial factays,The
focus in this paper is on the standard linear medeth, given the available data,

the analyst may specify as,

Y =X(S,p)B +¢€ (1.1)

Wheree is an error term. The objective of the analysisassumed to be the

identification of the parametefs

Without loss of generalitX can be represented by its orthogonal decomposition
Hence X can be expressed as additively separable funcbbrscation and non-

spatial elementsy, which is orthogonal to spacg, such that,

(1.2)
XS = alS)+n
Wherea(S) is a vector function mappirginto thek dimensions ofX. By
definition,
1.3
E[n's] =0 (1.3)
Without loss of generality it is also assumed that,
(1.4)

E[n]= 0
Such that the means &fare treated as constants in the spatial functm($s.
2.1  Spatial Econometric Models (SEMS)
While (1.1) is amenable to estimation using OL®, dhalyst may be concerned that
the application of that estimator may be confounttgdthe presence of some

unaccounted-for spatial data-generating processh &uliagnosis may be prompted

by the application of one of a raft of post-estiimatspecification tests suggested by
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the spatial econometrics literature (Anselin, 198®)llowing the recommendations

of that literature, the analyst may proceed bynfitsome particular form of SEM.

While there are very many different SEMs, hereduf®on two of the most popular
specifications: the spatial lag and spatial erradats (see, for example, Pace and
Giley, (1997), Kelejian and Prucha, (1998)Jhese SEMs have the general form,

Y = XS, B +AWY + (M) + ¢ (1.5)

In a model withNV observationslW andM areN x N spatial weights matrices anid

is a scalar known as a spatial multiplier. In atigpaveights matrix thej** element,
being the element in thé" row and the/®" column, describes the relationship
between observatiorisandj. For example, in a binary spatial weight matrig "
element would equal one when observatioasdj are in the same neighbourhood.
Alternatively, the spatial weights matrix may retothe distance between
observations. The spatial weights maWUixconstitutes the spatial autoregressive lag
(SAR) component of the model apdM) is a spatial error dependence component

defined by the spatial weights matfik?
2.2  Spatial Misspecification

Frequently, the spatial elements of (1.1) requialysts to specify some particular
form for the spatial process generating the dataoBvious example concerns the
choice of spatial weights matricd#, andM, in (1.5). Should the elements of the
weights matrix be binary or should they somehoweaase with greater proximity?
Should that proximity be measured by straight ingance, travel time or perhaps
travel cost? Faced with such a diversity of possiés, misspecification raises a

serious concern.

! Here | focus on spatial lag and spatial error madeDne may also wish to consider a
model with a lagged subset of independent variatiéX ;, whereX, € X.

2 The models can be estimated using Maximum Likekh@r Generalized Method of
Moments (Kelejian and Prucha, 1998; Fingleton, 2008
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Consider, for example, a true underlying spatiaiadgenerating process (DGP)
which is characterised by equation (1.5). Shotlel $patial weights matrices be

incorrectly specified a® andM, then that equation can be rewritten as,
Y = XB + AWY + (M) + A(W —W)Y + (p(M) — p(M)) + € (1.6)
The two latter elemen{@ — W) and(¢(M) — ¢(M)) are not observed.

2.3  Spatial Measurement Error

Another potential issue is that spatial elementthefmodel may be measured with
error. Of particular concern here is when that mesament error is itself a function
of space, for example, when estimates of a regresgomeasured more accurately

in densely populated regions than in sparsely @apdlones.

Consider the case where the true variable of isteX&S,n), is measured with
spatially correlated error &(S,17). The spatial data generating process can then be

rewritten as,

Y =X(S,mB+ (X(Sm) - X(S,m)B+e (1.7)
Where in this cas€X(S,n) — X(S,1)) is unobserved.
2.4  Omitted Spatial Variables
Given the myriad spatial processes that influersmmemic activity, a final concern
with specifying a model for spatially organised adas the omission of relevant
spatial variables. That omission may occur eithecalise those variables are: i)

overlooked, ii) assumed to be irrelevant or iiijpmactical or impossible to measure.

In this case the true spatial data generating poise
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Y= X(S,)B + Z(S,v) + ¢ (1.8)

WhereZ(S,v) represents the confounding spatial variable orabées that have
been omitted from the econometric specificatiothefmodel. Notice that as well as
being dependent on location the valueX@ndZ may also be functions of non-

spatial elements.

2.5 A General Form for Spatial Processes

It is straightforward to show that the SEM speeifions in (1.5), the spatial
misspecification illustrated in (1.6) and the splatheasurement error shown in (1.7)

are all simply particular cases of the omitted igpatariable model in equation (1.8).

Table 1 frames each of the four spatial-DGPs irctivdext of equation (1.8).

DGP XS, B Z(S,v)
Spatial Parametric
Models: Z =32, VWIXS,mMB +I2,VWe
SAR Xp
Z =32, VWIX(S, B + (Z20Z2, VW p'M!

SARAR +Z2,0'MYe
Spatial Misspecification| XB + WY Z=2W-W)Y + (p(M) — p(M))
Spatial Measurement . .

XB z=(x(s,m-X(sm)B
Error

Xp Z=b(S)+v

Omitted Spatial Variable

Table 1.1: Spatial Data Generating Processes

In the same manner as fdf, Z can be represented its orthogonal decomposition
without loss of generality. Hencé&, can be expressed as additively separable
functions of location and non-spatial elememighat are orthogonal to spacg,

such that,
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(1.9)
Z(S,v) = b(S) +v

By definition,

Bis] — 0 (1.10)

Such that it must also be the case that,

Em'b(S)] = E[n] = 0 (1.11)
E[v'a(S)] = E[v] = 0
Without loss of generality it is also assumed that,
1.12
E[v] =0 ( )

Such that the mean dfis treated as a constant in the spatial compobhési}.

For simplicity and to ensure that the model is idetle, | make the following
assumption,

Assumption 1: The non-spatial variables ¥iare orthogonal to the non-
spatial variables i#,’

(1.13)
E[n'vl = 0
This prevents omitted variable bias of a non-spaature.

3.0 Estimation with Omitted Spatial Variables

®Note that this assumption does not imply that eamttor withing is independent across
observed variables, simply that they are not cateel withv.
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Let us now turn our attention to the issue of eating parameters when the data are
generated by equation (1.8). In this section Isaber the estimation of models with

a broad range of omitted spatial variables using O8EMs and SSE. In each case
the objective is to identify the parameteBs, For each estimator, the conditions

under which these parameters can be identifie@xgored.

For simplicity let us assume that the ergrconforms to the following standard

assumptions,

» Assumption 2 The independent identically distributed innovasige, are

mean zero,
(1.14)
Ele] = 0

» Assumption 3: The independent innovations,are homoskedastic and non

auto-correlated,
(1.15)
Ele€'] = ol

e Assumption 4: The observed datX, and the confounding spatial proce8s

are independent of the innovatioss,

E[X'e] = 0 (1.16)
E[Z'e] = 0

3.1 Ordinary Least Squares (OLS)

As is well known, ifY, X andZ are perfectly observed, then unbiased and efficien
estimates of the parametefs,can be recovered through the application of th& O
estimator. Unfortunately, when, for some reasoms omitted from the estimating

equation, bias in the parameter estimates maytresul

Consider the parameter estimates obtained using OLS
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B =X'X)"'XY

(1.17)
=X'X)"IX'(XB+Z+e¢)
Which under assumption 4 becomes,
B =B+(X'X)'X'Z (1.18)
The expected bias in the OLS parameter estimakbeisfore given by,
bias(B) =X'X)'Xxz
= (X'X)""(a(s) +n)'(b(S) +v)
(1.19)

Which, from equation (1.11) becomes,

= (X'X)7'(a($)'b($))

The bias is non-zero when the spatial componentbsérved datX are correlated

with the confounding spatial data generating pre@&&[a(S)'b(S)] # 0.

When more than one observed variable is includetthenanalysis, equation (1.19)
consists of a number of multiple regression comfits and the direction of the bias
is complex to deduce. Note that bias may be inttedunto each of the parameter
estimatesf, not just those relating to the observed variatilas are correlated with

relevant confounding spatial proceg&s(Greene, 2003). As such, omitted spatial
variables can cause bias in the estimates of paeasneelating to non-spatial

variables as well as spatial ones, underminingsgects of the analysis. As a result,
the findings of empirical investigations of spdtiabrganised economic data that
neglect to consider the potential influence of coimiding spatial processes should

be interpreted with caution.

3.2  Estimating Spatial Econometric Models
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An alternative to OLS is to estimate a SEM. In thégper | consider the two SEMs

outlined in section (2.1),

1.The Spatial Auto-Regressive Lag Estimator (SAR),

SAR:Y =XB+ WY + ¢ (1.20)

2.The Spatial Auto-Regressive Lag with Auto-Regressirror Estimator
(SARAR),

SARAR:Y = X+ WY + oMu + ¢ (1.21)

Wheree andu are independent, identically distributed innovasié

The parameters of these models can be estimatad egher maximum likelihood
or the general method of moments (GMM). The lat@s been shown to be more
robust to misspecification error (Kelejian and Mac 1998, 1999) and is the

procedure used in the Monte Carlo analyses repstikgequently.

One of the most significant challenges for ideadifion of 8 when estimating SEMs
comes from the potential for misspecification. niany applications there is often
little guidance for selecting an appropriate SEMI{Bnd Bockstael, 2000). At best,
analysts can combine theoretical justifications argights with extensions of the
LM-test to guide a choice between potential modalsliscussion of these tests is
provided in Anselin (1988), and the performanceclassical testing approaches
against a number of SEMs is provided in Florax &otimer (1992)). In many
existing applications the motivation for adoptingparticular specification over
others is not discussed (Leggett and Bockstael),20boumert and Salanié, 2008)
and, as a result, the chosen spatial weights reatritay be a poor approximation to
the true underlying spatial dependence structurkge and Slade, 2010).

4 Comparable results were also obtained for the MR,and SARMA models and estimators. These
results are also available from the author.
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This is problematic because the asymptotic progeriof SEMs rely on the
assumption that the models are correctly specifiddMillen, 2010). When this
assumption is violated, ambiguity surrounds therjrietation of the results. As was
shown in the previous section, in the context adragsing spatial data problems,
misspecification simply transforms the problem eathhan overcoming it (Lee,
2008). Kelejian and Prucha’s (1998, 1999) generalhods of moments (GMM)
estimation routine has been shown to produce pdeanestimates that are more
robust to misspecification error (Bell and Bock§ta800). Similarly, an alternative
approach is to allow the spatial weights to be parametric (Pinkse and Slade,
2010), for example by estimating them through seeigpansion. This more flexible
approach allows the data to determine the resinstiplaced upon the functional
form of spatial dependence. However, unlike tpatial smoothing estimator,
which | will develop in the following section, thrnparametric estimation of spatial
weights relies upon the correct specification of gtructure of the model. In
particular, the analyst must determine whethemtioelel is a spatial auto-regressive
lag or spatial error component model. The spatrights of this specified model
are then estimated nonparametrically and depench Wpe standard conditional
independence assumption on the error term. MissgEmon of the model structure
or the presence of further omitted spatial varigblmlates this assumption. As a
consequence the resulting parameter estimatesioertt be at risk of bias.

3.3  Spatial Smoothing Estimator (SSE)

While the analyst may have little information ore txact form of omitted spatial
processes generating the data, one thing thatorkims that those spatial processes
will have a similar impact on each of the observaiin a particular region in space.
The SSE exploits this commonality. In essence,3B& proceeds by estimating,
using a nonparametric estimator, that part of thim dvhich an observation holds in
common with other observations in its environs afltronparametric estimate is then
subtracted from the data itself so as to sweepheueffects of spatial processes held
iIn common across observations. The intention i tthia spatial differencing will

remove from the data any confounding omitted sppti@cesses.
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4.0 Parameter Identification with Spatial Smoothing

The mechanics of the SSE can be seen by taking&tmns of equation (1.8) with
respect to space and subtracting this from thenalig@quation. Subtraction produces

the transformed relationship,

Y — E[Y|S]= (X(S,n) — E[X(S,mISDB
+ (Z(S,v) — E [(Z(S,v))|$]) + € — E [€]|S] (1.22)

WhereE][.|S] is hereafter referred to as a conditional spatiglectation. Replacing

X andZ with their orthogonal decompositions | arrive at,

Y — E[Y|S] = (a($)+ n— E[a(S) +nISDB
+ (b(S) +v — E[(b(S) +v)IS]) + € - E[elS] (1.23)

Sincea(S) andb(S) are purely functions of space andandv are orthogonal to
spacea(S) + n — E[a(S)|S] =n andb(S) +v — E[b(S)|S]=v. Then from
assumption one, and assuming the conditional $pakipectations are known

perfectly, the model reduces to,
Y — E[Y|S]=nB +v+e (1.24)

Note that the process of spatial differencing reduthe observed regressors,to
their non-spatial componemsand the omitted spatial proce&s,to its non-spatial
componenv. Since by assumption E[n'v] = 0, spatially differencing the data
removes the correlation betweX¥randZ thereby removing the source of bias. It
follows that, provided) # 0, unbiased estimates @fcan be recovered through

simple OLS regression of the spatially differendath.

The development provided above does not, howegbrthe full story of the SSE.
For a start, it assumes that conditional spatigdeetations are known, when in
reality these must be estimated from data. It algggests that the best strategy is to
seek an unbiased estimate of those conditionalasgadpectations. As | shall show
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subsequently, however, under certain circumstansig®y biased estimates of those
expectations may actually improve the efficiencytted SSE. It may also allow for

identification of 8 even whem = 0.
4.1  Empirical Estimation of Conditional Spatial Expectations

In practice, conditional spatial expectations o€ ttlependent and independent
variables,Y andX, with respect to space are not known and insteadt rhe
estimated empirically. A number of different norgraetric estimation techniques
(for example, local polynomial regression or smawghsplines), can be used to
construct an estimate of these expected valuesch B& these methodologies
depends upon some set of smoothing parametershwbkiermine how the estimate
Is constructed. Let us represent a non-paramempirical estimate of the
conditional expectation with respect to space as,

Egl.1S] (1.25)

Whereg¢ denotes the smoothing parameters. Subtractisgeitimated conditional

expectation from equation (1.8) produces the t@anstd relationship,
Y — EylYIS] = (X — E4[XISDB + (Z — EplZIS]) + € (1.26)

Where (Z — E"¢[Z|S]) can be interpreted as a transformed unobservedblar

Under some conditions, equation (1.26) can be astidhusing OLS to identifg

parameters. Let us now consider the set of camditunder which this is possible.
4.2  Sufficient Conditions for Parameter Identification

As was observed by Robinson (1988), unbiased estsna the parameters of the
model can be identified using an SSE if and only if

E[(X — E4[XIS])'(Z — E4lZISD] =0 (1.27)
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AND
E [(X — E¢ [XIS])’(X — E¢ [XIS])] is positive definite (1.28)

Robinsons first condition, (1.27), indicates thpatgally smoothing the data must
remove the correlation betwe&handZ thereby removing the source of omitted
variable bias. The second condition indicates tthatspatially differenced data must
retain sufficient variation across the sample fovalfor unbiased identification of

the B parameters.

To understand better these conditions, it is usé&ulconsider the relationship
between the spatial variables and their conditiapaltial expectations. To do this
let us rewrite each variable as a linear combimnadiD i) its non-spatial components,
i) an empirical estimate of the conditional splatbapectationl%[.lS] and iii) a
component,f(.|S,¢), capturing the bias between the true conditiornadtial

expectationE|. |S], and the estimate provided BM[- |S],

X =n+ Ey[XIS] + f(XIS, $)

N (2.29)
Z =v+E4[Z|S] + f(Z]S, ¢)
Taking the conditional spatial expectations toléfehand side,
X — Ey[XIS] =0 + (XIS, $)
N (1.30)
Z — E¢[Z|S] =v+ f(Z|S, ¢p)
and substituting these into equation (1.28),
E[(n+ f(X|S,9))' (v + f(ZIS,$)] =0 (1.31)
And by expansion,
Elm'vl+E[n f(ZIS,$)] + E[f(XIS,$) " v] (1.32)
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+E[f(XIS, ¢) " f(ZIS,$)] =0

To remove the correlation between the observed aadathe confounding spatial
process it is necessary that there exist some singoparametersp, such that the
smoothed observed data, which consists of the dmagponent from the estimated
expectation and the non-spatial elementX,adind the smoothed confounding spatial
data process, which also consists of a bias conmp@mel non-spatial elements 4f
are no longer correlated. Under assumption 1 gndefinition the first three terms
in equation (1.32) are equal to zero, which leatres following condition for

identification,

E[f(X|S.9)'f(Z]S,$)] =0 (1.33)

Notice that this condition is expressed purelyamis of the bias in the empirical
estimate of the conditional spatial expectatiods was discussed in section 4.0,
when the conditional spatial expectation Xfis known accurately the spatial
component oX can be smoothed out. In this case equation (t&6)e estimated

by OLS without bias and equation (1.33) is met.ikeWise, if unbiased empirical

estimates of the conditional spatial expectatiosavailable then identification is

possible.

Moreover, it is clear from equation (1.33) thatrthare actually three possible ways

to satisfy the expression,

IC1. There exists somg whereby the empirical estimate of the conditiosjaetial

expectation oK is unbiased,
fX|S,¢)=0 (1.34)

In this case the only variation remaining Xnonce the datédhas been spatially

smootheds provided byy.

IC2. There exists somg whereby the empirical estimate of the conditiosyzetial
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expectation of is unbiased,
fZIS,¢) =0 (1.35)

In some cases it may be possible to remove theiaspedmponent of the
confounding spatial data without removing all o€ thpatial variation X, thus
leaving additional information which increases th#ficiency with which the

parameter estimates can be made.

IC3. There exists somg whereby the empirical estimate of the conditioszetial

expectations ok andZ are biased but the biases are uncorrelated,

E[(f(XIS,®)'(f(ZIS, )] =0
fXIS,¢) #0 (1.36)

fis,¢)# 0

Under this final condition, it may be possible temove the correlated spatial
components ok andZ whilst leaving even further variation Xy further increasing

efficiency.
5.0 Identification using Local Polynomial Regression

One method for estimating the conditional spatigdeetations is by means of local
polynomial regression (LPR). LPR provides an edtamaf the conditional spatial
expectation at any particular location by plottiaglocal polynomial of ordep
through neighbouring observations. What constitutegghbouring’ is determined
by the bandwidth parametdn, in conjunction with the kernel functioi, which
weights each observations contribution to the esion of the expectation.

Accordingly, for LPR,
Ey[XIS] = Ex{h_,,} [X|S] (1.37)

The LPR estimator is defined by the kerriglthe smoothing bandwidth, and the
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order of local polynomial regression,

The order of local polynomial regressign,determines the order of the polynomial
plotted through the observations. Local consfant 0) estimation refers to the
case where the average value is taken, local li(eear 1) refers to the value
obtained by plotting a straight line through théuea and so on. The choice of the
order of local polynomial estimation affects idénttion in conflicting ways.
Choosing a higher order reduces the bias in theason of the confounding spatial
data process,, and thus reduces the bias in the parameter @és8m@n the other
hand it also reduces the amount of variation lefthe smoothed observed data,

increasing the variance of the parameter estimate.

5.1 Bias in Kernel Density Estimation

The accuracy with which LPR can recover conditicsptial expectations depends
primarily on how well the bandwidtln, and order of local polynomia, allow the

LPR to capture the curvature of the spatial fumctad each location in space.
Intuitively, contracting the bandwidth puts greatseight on more proximate
observations in estimating the expectation at séwmoation. As a result smaller
bandwidths tend to reduce bias. At the same timmegker, in reducing the quantity
of data upon which the estimate is made, smalleddbalths also increase the
variance of that estimate (Ruppert et al., 1995erB® and Rodriguez, 2008).
Similarly, increasing the order of the local polymal allows the local regression to
approximate the curvature of the spatial functioarenaccurately and, as such,
reduces bias in the estimate. That increased fléyibomes at the cost of estimating
more parameters from limited data that, in turrgreéases the variance of the

estimate.

Accordingly, in LPR the analyst must trade off béaml variance when selecting the
bandwidth parameter or the order of the local pomgial fitted to the data. For this
purpose, a number of selection criteria have beseldped (See Hardle and Marron
(1985), Mallows (1973), Akaike (1974), Moran (195Q¢e (2003), Lee and Solo

(1999) and Hall et al.(1992)). These selectiotedsa include leave one out cross
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validation, partitioned cross validation, Specknsanile of thumb, exact plug-in,
asymptotic plug-in and bootstrapping (FranciscanBedez and Vilar-Fernandez,
2005). In practical applications the analyst viitheither the bandwidth or the order
of polynomial regression and use one of the s@edriteria above. These selection
criteria are derived from various measures of fiesind do not explicitly consider
the issue of parameter bias. As an alternativis, ossible to utilise Taylor series
approximation to construct polynomial approximasioof X and the residualsé,
from OLS regression of Y oK. Under the two identification conditions derivied
this paper it is then possible to construct a §étypotheses that place restrictions on
the coefficients on the higher order terms of thesgnomial approximations which
can be tested using the delta method. The resuttsese tests determine the order
of local polynomial regression that is required attain unbiased parameter
estimates. In practice, this test can be combwéd a selection criterion for
choosing the bandwidth to minimise the mean squanexd (Binner and Day, 2010).

Our primary concern with regards to understandivg itlentification conditions in
(1.34). (1.35) and (1.36) in the context of LPRthe issue of bias. Ruppert and

Wand (1994) derive general expressions for thag. bi@onsider, for illustration, the

orthogonal decomposition of one of the variableXin
X=a(s)+n (1.38)
For a model of this type the bias in conditionatsg expectations is given by,

For evenp:

f@($)IS,p,h) = a(S) — Ex,, , [a($)]S]

aP*i($)g'(S) al*2(s) . . (1.39)
e+ T T e®™

= fup+2Kp(u)du l

For odd p:
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f(a($)IS, p, ) = a(8) — Ex,, ,[a(5)]S]

ap+1(s)
p+ 1)!

= fup“Kp(u)du I hP*1 4+ 0, (hP*1)

(1.40)

Where a”(S) denotes thep" derivative ofa(S) and g(S) is the probability
distribution of §. Using equations (1.39) and (1.40), Table 1.2sgmé&s the
approximate bias for local constant, local lindaagine, 2001) and local quadratic
estimation. These expressions show how the magnifidne bias depends on the
derivatives of the functiom(S) (the source of the curvature-based bias), the
probability distribution of§, g(§) (the source of the boundary-based bias), and the
order of local polynomial estimatiop, The choice of bandwidth also affects the
magnitude of the bias, scaling the bias introduasd result of selecting too small an

order of local polynomial regression.
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Estimator Bias

Local Constant 1 "($)g'(S
w2 <Ea”(5) NAQUAC) )) [wraoan

(Nadaraya-Watson) 9(S)
Local linear h? <%a”($)>fu2k(u)du
. 1 a"'(8)g'(s)
4 [ — 4
Local Quadratic h} <2a )] +—3!g(5) >Ju k(u)du

Table 1.2: Pointwise bias in kernel density estinteon with second order kernels

Two sources of bias, boundary-based and curvaiseeb bias, are evident in
equations (1.39) and (1.40) (Ruppert and Wand, 19%oundary-based bias is
driven by changes in the density and marginal dgmsiS at the boundaries of the
data range, seen through the terigs), and is only associated with even order local
polynomial estimation, i.e. local constant, quadrastimation etc. When the density
of observations becomes small, the expression begolarge and introduces
significant bias in the estimate. Odd order locablypomial regressions

automatically induce a boundary bias correction.

Curvature-based bias, represented by the termuaredrackets in equation (1.40),
is driven by a difference between the local ordepaynomial regression and the
local curvature of the function. When the ordépolynomial regression is lower
than the local order of the function it is impossito plot the polynomial accurately
through the function. In particular, the estimatedction will differ more markedly

at points where the curvature of the function ighhi As an illustration, consider

plotting a straight line through a quadratic fuonti

52 Sufficient Conditions for Parameter Identification with LPKD

estimation

The identification conditions (1.34), (1.35) and3@) show us that increasing the

bandwidth or order of LPR in order to reduce biasthe conditional spatial
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expectations affects identification in conflictingays. Less bias in the spatial
expectation of the confounding spatial data prqcgssreduces the bias in the
parameter estimates. On the other hand, less bi#isei spatial expectation o,

reduces the variation left over in the smoothednles] data, increasing the variance

of the estimates of the parameter estimges,

While bias can be reduced by either increasing diaer of local polynomial
regression or reducing the bandwidth, for simpliat exposition | focus just on the
case where the analyst selects a fixed bandwidfthut adjust® .° Accordingly,

let us define three orders of local polynomial esgionp*, p**andp*** as the lowest
orders that satisfy the identification conditioreating to IC1, IC2 and IC3 in

section 4.4. As such,

IC SSE 1: There exists soméwhereby the LPR estimate of the conditional spatia

expectation oKX is unbiased,

F(X|S,h,p") =0 (1.41)

In this case all of the spatial variationXnis removed.

IC SSE 2: There exists som& whereby the LPR estimate of the conditional spatia

expectation of is unbiased,

f(Z|S,h,p™)=0 (1.42)

If p** < p* it is possible to remove all of the spatial vadatin Z whilst leaving

> This can be chosen using an automatic bandwidiietsen criterion.

® A smaller bandwidth can be adopted in local linestimation to take into account only
closer neighbours where a linear fit is more adeusmd in local quadratic estimation a
larger bandwidth will be adopted to utilise theitalzle data. As a result, in absolute terms
the difference in bias between local linear andallaquadratic estimation will be smaller

when an automatic bandwidth selection criteriasisduas opposed to a fixed bandwidth.
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some spatial variation itX. Remaining spatial variation X aids in the
identification of parameters and provides morecedfit parameter estimates than is

obtained using™.

IC SSE 3: There exists som&™ whereby the LPR estimate of the conditional

spatial expectations & andZ are biased but the biases are uncorrelated,

E[f (XIS, hp™*) f(ZIS,h,p"")] = 0
f(X|S hp)#0 (1.43)
f(Z]$.hp™") # 0

If p** < p*,p™then it is possible to remove the source of biashm parameter
estimates whilst further increasing the efficieno the estimator by leaving

additional spatial variation IX.

These results translate into conditions regardimg nature oX andZ. If it is
possible to represerX and Z by their polynomial expansions then parameter
identification is possible using a LPR SSE of ordémwhen either one of two

sufficient conditions holds,

CONDITION 1 (C1): Z is ap* times differentiable function ANIX are NOT
purely spatial variables, such thpt 0.

CONDITION 2 (C2): X is p* + 2 times differentiablé AND the bias in the

conditional spatial expectations ¥fandZ are uncorrelated.

IC SSE 1 and IC SSE 2 map into C1, whilst IC SS&tBe equivalent of C2.

"Here the (+2) is required so that fhigh derivative of X is not constant and variation
remains in the smoothed data for identification.tHe multivariate case it is necessary that

n + 2 is the lowest order of € X.
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In the context of hedonic house price estimatioondition 1 will be met by
observed property characteristics that are not lpuspatial. Using the same
example, road noise is exacerbated by factors asi@ouble-glazing, the aspect of a
property and the presence of trees and other hgsgdithat cause echoing.
Contrastingly, aircraft noise is determined purgyythe location of a property with

respect to the flight path.

Condition 2 implies that observed property charssties are more variable over
space than the components of the spatial data ggagi¢h which they are correlated.
As an illustration, consider the estimation of adelowhere house prices are a
function of transport noise and some omitted amgegiitect. The omitted amenity
variable is likely to vary from neighbourhood tagtgourhood. Now consider some
different possible sources of transport noiseirraft noise exhibits little variation
(under the flight path), ii) railway noise variegoh neighbourhood to
neighbourhood and iii) road noise is highly vargldiffering from street to street.
Condition 1 is likely to be met in the case of raailse but not for aircraft or railway

noise in this example.

Unfortunatelyp™* is unknown and, at present, little guidance oed#lg the order of

local polynomial estimation is available from thiéedature on semi-parametric
estimation. This paper adopts both local linear ledl quadratic estimation in its
simulations. These are fairly low orders that dradle the spatial smoothing
estimator. Considering both orders enables uswesiigate the importance of the
chosen order of polynomial regression and the egleg of the identification

conditions derived above.

6.0Monte Carlo Simulations
The performances of OLS, SEMs and SSEs, in dealitiy various spatial data-
generating processes are investigated throughies sar Monte Carlo experiments.

In those simulations, the true data-generatinggs®ds given by the linear model,

Y=XSnB + Z(S,v) +¢€ (1.5)
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where § = {S;,S,} are two-dimensional locations drawn from a planesample
sizes of 500. The innovations, are generated as normally distributed random
variable. X = {X;,X,} is a matrix of two regressors wheXg is a non-spatial

variable simulated as draws from a standard normal,

While X, is a spatial variable simulated as the sum ofagéiapolynomial of orden

and some non-spatial elemeny,

n (1.45)

n
X, = Z Z ay jS¥Sy + 12

k=0 j=0

Here theq, ; are constants and the exact value ahd the definition of, differs

across simulations.

As | will demonstrate through simulations, the tieka scale at which the observed
data and confounding spatial data generating psocas (often referred to as their
spatial scales) is an important determinant of nfegnitude of bias when spatial
models are estimated (Paciorek, 2010). As sucdmsider two different orders af,
(order 5 and order 1). Each simulation was coredldboth forn, = 0 and
n,~ N(0,1).

B is a vector of parameters of interest relatingho observed characteristids, In

each of the Monte Carlo simulations these are ddfas,

- ()-()

The Monte Carlo experiment proceeds by simulatiaig dmitating each of the four
different processes (discussed in Section 2) bychvhij the confounding spatial

process, might arise in data.
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6.1 Spatial Data Generating Processes (DGPs)

Table 1.3 summarises the data generating procassss in the Monte Carlo

simulations and their corresponding parameter walue
DGP 1. A Spatial Autoregressive Lag (SAR)
Z(S,v) = T LAVWIXES,MB+ 22 VW e (1.47)

DGP 2. A Spatial Autoregressive Lag with Autoregres Spatial Error Dependence
(SARAR)

Z(S,v) = Z5LUWIXS, B+ (S22 VWM (1.48)

+ Zl:1¢lMl)€

In both cased = 0.6 andW was generated as an Epanechnikov spatial weights
matrix with limits of 3. In the SARAR model = —0.6 andM was generated as an

Epanechnikov spatial weights matrix with limitsQb.

DGP 3. To examine spatial misspecification | coesitie estimation of a spatial lag

process. The estimation model is,

Y = XB+AWY +¢€ (1.49)

When the true data generating process is,

Y = XB+ WY + ¢ (1.50)

As was discussed in section 2.2 (see Table 1.1¢ahéounding spatial DGP, Z, in

this case is,
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7 = AW -wW)Y (1.51)

Two versions of this model were generated for tlentd Carlo simulations. Fir$¥
andW were specified with broad limits of 3, such that tonfounding spatial data
varies less than the observed variables over didedaarea and, thus, Condition 2 is
likely to be met. Secondy andW were specified with narrow limits of 0.4 such
that the confounding spatial data process is mamable over local areas and
Condition 2 is less likely to be met. In both cade= -0.6 and¥ is a misspecified
version ofW in that the former specifies binary weights whea titue weights it/

are Epanechnikov. The parameter values are pegsaniable 1.3.

DGP 4. In the spatial measurement error model,nteasured values daf, were

generated as,

X; =X, + Z(5) (1.52)

WhereZ is generated as a spatial polynomial of order 1,

Z = b1’051 + b0‘152 + b1’15152 (153)

Recall that two versions &, are considered in the Monte Carlo simulations.eWh
X,is a polynomial of order 5, Condition 2 is met ani possible to smooth out the
measurement error, Z, and identify the parametérthe model even whek, is
purely spatial (Condition 1 is violated). In cagt, whenX, is a polynomial of
order 1, Condition 2 is not met and spatial smowhnay not be able to identify

unbiased parameter estimates.

DGP 5. For the spatial omitted variable, a spapalynomial of order 2 was

generated,
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Whereb, ; are constant parameters.

Z

k=0 j=0

Sks)

2
2,2, b

(1.54)

Table 1.3 summarises the parameter values uséé sirhulations for each DGP.

DGP X(S,n) Z(S,v)
SAR Polynomial of order5 |2 =0.6,W =3
_ (Epanechnikov)
Spatial :
_ SARAR Polynomial of order5 | 1 =0.6,W =3
Parametric )
(Epanechnikov)
Models:
»=0.6M=0.5
(Epanechnikov)
Condition 2 violated | Polynomial of order1 | 2 = 0.6,W = 0.4
+SAR:A = 0.6, W = 0.4 | (Epanechnikov)
Binar
Spatial ( Y)

Misspecification:

Condition 2 met

Polynomial of order 1
+SAR: 1=0.6,W =3
(Binary)

A=06W=3

(Epanechnikov)

Spatial
Measurement

Error:

Condition 2 violated

Condition 2 met

Polynomial of order 1

Polynomial of order 5

Polynomial of order 1

Polynomial of order 1

Spatial Omitted

Variables:

Condition 2 violated

Condition 2 met

Polynomial of order 1

Polynomial of order 5

Polynomial of order 2

Polynomial of order 2

Table 1.3: Parameter Values in the Monte Carlo Simlations (N=500)
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7.0 Results
7.1 OLS Estimation

Table 1.4 reports the results using OLS estimatiban the estimating equation fails
to include the confounding spatial data genergpimgess. The left column presents
results wherX, is a purely spatial regressor € 0) and the right presents results
when there is some non-spatial variatiorkjn (n # 0). Note that ifX, is a purely
spatial regressom(= 0) it is anticipated that the parameters of the rhadanot be

identified under identification condition 1.

Condition 1 violated Condition 1 met
Model _ n=0_ X
P B2 B B2
Br=1) Bz =-1) Br=1) | B=-1)
Spatial Parametric Models

SAR 1.2256 -1.4011 1.2355 -1.4009
(0.4395) (0.0105) (0.4409) (0.0105)

1.2256 -1.4011 1.2356 -1.4009

SARAR
(0.4395) (0.0105) (0.4410) (0.0105)
Spatial Measurement Error Models
Condition 2 violated 0.9990 -0.0327 0.9809 -0.0414
(Order(X)<Order(Z2)) (0.0223) (1.0421) (0.0497) (0.0031)
Condition 2 met 0.9927 -0.9173 0.9909 -0.9175
(Order(X)>Order(Z2)) (0.1040) (0.0023) (0.1041) (0.0023)
Spatial Omitted Variables

Condition 2 violated 1.0279 30.8516 1.4068 6.1906
(OrderX)<Order(2)) (0.1305) (0.2665) (0.6158) (0.5574)
Condition 2 met 0.9399 -0.6562 0.9325 -0.6572
(Order(X)>Order(Z2)) (0.2950) (0.0070) (0.2957) (0.0070)

Table 1.4: OLS Estimation
The OLS estimator neglects to account for the apatidogeneity (SAR) and auto-
correlated autoregressive error (AR) componentshefspatial interaction DGPs.

As is shown in rows 1 and 2, for both the SAR a®RBR processes there is
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significant bias in the OLS parameter estimateg,dfoth whenX, is purely spatial
(Condition 1 is violated) and when it is n@iis also biased with very large standard
errors. The marginal effect &%, 5,, is overstated by roughly 40 percent in each

case.

Again as anticipated by (1.19), spatial measuremeemtr leads to bias in the OLS
parameter estimate ¢,. As with the omitted spatial covariates modele th
magnitude of the bias differs when Condition 2 daesl does not hold. When
Condition 2 holds, that is wheé¥y is a polynomial of order 5 arfflis a polynomial

of order 1, the bias in the parameter estimatenals In contrast, when Condition 2
does not hold (that i8, andZ are both polynomials of order 1) the OLS parameter

estimates suggest th&f has a negligible marginal effect.

When the data is generated with an omitted spa#ieibble, taking the form of a
polynomial over space, in the case where CondRialoes not hold the bias 3 is
severe. However, the bias is reduced when thesen® non-spatial variation iy
(column 4). When Condition 2 hol@s is biased (by 35%) and there is also a small

bias ing;.

7.2  Spatial Econometric Estimation

Table 1.5 reports the results of SAR and SARAR&stiion for each of the DGPs.
Columns 1-2 and 3-4 relate to SAR and SARAR estonaespectively.

8 Confounding spatial processes often leave a tellitadicator in the form of spatially

dependent residuals. This enables their presemd®e tdetected through post-estimation
tests. A number of tests have been developed; Motgrovides a test for general spatial
dependence (Cliff and Ord 1972), whilst LM-testa b& used to test the null hypothesis of
no spatial auto-correlation against the alternaltiypotheses of specific parametric models
of dependence (Anselin 1988). Likewise, Kelejiand aRobinson (1992) develop

specification robust tests that allow an analystest, for example, for the presence of a

spatial lag when spatial error dependence maytaquresent and vice versa.
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Consider first the two spatial interaction modeRows 1 and 2 present the results
when the spatial weights matrices are correctlycifipe. In both cases the
endogenous component of the model is correctly aded for. This removes the
source of bias and allows both models to recovérnased estimates. However,
whilst the SARAR estimator is sufficient for estitimg the SAR model, the SAR
estimator lacks the auto-regressive error compoonétihe SARAR model. As a
result, the standard errors obtained by SAR estimaif the SARAR model are

biased and inflated.

It is well known that spatial parametric estimatpesform most effectively when

they are correctly specified. In contrast, rowsurfl 4 of Table 1.5 present the
results obtained when the spatial weights matr@cesncorrectly specified as binary
when the true spatial lag is generated by a maiitix Epanechnikov weights. Row 3
presents the results when the spatial weights cestthave narrow limits such that
Condition 2 is not met. The simple misspecificatof the weightings as binary
causes the SAR estimator to return biased paramstenates. Row 4 presents
results for a further SAR model when the lag predssbroad. Again the weights
matrix is misspecified as binary rather than Ephngmv. As before, the parameter
estimates off, obtained using a misspecified SAR estimator ayeiitantly biased

in all cases. The simulation results in rows 3 4rabnfirm that SEMs are sensitive

to specification errors.

These general spatial data problems are indicafivke sort of real world problems

that plague econometric analysis, such as hedowlysis. Our simulation results

For completeness | employed these robust-LM tegtanst each DGP. The results

uniformly demonstrate the ability of the tests tetett the presence of a spatial data
generating process, however in almost all caseg fkenot enough information to guide a

choice between specifications, even when the trG&® s a SPM and the spatial weights
matrices are correctly specified in the tests. sT&iconsistent with the findings of Anselin

and Griffith (1988).
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clearly illustrate the continuing challenges thia¢yt pose for spatial econometric
estimators (Brady & Irwin 2010, McMillen 2010, Pkes & Slade 2010).
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SAR SARAR

Condition 1 violated Condition 1 met Condition 1 violated Condition 1 met

Model ] n=20 ] _ n+0 _ _ n=0 _ _ n+0 _

:31 :32 .Bl .32 .Bl .32 .Bl .32
Br=1) (B =-1) Br=1 B =-1) Br=1 B =-1) Br=1 B =-1)

Spatial Parametric Models
SAR 0.9999 -0.9999 0.9997 -1.0001 0.9999 -1.0000 0.9998 1.0001
(0.0219) (0.0010) (0.0219) (0.0010) (0.0219) (0.0010) (0.0219) (0.0010)
SARAR 0.9997 -1.0000 0.9998 -1.0001 0.9999 -1.0000 0.9998 -1.0001
(0.0229) (0.0011) (0.0229) (0.0011) (0.0222) (0.0007) (0.0222) (0.0007)
Spatial Misspecification Models
Condition 2 violated 1.0416 -0.8230 1.0402 -0.8378
(i.e. narrow lag process in Z) ~ (0.0097) (0.0193) (0.0098) (0.0193) ) ) ) )
Condition 2 met 0.9863 -0.9314 0.9861 -0.9341
(i.e. broad lag process in Z) (0.0185) (0.0422) (0.0186) (0.0420) ) i ) )
Spatial Measurement Error Models
Condition 2 violated 1.0035 -0.0253 0.9279 -0.1882 0.9992 -0.0256 0.5863 -0.1974
(Order(X)<Order(2)) (0.0232) (0.0073) (0.1001) (0.0207) (0.0239) (0.0072) (0.0552) (0.0168)
Condition 2 met 0.9999 -1.0763 1.1417 -1.0584 1.0187 -0.9727 1.0173 -0.9756
(Order(X)>Order(2)) (0.1165) (0.0318) (0.0885) (0.0050) (0.0243) (0.0072) (0.0243) (0.0070)
Spatial Omitted Variables

Condition 2 violated 1.0317 24.1248 1.0528 -1.1007 0.9884 30.0920 1.1424 -1.1942
(Order(X)<Order(2)) (0.1045) (5.2237) (0.0441) (0.0477) (0.0306) (1.8795) (0.0403) (0.0410)
Condition 2 met 0.9824 -0.3579 1.0025 -1.0720 1.0330 -0.8351 1.0173 -0.9756
(Order(X)>Order(2)) (0.2063) (0.0401) (0.1142) (0.0309) (0.0292) (0.0071) (0.0243) (0.0070)

Table 1.5: SPE Estimation
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The results for the spatial measurement error mimdedws 5 and 6 highlight how
parametric spatial weights matrices fail to corrédet bias wheX, does not have

any non-spatial variation and the measurement &roighly localised (Condition 2

IS not met). This results from the poor approxioratof the measurement error
made by the spatial weights matrices.

Rows 7 and 8 present parameter estimates from SIIFSARAR estimating models
when the data are generated by an omitted spabakgs that takes the form of a
polynomial over space and not a spatial lag procd@$ge most striking result is the
degree of bias that remains in the parameter egmahenX, is a purely spatial
regressor. In these cases the spatial weightsicestpoorly approximate the
structure of the omitted spatial covariates andittle to remove bias. In addition,
when the unaccounted-for spatial process, Z, eteéhihighly localized spatial
dependence (i.e. Condition 2 is not met) an overlyad spatial weights matrix
provides only a poor approximation to the true igpatata-generating process and
parameter estimates continue to be biased even thikemis non-spatial variation in
X,.

7.3  Spatial Smoothing Estimation

Thus far | have demonstrated the poor performamd@L& when the econometric
model does not account for a variety of confoundsmatial data generating
processes. Likewise, the results in section 7rAahstrate that SEMs also fail to
identify unbiased parameter estimates when the meaaisspecified. The final set
of results, presented in this section, explorepgx@ormance of local linear and local
quadratic SSEs against these DGPs. In these siondahe bandwidth is selected

using leave one out cross validation (Hardle andrévg 1985).

Table 1.6 presents the parameter estimates obtasiad local linear (columns 1
and 2) and local quadratic (columns 3 and 4) S®8Egdch of the models. For the
spatial misspecification model | combine spatiabsthing and a SAR component to
estimate a model with spatial interactions wheme structure of the interaction is

anticipated but not known with certainty. In eaase | pay particular attention to
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whether either of the sufficient conditions formdfication are met.

In the spatial interaction models, the results biclv are presented in rows 1 and 2, a
local linear SSE has clear advantages over OLS etem there is no independent
variation X, but does not return completely unbiased estimat8his bias is
dispelled when there is some independent variatiofy, (such that Condition 1 is
satisfied). The local quadratic SSE is able totwapand extract the spatial

interaction processes more accurately, and presabtased parameter estimates.

Rows 3 and 4 present results for the spatial mesgpation model. In this case the
estimation first smoothes the data and then estgnt#ie SAR model using the
smoothed data. When Condition 2 holds, it is fgmdssio smooth ouf and leave
some variation iX, allowing the SSEs to return unbiased parametanates both
with and without additional non-spatial variatioBondition 1). The addition of
non-spatial variation reduces the standard erkitsen neither of the identification
conditions is met, both spatial smoothing estimatesbiased. When only Condition
1 holds the order of local polynomial estimatiotoer than the order of the spatial
data problem. As a result, the bias in the spatiaothing estimates is reduced but
not completely removéd Again, this is in line with the expectations tlwan be

drawn from theory.

Rows 5 and 6 of Table 1.6 present the spatial dmmgptestimates for the spatial
measurement error model and rows 7 and 8 presese tfor the omitted spatial
covariates models. In line with the theoreticalutes, when neither Condition 1 or 2
hold these estimators cannot correctly identify plagameters of the model. It is
noticeable that when the identification conditi@me not met, the parameter estimate
for B,is large, with large standard errors. The reaswntHis is that under these

conditions a SSE removes almost all of the vaniaitioX,.*°

® Further simulations revealed that the bias is rdaising a local cubic smooth.
10 Although in these cases the parameters of the nawdaiot identified, the large estimated

values and standard errors signal that the parasnate unidentifiable.

50



In contrast, when Condition 2 holds the SSEs perfarell. Although some bias
remains in the parameter estimates obtained usitgga linear smooth, this is
expected since the omitted data is of order 2 am$equently there is bias in the
local linear regression estimate of Z. The biasasrelated with the smoothed
observed data and results in a small bias in thenpeter estimate. Consistent with
the derived identification conditions, the localaquatic estimator removes this
problem and obtains unbiased parameter estima@etumns 2 and 4 confirm that
non-spatial variation in X (condition 1) facilitat¢he identification of the parameters

enabling both SSEs to return unbiased parametenass.

8.0 Discussion

As more and better spatially organised micro-déasadsecome available to
economists, the problem of confounding spatial @sses is likely to become of
more prominent concern to empirical analysts. Tgaper has explored issues of
parameter identification and estimation of lineavdels in the presence of a broad
range of underlying spatial DGPs. Four types obfmms were considered: spatial
lag processes, omitted spatial covariates, spatihsurement error and spatial
misspecification. These problems are shown to umoker OLS estimation,

potentially introducing bias into the parameteireates

Whilst some progress has been made to addressdhesi associated with spatial
data through the development and implementatiospafial econometric estimators
there are some serious limitations to these appesac In this paper | have
considered and contrasted the ability of commomhpleyed spatial econometric
estimators (SAR and SARAR) and alternative loaadir and local quadratic SSEs
in handling a variety of confounding spatial da¢@erating processes.
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Local Linear SSE

Local Quadratic SSE

Condition 1 violated

Condition 1 met

Condition 1 violated

Condition 1 met

Model n=0 n+0
:él 32 :él EZ ﬁl 32 ﬁl 32
Spatial Parametric Models
SAR 0.9971 -1.2993 0.9976 -1.0160 0.9984 -1.0172 0.9944 -0.9951
(0.0226) (0.0186) (0.0225) (0.0147) (0.0226) (0.0146) (0.0222) (0.0032)
SARAR 0.9975 -1.0300 0.9981 -0.9994 0.9985 -1.0175 0.9943 -0.9969
(0.0247) (0.0168) (0.0247) (0.0142) (0.0231) (0.0148) (0.0239) (0.0233)
Spatial Misspecification Models
Condition 2 1.1274 -0.8292 1.1310 -0.9166 1.1353 -5.0898 1.1476 -1.4138
violated (0.0081) (0.0941) (0.0080) (0.0951) (0.0077) (2.7766) (0.0073) (0.3586)
Condition 2 met 1.0032 -0.9565 1.0031 -0.9589 1.0036 -0.9794 1.0036 -0.9906
(0.0023) (0.0150) (0.0023) (0.0147) (0.0022) (0.0745) (0.0022) (0.0539)
Spatial Measurement Error Models
Condition 2 0.9992 -0.0009 0.9986 -0.9984 0.9994 -1.32x101° 0.9993 -0.9998
violated (0.0219) (0.0224) (0.0224) (0.0233) (0.0219) (1.39x10'%) (0.0220) (0.0230)
Condition 2 met 0.9993 -1.0001 0.9992 -0.9999 1.0004 -1.0028 1.0004 -1.0001
(0.0220) (0.0014) (0.0220) (0.0045) (0.0219) (0.0461) (0.0219) (0.0201)
Spatial Omitted Variables

Condition 2 1.1274 -0.8292 1.1310 -0.9166 1.1353 -5.0898 1.1476 -1.4138
violated (0.0081) (0.0941) (0.0080) (0.0951) (0.0077) (2.7766) (0.0073) (0.3586)
Condition 2 met 0.9972 -0.9240 0.9957 -0.9412 0.9997 -1.0000 1.0001 -0.9999
(0.0223) (0.0122) (0.0224) (0.0112) (0.0219) (0.0471) (0.0219) (0.0230)

Table 1.6: SSE Estimation
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The primary contribution of this paper is to defiheee identification conditions
which establish when parameter identification issgiole using a general
nonparametric SSE.  Furthermore, | show the specirm of these

identification conditions for a SSE using local ypadmial regression and derive
from them two sufficient identification conditioms terms of the structure of the

data.

A second contribution is to present a series of tdddarlo simulations, which
confirm that those Conditions are sufficient foemdification of the parameters.
Under either Condition, a SSE provides a simplerabhdist approach to dealing
with spatial data generating processes. The realstshighlight the importance
of selecting an appropriate order of local polynanestimation.

In the Monte Carlo experiment, SEMs are shown tonbee efficient than SSEs
when the SEM correctly anticipates the form of sppd&g process and correctly
specifies the spatial weights matrices. HoweverMSEre shown to not be
robust to misspecification and perform poorly whke spatial data generating

process is not a spatial lag.

Accordingly, when there is little guidance on thature of unaccounted-for
spatial processes, the SSEs offers an attractiemative to SEMs even when it
is suspected that that spatial process may beeiriofm of a spatial lag. The
SSE does not impose restrictive assumptions orfaime of the spatial data-
generating process and has been shown to prodbe@sed parameter estimates
when either of two identification conditions is meMoreover, by adopting a
spatially smoothed SAR estimator in the misspetifieodel, | demonstrate that
spatial smoothing can be combined with other estomanethods, such as two-
stage least squares, in the estimation of spatilefg”. Again, when Conditions

1 Although this is not the primary objective of tltisapter, additional simulations were
conducted to examine the ability of spatially snheot SAR estimators to recover
unbiased estimates of the spatial multiplier whenttue underlying DGP is a SAR with
an omitted spatial variable. The results confinattwhen the spatial weights matrix is
correctly specified the spatial smoothing estimagturns unbiased parameter estimates,
including an unbiased estimate of the spatial miidti. In contrast, a SAR estimator
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1 or 2 are met, the spatial smoothing estimator lmaradopted to overcome
spatial misspecification problems, combining thevaadages of the two

approaches.

In conclusion, this paper has sought to demonsthatdlexibility and simplicity
of SSEs and to provide a clear and intuitive urtdeding of the conditions
under which this estimator can be used to idenhié/ parameters of the model.
This paper has demonstrated how it is possibleatdithte identification and
further improve the efficiency properties of estiora through better matching
the demands of economic analysis with developmentsnon-parametric
econometric techniques. It is my hope that thiskwon conjunction with the
increasing availability of non-parametric code itatistical packages, will
support the increased utilisation of SSEs in ecaoem Future work should
extend this principle and further explore the pttdrior econometric theory to
contribute to achieving the objectives of applieglgsis. In particular, in the
next chapter | will explore the potential for fuethidentification and efficiency

gains through the implementation of local adapsipatial smoothing estimators.

returns biased parameter estimates even when #i@lsweights matrix is correctly
specified. Results are available from the autipanurequest.
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CHAPTER 2

A Locally Adaptive Spatial Smoothing Estimator
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1.0 Introduction

In the previous chapter, this thesis focused tsnéibn upon estimating partial
linear models using a spatial smoothing estima&@H) with fixed smoothing
parametersp, hereafter referred to as a Fixed SSE. In thaptdr, | focus on a
refinement of that estimator which improves itsicdhcy and potentially
expands the range of spatial data-generating pesefrom which it can

successfully identify unbiased parameter estimates.

As per the previous chapter, the general form Herdata-generating process is
given by equation (1.5), which is repeated below,

Y = X(S,B + Z(S,v) + ¢ (1.8)

Recall that the dependent varialffe,is an additively separable function of an
N X k vector of observed dat¥(s,n), a confounding spatial procegks,v),
and independent, identically distributed innovasion. Also, S, represents
spatial location as defined by a vector of Cartesia-ordinates§ = {S;,S,}.
Finally, # is a k x 1 vector of parameters relating to theeobed data. The
objective of the analysis is to recover unbiasdinedes of these parameters.

In the previous chapter | demonstrated that tharpaters of the model can be
identified when equation (1.33) is satisfied, tisat

E[f(X|S,¢) f(Z|S,$)] =0 (1.33)

Wheref (.|S, ¢) is the bias component associated with the empigstamate of
the conditional spatial expectation. From this regpion | derived three
identification conditions relating to the estimatioof models within this
framework using a Fixed SSE. These conditiongaar®llows,

IC1. There exists somg whereby empirical estimate of the conditional spat

expectation oK is unbiased,
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fX|S,¢)=0 (1.34)

In this case spatial smoothing works so as to renadlvspatial variation iX, a
process that addresses the omitted variable biadblgon but limiting
identification of the parameters to variation powd byn, the non-spatial

elements okX.

IC2. There exists somg whereby the empirical estimate of the conditional

spatial expectation df is unbiased,

f(ZIS,¢) =0 (1.35)

In this case spatial smoothing works so as to rentl spatial component of the

confounding spatial process without removing allhe&f spatial variation iX.

IC3. There exists somg whereby the empirical estimate of the conditional

spatial expectations &f andZ are biased but the biases are uncorrelated,

E[f(X|S,9)'f(ZIS,$)] =0
fXIS,¢) #0 (1.36)
f(ZIS,¢) #0

In this case, smoothing works so as to remove fhet correlated spatial

components ok andZ.

2.0  Spatially Inhomogeneous Data

When the functions that underlie the model areialhahomogeneous (i.e. their
variability is similar across different regions) darone of the identification

conditions is met, the Fixed SSE provides unbiasttnates of the parameters
of interest. In this chapter | consider situatioanswhich the observed data,

X(S,n) and confounding spatial proceggs,v) are spatially inhomogeneous.
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First it is prudent to define what is meant by sigtinhomogeneous. A simple
definition is to say that a function is spatiallyhomogeneous if it is highly
variable over some regions of space and less vVariaber others. More
formally, consider a function that can be expressea function of space using
polynomial approximation. This function is spdi#iahomogeneous when the
order of the approximated polynomial is the samemwapproximated using any
local subset of the function. An example of a igigthomogeneous function is
provided in Figure 2.1. Note that a polynomial mpmation would have the
same order whether evaluated over region 1, redomr both regions

simultaneously.

Region 1 % Region 2

Figure 2.1: An example of a spatially homogeneous function

In contrast, a spatially inhomogeneous functionilai different orders across
different local regions. An example of a spatidltjhpomogeneous function is
presented in Figure 2.2. Note that this functian be approximated by a high

order polynomial over region 1 and a low order polyial over region 2.

Region 1 i Region 2

Figure 2.2: An example of a spatially inhomogeneous funcin
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| demonstrate that in these cases a Fixed SSEefficient and may produce
misleading results. | show that the implementatbra Local Adaptive SSE,
which applies locally varying smoothing parametees) increase efficiency and
permit identification in cases where a Fixed SSkhoa

3.0 Parameter Identification with Locally Adaptive Spatial Smoothing

Estimation

In essence the innovation of the Locally Adaptiyettl Smoothing Estimator
(LASSE) is to allow the degree of smoothing to vélgm locality to locality

across space. The degree of smoothing at any glartiocation is selected so as
to generate efficiency in the estimation of theapagters. Taking Figure 2, for
example, a locally adaptive smooth might adopt seteof smoothing parameters

over region 1 and another over region 2.

3.1 Improving efficiency through LASSE

Building on the presentation in the previous chapiet us now consider how
allowing for locally adaptive smoothing might impam the three identification
conditions previously derived for SSE. Again, tleeds will be on smoothing
implemented using local polynomial regression (LPIR)particular, | examine
the case in which the analyst adopts some fixedhwihh, h, but allows the
order of LPR to vary across locatidhd denote theN-vector of location-specific
orders of polynomial regression py,..;- Of course, it is possible to set each
local order of polynomial regression to the fixeder that is known to achieve
each of the identification conditions. As suchs tbptimal fixed order defines
the highest order that will be used at any locasanh thapj,.(n) < p* for

anyn.

12 An alternative would be to hold the order of paymal regression constant while

varying the bandwidth locally.
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In the LASSE, the identification conditions becomes

IC LASSE 1: There exists sonpg,.,; Whereby LPR estimate of the conditional

spatial expectation o is unbiased,

f(X|S, b, Plocar) = O (2.1)

As with a Fixed SSE, all of the spatial variatiam X is removed even if
Plocai(m) < p* for somen. As a result, moving to a LASSE does not provide

any efficiency gains over the Fixed SSE.

IC LASSE 2: There exists songg,.,; Whereby LPR estimate of the spatial

expectation of is unbiased,

fZIS, b Pigear) = 0 (2.2)

In this case it is possible to remove all of thatigh variation inZ whilst leaving
some spatial variation K. Moreover, recall thaa** is the lowest fixed order of
polynomial regression that satisfies IC SSE 2.p,}f,(n) < p** for somen,
then the locally adaptive estimator results in @atgr bias in the estimate of the
conditional spatial expectation &f. Of course, greater bias in that estimate
results in more variation in the smooth¢@nd this variation provides additional
data with which to identify the parameters of thedel. As a result, under this
condition, LASSE parameter estimates are likelyoéomore efficient than the
Fixed SSE.
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(a) (b)
Z
(c) (d)
Region 1 Region 2

Figure 2.3: IC 2 Spatially inhomogeneous data wherk > d
(Local order in paretheses)

Figure 2.3 presents an example of spatially inhanegus data for which a
LASSE would provide efficiency gains over Fixed SSH-or clarity, this
example presents a simple two-dimensional repraBentwhere the variability
of two functions X and Z, differs across two distinct regions, 1 and 2. ©haer
of X is high across region 1 but lower across regi@am@ the opposite is true of
functionZ. The order of the local polynomial approximatiasfsX and Z are

shown in parentheses in the Figure.

If the estimating model assumes the data-generptingess to b& = XS + ¢,
and is estimated using the Fixed Order SSE theh KoandZ would be
smoothed at the same level across both regiond 2.aifa > d then the second
identification condition is met anglis identifiable using Fixed SSE with order
b. However, a more efficient estimate could be imleid by smoothing using a
local order of polynomial regression obver region 1 and over region 2. This
locally adaptive approach would still achieve thgeotive of removing the
omitted variable and eliminating the bias in theapaeter estimates but would
also leave greater variation in the smoothed olesemariable over region 1,

which enhances the efficiency of the estimator.
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IC LASSE 3: There exists sonms,.,, Whereby the LPR estimate of the
conditional spatial expectations &f and Z are biased but the biases are

uncorrelated,

E[f (XIS, h, pioea)'f(ZIS, h, Ploea)] = 0
f(X|S,h, procar) # 0 (2.3)
f(Z|S,h, pigear) # O

Recall thap*** is the lowest fixed order of polynomial regresstbat satisfies
IC SSE 3. Ifpjyeqi(n) < p™* for somen then it is possible to remove the source
of bias in the parameter estimates whilst furtinereasing the efficiency of the
estimator by leaving additional spatial variatioarXi Consider Figure 2.3, while
it is known from identification condition 2 (IC 2hat it would be possible to
smooth outZ using orders ¢ and d over regions 1 and 2 resmdgtiv
identification condition IC LASSE 3 shows that itaynalso be possible to
remove the correlation between the bias comporardsncrease the efficiency
of the estimates by smoothing at orders less thandd over region 1 and

region 2 respectively.
3.2 Relaxing the Identification Conditions through LASSE

If X are purely spatial functions, and by using a fikaddwidth it is impossible

to smooth out the correlation betwe¥randZ without perfectly predictin,
then identification using a Fixed SSE is impossibldowever, it is possible to
identify the parameters of the model using a LASSthe local order o¥ is
greater than the local order Hfover some localised regions. In this case, a lower
order of polynomial regression is adopted in soeggons. Across those regions,
smoothing no longer perfectly predick¥ such that variation is left in the

smoothed data from which tifeparameters can be estimated.
Figure 2.4 presents a second example of spatidilgmnogeneous data for which

a LASSE would provide efficiency gains over FixeSES Ifa < d andp™™ =

p*=a, it is impossible to remove the correlation betweabe smoothed
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observed data and the smoothed confounding datewtiremoving all of the
spatial variation inX. In this case, the parameters of the model cabeot
identified using a Fixed SSE K is a purely spatial function. However,
identification is possible using LASSE with a locatder of polynomial
regression of over region 1 to remove the spatial componer#f,dndb over
region 2 to remove the spatial componentXofleaving the smoothed data
uncorrelated. This locally adaptive approach woadthieve the objective of
eliminating the bias in the parameter estimatespvidmg additional

identification over the Fixed SSE.

(a) (b)

(c) (d)

Region 1 Region 2

Figure 2.4: Identification under IC 3 with Spatially Inhomogeneous
Functions

(Local order in parentheses)

This intuition underpins the adaptive order apphodeveloped by Fan and
Gijbels (1995) for non-parametric kernel densityireation of functions. The
methodology can be combined with the propertieshef compound error,
é=Y —XpB, to develop an Local Adaptive SSE which not onbhiaves
efficiency savings over the Fixed SSE but also Esalidentification for a

broader range of data.
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In chapter 1 (section 5.2) | derived two sufficieainditions for identification

using a Fixed SSE,

CONDITION 1 (C1): Z is ap™ times differentiable function ANIX are NOT
purely spatial variables, such thpt 0.

CONDITION 2 (C2): X is p* + 2 times differentiabl& AND the bias in the

conditional spatial expectations ¥fandZ are uncorrelatetf

For the LASSE, IC LASSE 3 also translates intoiedtRufficient condition for

identification,

CONDITION 3 (C3): There exists some set of local adaptive smootbrdgrs,
Piocat, SUch thalff (X|S, h, pioca) aNAf(Z|S, h, Procar) @re uncorrelated AND

variation remains itf (X|S, &, procar) + 1-

This condition is automatically met when either CQINION 1 or CONDITION

2 are met and may hold independently.
4.0 Methodology

Fan and Gijbels (1995) develop a method for nomupatrically estimating a

function using an order that adapts locally. Cdessthe model,

B Here the (+2) is required so that iigh derivative of X is not constant and variation

remains in the smoothed data for identificatiomthle multivariate case it is necessary

thatn + 2 is the lowest order of € X.

“ A smaller bandwidth can be adopted in local linestimation to take into account
only closer neighbours where a linear fit is moewiate and in local quadratic
estimation a larger bandwidth will be adopted titisat the available data. As a result,
in absolute terms the difference in bias betweetalldinear and local quadratic
estimation will be smaller when an automatic banitlviselection criteria is used as

opposed to a fixed bandwidth.

64



X =a(s)+n (2.4)

WhereX is the dependent variablg s a two dimensional explanatory variable
denoting location such th&t= {S,, S,}, E[n] = 0 andE[S'n] = 0.

Sincea(S) can be approximated by the Taylor series expanfsioa(S) in the
neighbourhood aoX,, the objective is to estimatgs) by polynomial regression

with a fixed bandwidth h,

, a"(So) ,
a(S) = a(So) + a'(So) (S = So) + {— 1 (S = So) + -
2.5
af(So) (29
+ ol (S5 —Sy)P
It is convenient to rewrite this using matrix naiatas,
min (X — S,P) WX — Sp¥) (2.6)

WhereW is a diagonal matrix of kernel density weightss a vector of terms

relating to the coefficients on the terms in thé/pomial regression,

V1
y = < : ) and W = diag K, (S — So) (2.7)
Yn

AndSp is an(N x Xr_, k) matrix where thékp + j)** column is given by,

) K j
Sp(kp +j) = (51 - 51,0) (52 - 52,0) (2.8)
For0<k<Pand0<j<P.

The solution vectoy is estimated by weighted least squares regressidnisa

given by,
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?=(s,/Ws,)"'s, wx (2.9)

The first term iry relates to the parameter on a vector of ones imageession.

This provides a local estimate @fS) atS,.

The objective of the adaptive order method is tostwict the best estimate of
a(S), defined as the estimate that minimises the mgaars error (MSE). The
MSE is calculated as the sum of the squared bidsvanance of the estimate.
The optimal set of local smoothing parameters erefore chosen using a

minimum MSE criterion.

From equation (2.9) Fan and Gijbels (1995) derieirt bias and variance
expressions. The sum of the bias squared andahance is then minimised
with respect to the order of local polynomial resgien to obtain an estimate of

a(S) which trades off the bias and variance at eacivishaal point,

-1
E[7|S,] = (S, WS,) S,/ Wa
[ | P] ( p P) P_l (2'10)
=y+(s,'Ws,) S, Wr

-~ -1 ! ! -1
Var(y|Sp) = (Spwsp) Sp ZSP(SP WSp)
(2.11)
Wherea = {a(§,), ...,a(Sp)}, r is a vector of polynomial regression residuals,
r =a—S,y, andX is the diagonal matridiag{K?(S — So)a?(S)} both of
which are unknown quantities. To construct anneste of the mean squared
error, Fan and Gijbels replace these unknown qigstwith approximations

constructed using the data.
r is estimated byp + a)®™ order polynomial regression wherés the order of

local polynomial regression adopted ands chosen such that thp + a)™*

order polynomial regression provides an unbiasg@ceegmation ofa(S). An
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estimate of the conditional variance is obtainedstfiby assuming local

homoscedasticity of such that,
Var(vls,) = (S,/WS,) 'S, W2S,(S, WS,)” 02(Sy) (2.12)

An estimate ot (S,) is then constructed from the normalised weightsidual
sum of squares from th@ + a)** polynomial fit of the data with a fixed
bandwidth,h,

5\ 2
I(X-X)Ky (S-S
5(5,) = XX K0S = 50) 2.13
tr{W* —W*S," (S, W*S,") S,W*}

Where* denotes a design matrix, similarsp andW, with elements up to the

(p + a)*" order.

These approximations of the conditional bias anthwae can then be combined
to estimate the mean squared error (MSE) of theffiequation (2.4) at each
location for local polynomial regression of varioosders. The optimal local

order, or adaptive order, can then be chosen layrignthe order that minimises
the MSE at that point.

5.0 The Adaptive Order Procedure

The procedure detailed by Fan and Gijbels (1995adiaptive order selection for

estimating the density of a function is as follows,

Step 1: For each ordep ([0] <p < R) and for each location
obtainMSEg) , (S, h).

Step 2: For each ordetr and for each location calculate the smoothed
estimated MSE by taking the weighted local averafj¢he estimated
MSE in the neighbouring(h/A) + 1 locations.
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Step 3: For each locatighchoose the order; which has the smallest
smoothed estimated MSE and usg; arder polynomial approximation

to estimatex(s).

Where the analyst is interested only in approxiorstiup to ordeR. Fan and
Gijbels note that this adaptive order approach ceduthe sensitivity of the
estimate to the choice of bandwidth allowing theommn of a plug-in
bandwidth.

6.0 Extension to Spatial Smoothing

The insights and general methodology proposed hy &ad Gijbels can be

transferred to the method of spatial smoothinglitaio a good estimate of the
confounding spatial data generating procgss,In this instance the analyst is
faced with the additional complication Bfbeing unobserved. In this section, |
propose a LASSE, which incorporates Fan and Ggledfaptive order procedure
in a SSE.

The objective, as before, is to identify {Bigparameters in the model,

Y = X(Sm)B + Z(S,v) +¢ (1.8)

One approach would be to use Robinson’s (1988)oagpr and adopt Fan and
Gijbels’ MSE criterion to select locally adaptivengothing parameters in
estimation. However, this approach is problematice the MSE criterion is
attempting to find a best fit for Y, which can beheved by selecting local
smoothing parameters that remove all of the spasightion from bothX andZ.
To achieve greater identification and efficiency alternative approach is
needed. To address this problem | develop annalige procedure that
resembles a back-fitting algorithm (Mduller, 200d)augment the methodology
of Fan and Gijbels.
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The LASSE procedure begins by constructing an ainigstimate of the

confounding spatial datd, Consider an initial choice of fixed bandwidt?
and set of orders of local polynomial regressioRRI. for each point which are
initially set to zerop,. An initial estimate of is then provided by taking the

conditional spatial expectation of the residuald.ByR with local ordersp,,

2py = EpyilY — XBolS] 10
= Epy (B~ Bo)X +Z + ¢S] |

Where,
Bo= XYX'X)" (2.15)

The initial estimate of is then used to obtain a revised estimatg dfy

subtractingZ from Yand re-estimating, again using LPR, such that,
Bi=X(Y-Z,)X'x)™ (2.16)

At this point, the procedure then uses the meaargsguerror criteria developed
by Fan and Gijbels (1995) to determine whethemtwvaase (by one) the local
order of smoothing at each point. The new setrders,p4, is then used to
reviseZ. This process is repeated until the adaptive rocd@verges. The
intention is to hone in on an unbiased estimatg bé&fore removing all of the

spatial variation irX.

If the estimate op at iterationt, ﬁpt, is biased thelé?pt will contain bothZ itself
and a multiple ofX. In these cases it must be true that at somasthie order
of Z or X exceed the current local order of spatial smogthiflence, the mean
squared error of the estima‘igt at these local points will be smaller under a
larger order of spatial smoothing. This procesB @ontinue until the point

where either i) the bias '[ﬂ?pt is removed and the method selects the appropriate

' This could be selected, for example, by a plugandwidth, an asymptotic plug in,
cross validation etc (Hardle and Marron (1985).
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local orders required to smooth dlbr ii) X is completely smoothed and the
estimate off will be distinct in that it will be mean zero witlarge standard

errors.

The iterative approach is necessary in order tadavothX andZ being entirely
smoothed out in the first stage. The adaptive otktias the potential to provide
improvements in efficiency and also enables idmatiion under a third
condition: where, for a fixed bandwidtth, and a set of local adaptive ordgss,
the global correlation between the smoottkednd Z is zero but variation

remains in the smoothed

This condition guarantees that the iterative pracedvill achieve an unbiased
estimate ofZ from which the optimal adaptive order of smoothiogn be

determined and an efficient estimatggotan be obtained.

7.0 Monte Carlo Simulations

To investigate and compare the performance of FI&E and LASSE, |
undertake a number of Monte Carlo simulations. hEsimulation comes from

the spatial data-generating process,

Y=XSnB + Z(S,v)+e (2.17)

WhereX andZ are generated as polynomial functions of spachke dbserved
and unobserved variables were generated as polghdiomctions of two-
dimensional location; this is the same approachvas adopted in the Fixed
Order SSE simulations presented in Chapter 1 (setos 6.0). Two types of
data generating processes were adopted: i) spatiathogeneous polynomials

and ii) spatially inhomogeneous polynomtéls

1% Joining two polynomials creates a point where thsgulting joint function is not

continuous and differentiable with finite momentgaplating Robinson’s (1988)
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In each Monte Carlo simulation | set,

p=-1 (2.18)
n=0
v=20

Three versions of the model were constructed byingrthe maximum local
orders of X andZ to create data relating to conditions C1, C2 aBdpgage 62).

) Locally Adaptive
Fixed Order SSE
Order SSE
Identification Maximum Local R R
Condition Order Prsse Prasss
Spatially Homogeneous Functions
X=5 -1.039 -1.015
Condition 2
Z=3 (0.345) (0.111)
Spatially Inhomogeneous Functions
X=5 -0.928 -0.955
Condition 2
Z=2 (0.273) (0.071)
N X=5 16.190 -0.902
Condition 3
Z=6 (57.357) (0.169)

Table 2.1: Simulation results for Fixed Order SSEand Local Adaptive
Order SSE

Table 2.1 presents the maximum local ordersXo&ndZ in each set of
simulations alongside the results from the MontddCsimulations. The results
in Table 2.1 demonstrate the scope of the poteetiaiency gains that can be

achieved by employing the adaptive order estimanren the second

assumptions. A gap in the data was therefore teebetween the join of the

polynomials to ensure that the functions maintaime@nalytic quality.
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identification condition is mét. Even in the example where both functions are
spatially homogeneous the Adaptive Order SSE aebiev reduction in the
standard errors of 68 per cent by adopting a lawder of smoothing at local
points whereZ is less variable. Similar results have also bebtained for
differing polynomial orders foX and Z, although the magnitude of the
efficiency savings varies depending on the degreénlmomogeneity in the
omitted spatial variable. Row 3 of Table 2.1 itrases estimation under the third
identification condition. Here, the Fixed SSE $ai identify the parameters as it
is forced to smooth out all of the variation in tbbserved variableX. In
contrast, the LASSE is able to identgythrough adopting a lower order of
smoothing in some locations, thus leaving variation X to facilitate

identification of the parameter.

8.0 Discussion

The Fixed Order SSE can be implemented to idefitifiyhen either of the two
identification conditions, CONDITION 1 and CONDITMN 2, derived in
Chapter 1 of the thesis, are met. In these cdsesl order SSE overcomes
many of the limitations of the traditional spatiaconometric estimators.
However, it then becomes important to be able entifly whether these two
conditions are met, since if they are not, the patar estimate, may not be a
reliable estimate. An alternative approach isnpley a Locally Adaptive SSE
(LASSE). In this chapter | have developed a LASS8Ewvhich adaptation is
achieved through choosing a location-specific oraér local polynomial
regression. That choice is based on the methodestem by Fan and Gijbels
(1995). The LASSE has the potential to providecifhicy gains over the Fixed
Order SSE and enables identification under a relae¢ of conditions.

7| do not discuss the second identification conditiere but would like to note that the
conclusions remain unchanged. Further resultsaseglable from the author upon

request.
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PART Il
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INTRODUCTION TO PART II

Part | of the thesis was concerned with an examoinatf how the spatial nature
of economic problems can affect analysis and imi@zein the context of
estimating parameters from a reduced form equafldve adoption of semi-
parametric estimators, which address potentialtechitariable bias, is beneficial
when the primary objective lies in recovering atigatar parameter value, for
example, in estimating willingness to pay (WTP) &omarginal change in a non-
market good from a hedonic price function. In tbatext of Part I, the objective
was to eliminate confounding spatial variables addntify unbiased and
efficient parameter values. Part Il moves on toswmer situations that are
explicitly concerned with understanding the spapiadcesses, which determine
the distribution of households. In particular,tRaconsiders how to model such
spatial processes in order to evaluate the impégboticy changes on the
provision of endogenous public goods and, ultinyateh household welfare. To
facilitate this Part Il progresses from the redudedmn representation of
equilibrium to a class of Equilibrium Sorting ModgESMs), which provide an
agent based modelling approach that considersniegaction of households,
landlords and governments across the urban lanescdpart Il extends the
framework of ESMs to include endogenous tenure cgh@ind uses this new
model to examine the magnitude and distributiorweffare changes resulting

from policy changes.

These models were originally developed in attertppesxplain observed patterns
of socioeconomic and racial segregation, howewefléxibility of the modelling
framework lends them to the analysis of many othBeonomic problems
including addressing questions about environmguastice, deriving estimates of
willingness to pay for non-market goods and preudlictgeneral equilibrium

adjustments to policy changes.
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In previous applications of ESMs the tenure choickouseholds has not been of
primary concern. As a result the models have dgesl under the assumption
that all households rent properties from abserdedlbrds. In a static context
this simplifying assumption does not appear renmaykanwarranted, however
consider the distinction between renters and owmnerthe face of a policy
change that improves the quality of a neighbourhodebr simplicity let us
assume that property prices would rise in resptmsgcreased competition. For
renters this is a burden that reduces the gaioslity from the improved quality
and may even force them to relocate to an arealastier quality. In contrast,
an owner would experience a rise in the value eirtasset. This could enable
them to move to an area with even greater qualityis clear from this simple
example that the tenure status of a householdal@r how it is affected by a

policy change.

Building upon the existing literature, | develop spatially explicit

microeconomic model that unites household locatieaisions, landlord supply
decisions and government policy decisions, whilsutaneously accounting for
the endogenous provision of local public goods.e Tiodel developed in this
thesis extends beyond the current literature byrpmrating an endogenous
tenure choice and exploring the disparate impaqgbadicy changes on renters
and owners. Introducing homeownership leads td pkpendency through
capital gains. This is complemented by the intobidm of housing stock

constraints that determine how the stock of propertan adjust in response to

policy changes.

The work presented in the following sections is pheduct of research that was
undertaken with the involvement of two institutiodsizona State University
(ASU) and The Department for Transport. My work B8Ms began with an
interest in the work of Nesheim (2002), which pregsean ESM exploring the
sorting of heterogeneous households across locatiased on differences in
school quality. In the same paper, Nesheim adései®e hedonic estimation
problem in a single market, using restrictions deved from his ESM to
introduce non-linearity into the system, which soge the identification of

parameters from the hedonic price function. Howewey interest in ESMs
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developed with a greater focus upon their usefslfi@sexploring feedbacks and
endogeneity within the system and the implicatiohghese processes for the
magnitude and distribution of impacts upon housdholThis led to an interest
in understanding the role of the property market tie mediation and

redistribution of welfare gains. Of course, theperty market influence occurs
through adjustments in prices. In understanding tiogv property market can

redistribute across households, it is thereforeinadto explore how these price
adjustments affect individual households. A keyedainant of this is tenure

choice. Indeed, tenure choice plays two centrdaisrd-irst, initial tenure status
determines how a household is affected by a changece that alters the cost
of its current consumption bundle. More specificalenters face a higher cost
when rental prices rise whereas homeowners artlstifrom such burdens and
may instead benefit from capital gains when pritgs. Second, tenure choice
presents households with the flexibility to switbktween tenure options in

response to changes in prices.

My work on ESMs began with an exploration of théserg literature with the
intention of considering tenure choice within tbatext. The work presented in
this thesis was part funded by the Department fan3port, as such my initial
objectives were driven by an interest in transpaticy and the environment.
However, at the onset of my research into ESMsd featunate in successfully
obtaining an Overseas Institutional Visit awardniraghe ESRC. The award
enabled me to attend a series of advanced leatur@&snvironmental economics
and work on developing an ESM paper at ArizonaeSthtiversity. This was an
incredible opportunity to work with academics aé tforefront of the current
research into ESMs including Professors Kerry Snaitld Nicolai Kuminoff.
During my visit | made significant headway in deyghg my ESM with an
endogenous tenure choice and was inspired to wakdeen application of this
model to the issue of Mortgage Interest DeductidiD( in the United States.
This led to the third paper presented in this thesi

Upon my return to the UK | returned to working opplying the ESM with
endogenous tenure choice to problems involving lieed& changes in

environmental quality. This included collaboratimgth the Department for
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Transport to explore the usefulness of ESMs fotyairay policy changes over
medium to long-term time horizons. To provide aetuid transition from part
| to part Il of the thesis the ESM papers are nasented chronologically.
Instead, the work developed with the Departmenflfansport is presented first
and the application of the model to the more gdnecanomics problem of

reforming MID policy follows.

The first paper develops an ESM with endogenousréenhoice and uses it to
explore the divergence between conventional weldaraysis based on a static
partial equilibrium approach and a general equilifar analysis which accounts
for adjustments in the property market as househoddbcate in response to
policy changes. To explore policy questions usthgg framework it is
necessary to either estimate or calibrate the modghis involves making
specific assumptions about the structure of thenewry, for example, the
number of neighbourhoods, the distribution of ineomnd preferences, the
definition of environmental quality and local pubtjoods etc. To illustrate the
mechanics of the framework, | calibrate a stylirgd-neighbourhood version of
the ESM model. Although this stylized model coddd calibrated to any
location, | calibrate it to the town of PolegateggsE Sussex in 2001 using data
from the Census, Expenditure and Food Survey, hquee databases and
Ordnance Survey GIS data layers. The choice okdadé was motivated
partially arbitrarily and partially as a result tie construction of the A27
Polegate Bypass which provides a suitable policyivaton for the analysis.
The two neighbourhoods are labelled “Town Centr@d dSuburbs” and
households have preferences defined over proxifmaty the centre of the town
and exposure to road noise from traffic. | consitie impact of constructing a
bypass, which runs around the outside of the sisbaml diverts traffic from the
main road that runs through the town centre.

This policy application serves to demonstrate thiéty of the model to capture
the magnitude and distribution of welfare changeghe initial policy change
induces behavioural responses that propagate thrabg property market
affecting capital gains, housing supply and incdmen rental properties. The

simulations illustrate the complex nature of thadpistments and indicate that a
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partial equilibrium analysis provides an incomplgtieture of the resulting
welfare effects. Furthermore, these complex adjasts distort targeted policies
and redistribute benefits from renters towards owne This suggests that

environmental policies may be a poor tool for restion.

The second paper presented in Part Il uses a a@ibwversion of the model to
investigate the impact of reforming Mortgage Ing¢r@eduction in the US. The
model is extended further to allow homeownershimtiect the provision of

local public goods, leading to a model in which grevision of local public

goods is endogenously determined. | simulate amdpare the distributional

impacts of four policy reforms: a Cap on MID, atHRate MID, a Tax Rebate
and a New Owner Payment. The results highlighiraber of interesting issues:
first, they highlight the disparity between rentensd owners. Second, they
illustrate the prevalence of path dependency catisedgh homeownership and
housing stock constraints. Finally they demonstiadw the features of the
model can interact with policies and create a dsd®tween policy design and

policy outcomes.
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CHAPTER 3

Why welfare analysis in environmental economics siply cannot
afford to ignore tenure
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1.0 Introduction

Many projects and policies result in environmentapacts that differ across
space. Consider as examples, the constructionr@Ewapark, the closure of a
landfill site or the project that motivates thigppg the building of a bypass that
directs road traffic around rather than throughown, In evaluation such
projects, policymakers often wish to quantify thenéfits of the change in local
environmental quality in such a way as to enableHiaks-Kaldor type
comparison of the costs and benefits to be maltkeaddition, the importance of
distributional impacts of environmental changes basome the subject of
increasing attention and concern (Liu, 2000). &tjehe remit of policymakers
Is increasingly driven by the environmental justiagenda (Walker, 1998,
Walton and Shaw, 2003, Poustie, 2004) and has bégunonsider how
environmental planning and policy can be utilisedadool for redistribution. In
the US this process has been underway for thethasidecades following the
publication of the Commission for Racial Justice287 Toxic Wastes and Race
in the United States, with the incorporation of iemwmental justice
considerations into the working directives of thaviEonmental Protection
Agency and other environmental planning agencieslér). In the UK,
environmental justice concerns have developed mstoely. Following the
publication of the Friends of the Earth (FOE) (1P8port on pollution injustice,
there has been a growing body of evidence linkimgrenmental problems and
social injustices in the UK (ESRC Global Environrt&rnChange Programme,
2001, Walker, 2003). In addition, increased aitento environmental justice in

EU and UN?® directives and initiatives like the Aarhus Convent(1998}° have

18 Declaration of the UN Conference on Environment abivelopment,

http://www.un.org/documents/ga/confl51/aconf151386¢kex1.htm
World Charter for Nature UNGA

9 Aarhus Convention on Access to Information, Pulibarticipation in Decision-

Making and Access to Justice in Environmental Mat{&998).

Convention on Biological Diversity 31 ILM (1992)

Convention on Civil Liability for Damage Resultiigpm Activities Dangerous to the
Environment, 32 ILM (1993)
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raised the profile of these issues and encouraped UK government to
incorporate environmental justice into its poliaydadecision making (Walker
and Bickerstaff, 2000).

To illustrate the challenges involved in assessimgmagnitude and distribution
of welfare effects, consider the example of thestaction of a bypass road that
seeks to reduce the flows of through traffic frohe tcentre of a town.
Implementation of that policy would result in a ety of spatially defined
impacts. Those living closest to the town cenfioe,example, might enjoy the
greatest improvements in quality while those livicigsest to the new bypass
might experience the largest losses. Conventipr@géct appraisal would seek
to establish the benefits of building the bypase&tymating how much residents
in those different locations would be willing toypdor potentially willing to
accept in compensation) for the changes in enviesriah quality that they
experience. | shall refer to this standard pracéis thestatic approactsince it
assumes that the residents make no behaviouralgebaim response to the
changing conditions brought about by the constoactdf the bypass. The
suitability of this static approach for evaluatipglicy changes that precipitate
wider behavioural responses is the subject of aiganmg debate (Just et al.,
2004, Klaiber and Smith, 2010) with many arguin@ttithe approach is
insufficient and inaccurately represents the urnyilegl welfare effects (Goulder
and Roberton C. Williams, 2003, Smith and Carb@®87, Carbone and Smith,
2008, Bayer et al., 2009, Klaiber and Phaneuf, 20h0particular, as a result of
Tiebout’s (1956) hypothesis stating that househgidschase environmental
quality through their location, environmental chasgmay alter household
behaviour through, for example, relocation in theperty market, adjustments in
the labour market and changes in recreation siteceh (Kerry Smith et al.,
2004, Sieg et al., 2004, Tra, 2010).

Residential location, for example, is mediated tigtoa set of adjustments in the
property market. These adjustments are extremalgptex and can have a
substantial impact upon both the magnitude andilligion of welfare effects
resulting from an environmental policy. Environrten economists are

beginning to get a handle on the mechanisms at twdugh the estimation and

81



simulation of equilibrium sorting models (ESMs).hese models are particularly
suited to this area as they explicitty model andirahterise the equilibria
resulting from the interaction of households, land$, government and property
suppliers in a system of local neighbourhoods (E@pld Platt, 1998, Bayer et
al., 2004, Ferreyra, 2007, Kuminoff et al., 2010)Over the last decade, the
complexity of ESMs and the range of applications kapanded very rapidly
(see (Kuminoff et al., 2010) for a thorough revieWthe development of this
literature). Smith et al. (2004) , Sieg et al (2p@nd Tra (2010), for example,
use the ESM framework to evaluate policies relatmgair quality in the Los
Angeles area. Ferreyra (2007) explores the imphtarge-scale private school
voucher programs in the Chicago metropolitan argaguan ESM approach.
Likewise, Walsh (2007) uses the ESM framework tanexe policies aimed at
preventing urban sprawl in North Carolina. In eathithese cases, the authors
have demonstrated how feedback effects have majacypimplications. For
example, Walsh'’s policy simulation shows how insieg the amount of land in
public preserves can actually decrease the totabiatof land in open space in
the metropolitan area. The structure of ESMs psrthiem to be used not only
to estimate preference parameters, but also tahese estimates (or calibrated
values in their place) to solve the model undemeeddiactual policy scenarios,
taking into account the general equilibrium impa€tpolicy change through

spill-overs, feedbacks and endogeneity.

ESMs attempt to reflect the true complexity of thederlying problem being
studied. The purpose of this paper is to contebitt that endeavour. In
particular, while much progress has been madermstef developing the ability
of the ESMs to capture the discrete nature of tingply of environmental
amenities and reflect a wide range of householdrbgéneity, other important
aspects remain undeveloped. Specifically, thisspapeks to extend the ESM
framework to incorporate two important elements tbé property market:

housing supply and tenure choice.

In an ESM of a property market, an equilibrium loé tmodel is defined as a set
of set of prices that equate the quantities of mgusupplied and quantities of

housing demanded. Whilst the specification ofdamand side of the model has
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been well-studied (Epple and Platt, 1998, Bayel.e2004, Ferreyra, 2007), the
supply side has often been specified in a hightgpsified manner. In most
empirical applications of ESMs the usual assumpsdhat either the total stock
of housing remains fixed (Bayer et al., 2004, Ke8mngith et al., 2004, Ferreyra,
2007, Tra, 2010), or there exists some constastielky of supply function for
the construction of new housing (Sieg et al.,, 2004Ish, 2007, Epple and
Ferreyra, 2008, Epple et al., 2010). The implaadi of simplifying the housing
supply function depend upon the way in which hogss defined within the
model. Different approaches have been adoptedfereht ESMs, in this paper
| focus upon the model developed by Epple and R1#98). In this model
housing is defined as a continuous good using dexing procedure to convert
expenditure on housing into a quantity measurenddfin terms of homogeneous
quality units of housing (the mechanics of thisvasion is detailed in Sieg et al
(2004)). In this context, fixing the total stocktwmusing implies restricting the
total number of homogeneous quality blocks. In ynai the empirical
applications these blocks can be repackaged atosbinto any of the other
possible combinations. This allows blocks to lamsferred between households
but with a fixed housing supply new developmentas permitted. The first
objective of this paper is to develop a more réalimedium to long run housing

supply specification.

Secondly, the majority of empirical ESMs assume #lahouseholds are renters
who pay rents to an absentee landlord (or landjord#/hile this approach
reduces the computational complexity of the modebe¢ solved, there are a
number of good reasons to believe that renterscavers might be affected
differently by environmental policy changes. Tdustrate, consider an
environmental improvement that leads to an incr@askemand for housing in a
particular neighbourhood. As demand increasesgpralso increase so as to
clear the property market. Renters in the neighmad would face increases in
rents, which, in the medium term, may force therh afuthe area. In contrast,
for homeowners in the neighbourhood a price riggresents an additional
option, not only can homeowners choose to stayhen drea and enjoy the
improvement in environmental quality, they may @&t choose to sell their

housing, thus benefitting from capital gains, anelocate to another
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neighbourhood. In some cases, this process nucénthe gentrification of a
neighbourhood in light of a local improvement inatity (Banzhaf and Walsh,

2004, Sieg et al., 2004). Clearly, these mechasisave important implications
for the distribution of welfare effects across eratand owners. Moreover,
changes in prices lead to changes in rental reenbmean all-renter model these
benefits flow directly to absentee landlords. Hwere in this paper a more
realistic design is adopted in which rental reversieecycled to households.
Since, empirically, wealthier households are mdkely to own a share of the
stock of rental housing and are also more likelyoten their own home, the

model developed here provides a second channelighravhich the welfare

effects of a policy may diverge between owners randers.

Our discussion thus far has sought to establishntipertance of understanding
the role of tenure choice in order to capture saithe feedback mechanisms
and model the distribution of welfare effects fallng a policy change.
Furthermore, our illustration demonstrates how &l households might
capture the benefits of an environmental improvdnemen when the policy
itself is initially spatially targeted towards peorhouseholds. Conversely, a
reduction in environmental quality may lead to Wagsdor poorer households
through reductions in rental costs that offset émironmental loss whereas
homeowners face either lower environmental qualitycapital losses if they
wish to relocate to another neighbourhood. Irctice, these capital losses are
often covered by compensation. For example, inUlKeby Part 1 of the 1973
Land Compensation Act, which reimburses homeowfargeductions in the
value of their properties resulting from changes environmental quality
resulting from public works. Since compensatiorpad to homeowners only,
there is good reason to believe that current gdievork to protect owners but

not renters from changes in environmental quality.

In this paper | develop an ESM with an endogenenare choice, rental revenue
recycling, a more realistic housing supply functiamd a compensation
mechanism. That model provides a means of examitiie magnitude and
distribution of the welfare changes caused by acpathange. The model is

illustrated through a simplified simulation exeecigalibrated to reflect the
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features of a real environmental policy change:dtestruction of the Polegate
A27 Bypass, in the county of East Sussex in the UKe mechanisms at work
in the model are complex. To intuitively demongdrtite key features/capacities
the calibrated model presented in this paper igllyhsimplified version of the
model with just two-neighbourhoods. The simulati@xercises reveals
significant differences between the welfare effeatsthe construction of the
Polegate bypass as identified by a static analgst those identified in the
general equilibrium analysis. Both the magnitudé distribution of the welfare
effects are altered once medium to long-term anljests are accounted for. The
model suggests that those adjustments tend to ehatie benefits of
environmental improvements to owners and away frenters. Rental revenue
recycling and compensation for homeowners furtheacerbate that process.
The paper concludes with a discussion of the irmpbas of our findings and a
commentary on the further developments that aredeteéo enable ESMs to be
adopted by policymakers as a tool for accuratebessing the magnitude and
distribution of welfare effects of policies or peojs that result in localised

environmental change.

2.0 Housing Supply and Tenure Choice

Following Binner and Day (submitted to the JourmaPublic Economics), this
paper uses the theoretical framework of Epple alatt PL998) as a point of
departure. Two major innovations are introducEttst, a more realistic medium
to long run housing supply specification is develbp Second, an explicit tenure
choice is introduced and households are permitiealter their tenure status in

response to changes in conditions.

2.1 Housing Supply

The nature of the housing supply function depemidiealy on the time horizon
under consideration. In the short to medium teousing is likely to be fixed.

In the medium to long term there is scope for newstruction to take place and

for the existing housing stock to be modified.
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In ESMs of the property market, the standard assiomps that housing is
supplied in homogeneous quality/quantity blocks t@n be purchased at some
market price. Within the model households’ decidevimany of these blocks
they wish to purchase. Buying more blocks imitaelsousehold purchasing a

better quality/larger sized property.

With this building block representation of housisigpply responses to changes
in market conditions are typically handled by allogvfor changes in the number
of blocks available for purchase. For example, mlmer of authors specify a
constant elasticity of supply (CES) supply function housing blocks (Epple,
Romano and Sieg, 2010, Fernandez and Rogerson, Ha88trom et al, 2003).
Of course, such a specification implicitly assurtiest the supply of housing in
any neighbourhood can be expanded without limitasgumption that is clearly
unrealistic. Another popular specification, whicko@ls that critique, is that the
number of housing blocks is fixed (Bayer et al.020Kerry Smith et al., 2004,
Ferreyra, 2007, Tra, 2010). Both these specifioatiohowever, make the
untenable assumption that housing blocks can kéesely repackaged from one
particular configuration of properties into anotharneighbourhood of 50 two
block properties, for example, can be transformeihout cost into a

neighbourhood with 100 one block properti&s.

In this paper two housing supply specifications emaesidered and compared.

20 The housing stock is comprised of supply from a benof submarkets including
new builds and conversions. In the UK conversiacsounted for 5,240 (3.9 per cent)
of the 134,900 increase in the number of propelitie2011-12 (Housing Statistical
Release, 2012) Although repackaging, also refdoexs conversion, has been discussed
in a number of papers which point to costs arisfrgm bargaining, regulatory
requirements and construction costs (Capozza andlejle 1989, Pogharian, 1990,
Rothenberg et al., 1991, Montgomery, 1992, Maddist®d00), the housing supply
literature has focused on new construction anda assult, it is difficult to find any

empirical work quantifying the extent of these sost
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First, the conventional fixed supply of total howgiblocks. Second, a new
specification that allows flexibility in the supplyf housing blocks within a
neighbourhood but also limits the number of indinatl properties constructed
from those blocks that can be accommodated wittahrieighbourhood .

2.2 Tenure Choice

The vast majority of empirical applications of ESMsat all households as
renters (Kuminoff et al., 2010) , the exceptions Bpple and Platt (1998) who
consider a fixed proportion of the population todveners with the proportion of
owners increasing with income and Bayer et al (200Bo treat tenure as a
characteristic of the housing stock. In realibhgre are a number of tenure types
from which a household can choose with a key disbn being between
ownership and rentiry. To integrate an endogenous tenure choice into an
ESM, households are provided with a choice betwesting housing or
purchasing it. The appeal of owning as opposeceting one’s home may
differ across the population. In reality the tenudecision is dynamic and
multifaceted, concerning issues such as borroworgsttaints, attitudes to risk,
wealth, transaction costs, the utility derived fraohieving social status through
ownership, preferences for property maintenance sman. In this model |
condense these dimensions into a single metricgfanence for homeownership,
which captures the additional utility that houselsotlerive from housing units
when they own them. This preference parameteefised such that, for a fixed
price for housing blocks, some households may prefging while others may
prefer owning. In addition, purchasing housinguiegs a household to take out
a mortgage, leading to the payment of a mortgatgrast payment that is not
incurred by renters. The size of mortgage neededl lgusehold is determined in

part by the loan-to-value ratio of their mortgage.the model, loan-to-value

2 Although this point has been raised in a numbehebretical papers (Epple & Platt
1998, Bayer et al. 2004) it has received littlenfat attention in the development of
ESMs.
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ratios differ across households partly in respdonsgifferences in a household’s

income.

Tenure choice introduces a second discrete componém the residential
decision: not only do households have to chooserdmt neighbourhoods, but
they also have to choose whether to rent or puectiasir home. As a result,
richer patterns of substitution are allowed by thedel. Since, tenure status has
important ramifications for how a household is efiéel by policy changes, how
it can respond to them and thus how its welfagdfescted, the choice of tenure is
an integral part of a household’'s residential choidvioreover, by explicitly
accounting for tenure status it is possible forepttl capital gains (and losses)
to be modelled when owners consider relocating.a Assult, the model provides
a means of examining the differential impact ofigolreform on renters and
owners. As far as the author is aware, this isfits time that the welfare
implications of these tenure based property maeatures have been explored
in the context of an ESM. More importantly, in thienulations reported in this
paper, tenure is shown to have a very significafiiénce on the welfare effects
of policy changes. As such, | contend that theirtitibn in tenure status is of

crucial import in policy analysis.

3.0 The Model

Consider a closed spatial economy consisting osélooldsj = 1...1. The model
is “closed” in as much as households are not alflbteemigrate into or out of the
economy and “spatial”’ in as much as households raalteice as to the location

in which they reside within the econorffy.

22 The closed economy model discussed here makes dksegnptions: i) there is no
immigration in, ii) there is no emigration — thouglith the Cobb Douglas utility is
bounded by zero since households can opt not tesuco@m any housing which is

equivalent to a zero utility outside option anjlitiiiere is no population growth.

In the event of deterioration in quality, the aahility of an outside option providing

some positive level of utility could lead to moreopounced reductions in price to
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Households differ in their incomeg, preferences for quantity of housiry,and
preferences for homeownershif,. The preference for homeownership
parameterg, represents the private returns to homeownershtigipated by a
household. The motivation for including this paréenestems from i) the
freedom homeowners have to modify their housindpér personal tastes, ii) the
satisfaction of achieving homeownership statusigntthe financial returns from
capital gains. These private returns may diffeosshouseholds for a number of
reasons: i) households may differ both in theitigbio modify housing and in
the costs that they face to do so and ii) they uhfer in the satisfaction that
they derive from the status of owning their homke Tistribution of household

types across the population is defined by the jombltivariate density
function,f (v, 5, 9).

The economy is defined by a geographical regiorcivis divided up into a set

of spatially discrete neighbourhooglss 1,...,J. Each neighbourhood provides

a vector ofK local public good®, g; = {g;1,9j2 --,9;k}- The provision of

maintain demand as households emigrate. Likewjis&ljity improvements would draw
in households from the outside population (thoulgis tvould be mediated through
moving and transaction costs) and push up pricedengally leading to the

displacement of incumbent residents by incomers.

It would be possible, though not trivial, to extettte model to incorporate these
additional complexities. The particular difficukidie in characterising the income and
preference distribution of the outside populaticmaracterising the outside option and
how it evolves in response to policy changes andeiiming welfare in these settings,
for example extended in the model to include migratand an “outside” population
raises questions whether a local authority is @sed in welfare increases accruing to
new residents and those affecting households wde@léhe area? These questions have

ethical and political dimensions as well as beirgghudological.

2 In this paper local public goods are consideredogo exogenously determined,

however, more generally, local public goods maytmprised okexogenouglements,
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these public goods is assumed to be homogeneohis &igiven neighbourhood.

Households decide in which of tA@eighbourhoods they will reside.
3.1 The Demand Side

To reside in neighbourhogdhousehold must purchase or rent housing in that
neighbourhood. The decision to reRt,or own,0, housing is referred to as the
tenure choiceThe set of tenure optionsTis= {R, 0}. Accordingly, the model is
characterised by households’ residential choicesinedd by a neighbourhood

and tenure bundlgj, t}. The set of residential choices is given®y Jx T.

Households must also choose how much of their irctspend on housiffy
Following previous treatments (Epple and Romer,11%pple and Platt, 1998,
Epple et al., 2001, Bayer et al., 2004, Ferreyf)72, housing is defined as a
homogeneous good that can be purchased at a copstannit price within a
neighbourhootf. Housing is supplied in neighbourhopdt a per unit property
price,p;. The quantity of housing demanded by househaicheighbourhoodl

for tenure type is denoted,

hi,j,t = hj,t(plg; y,ﬁ,9) (31)

zj ., such as environmental quality, transport infredtire or proximity to a central
business district, anéndogenouslementsg;,, the level of provision of which is
dependent upon the composition of the set of haldshthat reside within the
neighbourhood, such that = {z 4, ..., Zjx,qjk+1, -, ik} - See Nesheim (2002),
Nechyba (2003b) and Ferreyra (2007).

% |n the model, households choose the number of ihgusnits that they wish to
consume, a decision approximating real life chomesr the size and type of house to
buy or rent.

5 |n reality housing is not homogeneous, howeverSieg et al (2002) illustrated, if
housing enters the utility function through a subetion that is homogeneous degree
one, it is possible to construct a "housing gughtndex tantamount to an empirical

analogue to the homogeneous housing bnit,
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Wherep is a vector ofper unit property prices in each of the neighboadso

andg is a vector containing the local public good indi@xeach neighbourhood.

To become a homeowner a household must take oubrégage® and pay
mortgage interestn;, to the lender. Differences in the mortgage rateoss
households can be interpreted as representing ftfferirdy abilities of
households to secure a mortgage and bargain fapehénterest rates. Mortgage
interest is paid only on the amount borrowed, whsgcequal to the product of the

loan-to-value ratio,§;, and the value of the housing purchaspgh; ;. .

Differences in the loan-to-value ratio represerffedences in the ability of

households to make a down-payment on housing.

Aggregate demand for housing units conditional esidential choicej, t}, is

calculated by integrating over all households,

o= [ [ [ hye-r .00y (3:2)

3.2 The Supply Side

Housing is produced using land and non-land inpitse supply of land

available for supplying housing;, may differ between neighbourhoods. As a

result, the supply of housing may also vary betweeighbourhoods. The

housing supply function for a particular neighbagoti is denoted,
H? = f,(L;, pj, Dj,my) (3.3)

L; is the share of total land available in neighboody andp; is the price of
housing in neighbourhood j. The population sizelesoted byy;. The largest

population that can be supported by a neighbourl®eadpped by introducing a

capacity,D; . As the population increases towards the capatiéy housing

8 For simplicity, the model assumes that all housghaoditially take out a mortgage.
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supplied at a given price declines as the margowdt increases. This
specification enables density restrictions to beuided in the model so as to
capture constraints on the number of properties tten be built in a
neighbourhood more realistically.

Traditionally ESMs assume that absentee landlonds the stock of rental

housing. This approach leaves the model open vathesof the costs and/or
benefits of policy change flowing out of the econorit is possible to alter the
model set up to allow rental revenues to be retlitaehouseholds, as if some of
those households were themselves landlords. Inmnibdel, that process is
approximated by treating all or some of the stotkemtal housing as being
communally owned and specifying the shares thasdlonids have in this stock.

Households each receive a share of the total rental revenued,= ¥ p;H7,

in accordance with their shares in the stock. Aantiog for such rental revenue
recycling enables us to consider how changes italreevenues feed back

through the economy.
3.3 Government

In this paper the role of government is limiteddecision making about the
location of a bypass that is known to impact envinental quality and the
administration of compensatigh The payment of compensation is modelled on
Part 1 of the Land Compensation Act 1973, whereloyndowners are
compensated for reductions in the value of thewsihmg resulting from the

environmental damage generated by the public works.

34 Local Public Goods

%’ This is not a restriction of ESMs in general. Thedels are capable of encompassing
a variety of behaviour, for example governments theay income and property taxes,

fund expenditure on public goods, set productiand#rds or provide subsidies.
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Households derive utility from the combined prowisiof the local public goods,

which is represented by the index of local pubbods provision,

K
gj = Z Yrdjk
k=1 (3.4)

Wherey, is the weight placed on tHd" element ing;28. For simplicity, the

calibrated simulation exercise developed in théowhg sections assumes that

the index combines levels of two exogenous pulbindg,
9i=9j1tVYgj2 (3.5)

y is the weight that households placegn relative tog; ;. It is assumed that
is the same for all households and across neighbods, such that households
agree on the ranking of neighbourhoods in termgshefr local public good

provision.
3.5 Household Optimisation

Households derive utility from their access to lopablic goods,g;, their
consumption of housindy, and other consumption, Tenure status affects the
way in which households enjoy the flow of serviggevided by housing. All
else equal, householdlerives the same level of utility from owniigunits of
housing as from rentin@(h) units. For simplicity and clarity, households are
assumed to have the same preference for localggbiids. Household utility

is defined by the function,

Ui,j,f = U(gj' hi,j,tl t,c Vi &, :Bil 91) (36)

%® As gj is an index, these weights can be normalised thatfy, = 1.
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The optimisation problem of househdldan be decomposed into two stages.
First, households calculate their optimal housing aonsumption choices for
each neighbourhood and tenure bundle. The condltioraximisation problem

is,

max U(gjl hi,j,tl t,c; Vi &, :Bil 91)

(hcljt)
S.t.
v + 1 = Pihije + i L=k
' ' (1+m;6)pjhije + ci, t=0 (3.7)

Wherep; is the price of a unit of housing in neighbourhgodThe owner’s
budget constraint also includes the tgimt+ §;m;) indicating that a homeowner

must pay for each unit of housing and also for geaye interest.

The budget constraints in equation (3.7) assumiehiliaseholds do not initially
own any housing. When we consider adjustmentseto aquilibrium it is
important to consider the potential for capitalngai For an existing homeowner
the model accounts for three ways in which cagtahs can accrue, i) when a
homeowner sells some but not all of their housingsuand stays in the same
neighbourhood and i) when a homeowner sells themusing in one
neighbourhood and becomes an owner in a differerghibourhood, and iii)
when a homeowner sells their housing in one neigiimod and becomes a

renter. The budget constraint for household ilmaexpressed formulaically as,

yi+ 1 +p; 1[h3jn'0 - hil’jo’o] =1+ (Simi)pjlh?jo'o +ct, staying as an owner
yi+m+[pt -0+ (Simi)pjo]hgjnp =1+ 5imi)pj1hl:-l’j1'o +ct, moving as an owner
yi+m+[pt—1+ 6imi)pj°]h?'jo'o = pjlhil'jllo +cl, moving and now renting

Where superscript 0 denotes a baseline variableladenotes a new variable
choice. In each equation the third expressionhenright hand side denotes the
capital gains made on units of housing sold th& Bxpression on the left hand

side represents the new expenditure on housinigdimg mortgage interest.
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Maximisation of the direct utility function subjetd the constraints yields the

following conditional indirect utility functions,

o {V(p,g:y, a,B),
LW (p, gy, a,B,6),

(3.9)
Second, households select the neighbourhood andetehoice that provides the
greatest level of utility.

3.6 Equilibrium

An equilibrium in this model is defined by a setr@fighbourhoodg, a one to
one correspondence of households to neighbourhaodsan associated set of

property pricesp = {p, ..., p;} for each neighbourhood, such that,

1.Each household resides in the neighbourhood thaiinmees its utility
given the equilibrium vector of prices and endogengublic good
provision.

2.All housing markets cleaH?, = H, V j, t.

The introduction of an endogenous tenure choice @neferences for

homeownership generalises the pure characteris&®ds developed by Epple
and Platt (1998) and does not alter the underlyiraperties that support the
existence of equilibria. Namely, the single crogsiboundary indifference,
ordered bundles and stratification properties cortito hold (Epple and Platt,

1998, Epple et al., 2010).

29 Epple and Romer (1991) demonstrated the existemd properties of a pure
characteristics equilibrium sorting model. Thesepprties are: i) stratification - each
neighbourhood is occupied by households within atage set of income and
preferences, ii) boundary indifference - rankingghbourhoods by price, there exists a
locus of households defined by their income andiepeaces who are indifferent
between any two consecutive neighbourhoods andorifered bundles - the price

ranking of neighbourhoods is the same as the rgniimeighbourhoods by their public
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4.0 Response Pathways to Exogenous Policy Change

At this point it is instructive to contemplate thges of responses that can be
accommodated by the model and the distinction batwenters and owners.

Imagine an environmental improvement that leada tse in house prices in a

neighbourhood. For renters that means higher rmitswners it means they can

sell their property at a higher price.

Consider first what those price increases meanmdoters. Increases in the cost
of renting mean that they are no longer able tordftheir current housing and
consumption bundle. A number of options are avélabirst, the renter could

remain renting in the same neighbourhood but coesiawer units of housing.

Alternatively, the rise in rental price may makertemwnership relatively cheap
and thus more desirable in which case the rentgrwish to become an owner
in the same neighbourhood. In addition, the rentay consider relocating to a

different neighbourhood and may continue to rertiegin owning.

Now consider the consequences of a similar rigerices on homeowners. The
rise in prices has rather different implications flois group. Homeowners own
their properties outright. As such, homeowners alarays afford their current
housing and consumption bundles, even when propeitgs rise. In this way,
homeowners are shielded against price fluctuatidnsse in prices cannot make
an existing owner worse off, instead it presentopportunity to sell units of
housing and use the capital gains to increase ogptsan or to relocate to a
neighbourhood that provides more desirable pubdicdg, in which case they
might continue to own or may become renters. Theicels made by each
household will be determined by its preferencegratteristics and existing

ownership of housing.

goods index. These properties hold under the gssmmthat indifference curves
exhibit the single crossing property and utility nsonotonically increasing in its

attributes.
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In addition to enabling us to distinguish betwe&mers and renters, the ESM
model developed in this paper also considers thgaamnof policy change on
rental revenues that are returned to householdbe total value of rental
revenues is dependent on the distribution of haaldshresulting from the
sorting process. Moreover, the rental revenuesveddy each household may
alter in response to policy changes as househadldstaheir tenure choice and
housing consumption and property prices rise dr fahanges in rental revenues
will have a more significant impact on household¢hva larger share of the
rental stock; these are likely to be wealthier letwadds. In turn, changes in rental
revenues will feedback into the economy as chamgesnsumption through an
income effect. The model easily extends to monmeegd endogenous public

goods*®

A notable limitation of this model is that is ite®not incorporate labour market
decisions. There is growing evidence to suggestttansport and infrastructure
improvements can impact employment decisions, mtbdty and wages
(Gibbons et al., 2012, Sanchis-Guarner, 2012)futare work these additional
response pathways could be incorporated by mowaregdual market model that
simultaneously addresses location and labour mad@sions (Kuminoff 2009).

5.0 Calibrating the Model

The simulations presented in the following sectidresv on work carried out for
the Department for Transport (DfT), funders of ti&D studentship. The
objective of that work is to examine the usefulne$§ESMs for real world

project evaluation. As part of that research atipletneighbourhood version of

30 For example, other models have considered the irgfasocial interaction between

the occupants of a neighbourhood, such as theeimflei of peer group effects, on
education quality and human capital accumulatiahthe influence of political systems

of social choice on the level of provision of adbamenities, such as education
spending per pupil and expenditure on law enforeem&ee Bergstrom and Goodman
(2973).
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the ESM described above has been developed afmlatad to investigate a real
DFT project: construction of the A27 Polegate bypakhe results of this analysis

are presented in Appendix A.

While multiple-neighbourhood models are well-suitedhe task of evaluating a
real world policy they tend to result in very comspted patterns of substitution
across the numerous neighbourhoods. In order tev drsights as to the
importance of tenure choice as revealed by the EiBN, significantly more
informative to work with a simplified two-neighbdwod version of the model.
Accordingly, the analyses in this section presasults from a stylised two-
neighbourhood simplification of the more generaleBate analysis presented in

the Appendix.

The model is calibrated using census informatismngi homeownership rates in
Polegate in 2001, the year before the bypass opeaed using data the Post
Opening Project Evaluation (POPE) A27 Polegate Bypaport (2009) which

details the population shares that were affectetthéyonstruction of the bypass.
Baseline neighbourhood prices for a unit of homeges housing were derived
by taking the neighbourhood specific interceptarra fixed effects hedonic

regression. That regression used property prica fam 2000 provided by the
UK Land Registry. That price data was matched,qu§i5 techniques, to further

information on property characteristics from OS Mawmap and Edirfa

5.1 The Economy

In the simplified calibration the economy is dividénto two regions: one
comprising the town centre, which has a main raathing through it, and the
second comprising the suburbs. The town centtloger to a range of amenities
(for illustrative purposes these amenities couldude parks, shops, a school, a

medical centre etc.). However, whilst propertiesated in the town centre

3t See Kuminoff et al (2010) for a discussion of thisthodology.
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benefit from greater access to these positive l@maknities they are also

exposed to greater road noise as a result ofdraffithe busy throughway.
5.2 Households

Household utility is represented by a Cobb Dougligy function, such that,
Uije = g§0;chPict—a b (3.10)

Household preferences for public goagisand homeownership;, are assumed
to be independent of their income and housing edipene. With a Cobb
Douglas utility functiong can be interpreted as the share of income that a

household commits to purchasing housing.

A population of 1600 households were drawn fromiatjbivariate distribution,
f(n(y),B), of incomes, y, and expenditure on housfhgThe sample size was
chosen to replicate the actual number of househaffésted by the bypass, as
reported in the POPE. The parameters of the jasttilbution were estimated
using data from the Expenditure and Food SurveylZQOwhich provides a
breakdown of gross weekly income and expendituneshousing including
mortgage costs, maintenance and depreciation (ZBB1Pounds). A joint
lognormal bivariate distribution was fitted to thata by maximum likelihood
estimation. This process reveals a negative ctioaldetween the two variables
indicating that lower income households spend gelamproportion of their

income on housing. The resulting parameter eséisnatre,

(tny) 1) = (9.83,0.17)

1272 —007 3.11
2ln(y),ﬁ—(_o_o7 0.03) o

The loan-to-value ratio was calibrated using datanf the FSA Mortgage
Product Sales Data Trends Report (2007). This wad to simulate the correct

proportion of households with loan-to-value ratwighin given intervals (0.00-
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0.67, 0.67-0.83, 0.83-0.99, 0.99-1.00). In the absef detailed information on
loan-to-value ratios by income group, loan-to-vatagos (ordered from lowest
to highest) were assigned to households (ordeced highest income to lowest)

and a mean zero random component was added.

Preferences for homeownershih,were drawn from a log normal distribution,

In(6) ~ N(ug, 94)
(pe,04) = (0.80,0.03) (3.12)

The mean and variance of the distribution werebcaléd using a maximum
likelihood procedure designed to minimize the ddfece between observed and
predicted population shares and homeownership matbe two neighbourhoods

at the derived housing prices.
5.3  Local Public Goods

Neighbourhoods are differentiated by their distatacéhe town centre and road

noise levels. The local public goods index is gibg,

9;i=9j1+t7v9j2+5¢; (3.13)

Whereg; ; is distance from Polegate town centre (measuredl r@esgative) and
gj2 is reduction in noise levels from a maximum of MK The proximity to

Polegate town centre was calculated using Arc@8ise pollution, is measured
using the average 18-hour decibel level and isctiyraffected by the creation of
the bypass. The baseline and post-bypass noisds l@ve calibrated using
information from the A27 Polegate Environmentalt&taent.

The parameter, relating to preferences for local public goodswat using the

technique for calibration with non-market goodsadetl by Carbone & Smith
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(2008)3?
Using this methodology the parameter can be caétrasing the result,

. Pg, 91 + Pg,92
y+ pg, 9% +1g,97 (3.14)

Wherep,, andp,, are implicit prices for distance to Polegate aenand
reductions in noise pollution respectively, and ssuipt O denotes a baseline
level of the corresponding variable. Using thisrapph the weighting parameter

in the local public goods indey,;, can also be calibrated using implicit prices,

_Pa,
Py, (3.15)

The implicit prices can be derived from any numbkstudies of willingness to
pay for proximity to the town centre and for redoiss in road noise. This paper
uses the estimates of implicit prices for improvataen noise pollution from the
Day et al (2002) hedonic study of the Birminghamaaand the estimate of the
implicit price for proximity to Polegate centre fnoa hedonic study’.
Evaluating the implicit prices at the 2000 meanueal for air quality and

32 The Carbone and Smith (2008) methodology employdicit prices to calibrate the
preference for public goods. The procedure seerlidleaat odds with the general
equilibrium nature of the equilibrium sorting moderhe calibration technique itself is
valid because it assumes that the system is clyrenequilibrium and uses implicit
prices, which are relevant when evaluating a matgihange to infer preference for the
public good using the current hedonic price functio However, the approach is
potentially problematic since the process of hoakkkorting may cause endogeneity,
which needs to be accounted for when estimatindiéihprices to ensure that unbiased
estimates are obtained. A preferred method woaltbluse micro level data to jointly

estimate the parameters of the model.

¥ |n the calibration of this two-neighbourhood motake data on the sale of properties

in Polegate in the year 2000 from Zoopla.co.uk.
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proximity to the central business district providesalibrated value of 0.11 far
and 0.02 for.

The model is divided into neighbourhoods with egsiares of the population
and homeownership rates of eighty per cent (basedenosus data for 2000).

The unobserved public good;, was calibrated using a maximum likelihood

procedure designed to minimize the difference bebnebserved and predicted
population shares and homeownership rates in theneighbourhoods for the
derived per unit housing prices. The resulting a¢edi show that the baseline
index of public good provision is greater in thebsibs, consistent with the

higher property price in the suburbs.
5.4  Housing Supply

There are two components to housing supply: basélousing supply and the
medium to long term housing supply function. Ie thaseline, | assume that the
economy is in long run equilibrium where the préwagi housing supply reflects
long run housing supply. In that case, the housimgply is equal to, and can
therefore be inferred from, the total housing dednareach neighbourhood.

To evaluate policy changes a housing supply funcisospecified that defines
how the supply of housing responds to the markahgas precipitated by the
construction of the bypass. Ideally this housingpdy function would come
from detailed information on the true housing sypflinctions, but that
information was not available to us. Accordingllye thousing supply function
used in the model is developed using plausible mpsans. That supply
function is linear, assumes a positive elasticftgupply and increasing marginal
cost associated with the production of additior@iding units. In addition, the
supply function includes an element reflecting tbests of constructing
additional properties out of housing blocks anebpypation capacity limiting the
total number of individual properties that can bpmorted by a neighbourhood.

The resulting housing supply function is definedhi the limitsO < POP; <
D;POP,
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a(p; —p})+H),  POP; < POP}
(POP; — POPY)
POP ’

H*(p;) =

a(p; —pj) + HY = b D,POP? > POP; = POP?

(3.16)

WherePOP; andPOPj0 are the new and old population size of neighboodhip
H]-O is the housing supply in the baselineandb are constants relating to the

price elasticity of housing supply and the adddilortost associated with
constructing a new plot, arfg} is a capacity limit representing the maximum
percentage increase in population that can be stgazbtm neighbourhoofl In
this exampleD is set as a uniform capacity limit that constrahes development
of new plots to a maximum of fifteen per cent iteaeighbourhoot. Whilst |

do not assume to be capturing all of the facetsoofsing supply, this extension
provides an insight into the influence of developisen the property market and

how these developments propagate and distort o@som
5.5 Rental revenue recycling

In the absence of more detailed information, | assthat fifty per cent of rental

revenues are recycled to households. The shamentdl revenues received by
households was calibrated using Expenditure andl Faarvey data on gross
weekly household income and income from renting. dite corresponding

shares are presented in Table 3.1. Data for 20@€ats that the share of rental
revenues being returned to households is increasinghcome such that

wealthier households are more likely to own a shafréhe stock of rental

housing.

5.6 Government

34 The value of fifteen per cent was supportecheyldK Housing Review (2009) which
reports that over the period of 1991-2007 the nundfeowner-occupied new build

properties constituted a rise of 15.3 per cenbhénrtousing stock in England.
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The government provides compensation to househdlsated in a
neighbourhood where road noise levels increaseresudt of the construction of

the bypass. Compensation is defined as follows,

0, mwtp * Ag;, * hgj <50

mwtp * Agj , * h?,j,o, mwtp * Ag;, * hgj > 50 (3.17)

compensation; j o =
The level of compensation is calculated by definengharginal willingness to
pay valuemwtp, (derived from a hedonic regression using basegmmperty
prices and environmental quality) that represehis additional premium a
household pays on every unit of housing for a umtease in environmental
quality. The marginal willingness to pay valuemsiltiplied by the size of the
change in environmental quali§g; ,, to obtain the premium paid for the total
change and, lastly, multiplied by the quantity ofibing units initially owned by
the householch?,j,o, to calculate the total compensation. Followihg 1973
Compensation Act the level of compensation is paleén this amounts to at
least a minimum of £50. The model accounts fohhbbie direct impact of
compensation on utility and the interaction betwedre payment of

compensation and the behavioural response of holaseh
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Income Percentile Share of Rental Revenues

5 0
10" 0
15M 0.01
20" 0
250 0
30" 0.01
35" 0
40" 0.01
45" 0
50" 0.01
551 0.04
60" 0
65" 0.03
70" 0.02
75" 0.04
8a" 0.05
85" 0.05
og" 0.25
95" 0.09
100th 0.40

Table 3.1: Share of rental revenues by income pezatile

The calibrated model is coded in Matfaland uses simulation and iterative
numerical techniques to solve for market clearinggs and endogenous rental
revenues (Lagarias et al., 1998).

6.0 Exploring the Model

Table 3.2 summarises the two neighbourhoods irb#seline. Notice that the
road noise levels are higher in the town centredBYthan in the suburbs (40
dB). Properties in the town centre are, on aveddifen from the centre of the

town, whereas properties in the suburbs are arageet100m from the centre.

* The Matlab code is available from the authors ugguest.
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These two attributes combine to form an index difligugood provision in each

neighbourhood.

Town Centre Suburbs
Average distance from centre (m) 400 1100
Road noise level (dB) 59 40
Public goods index 33.0 33.9
Population share 0.5 0.5
Homeownership Rate 0.74 0.82

Table 3.2: Baseline characteristics of the neighlbohoods

The demographics of the two neighbourhoods derigethe calibrated baseline

are presented in Table 3.3. A number of pattefr®ding can be seen. First,

households with higher incomes tend to locate & ghburbs, driving up the

price of properties in the neighbourhood with aatge provision of public goods.

Second, poorer households, who spend a larger piapaf their income on

housing, are attracted to the town centre by itgefoproperty prices. Lastly,

households with relatively high preferences for bomnership (theta) become

owners and others become renters.

Town Centre Suburbs
Price (£) 5183 5258
Population Share 0.50 0.50
Homeownership Rate 0.74 0.82

Population Characteristics

Renters Owners Renters Owner
Mean Income (£) 35,964 53,992 104,075 90,49
Meanp 0.399 0.36 0.1 0.11
Mean@ 1.00 1.13 0.99 1.12
Mean housing 2.72 3.97 2.07 2.14
Median housing 0.83 1.29 0.41 0.35
Population 205 597 144 654

Table 3.3: Calibrated baseline neighbourhood comgsition
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6.1 Examining Local Environmental Change

In that initial equilibrium, the economy experieace change in conditions as a
result of the construction of a bypass. The imntedimpact of the bypass is to
change the exposure to traffic noise of properiiethe two neighbourhoods.

Drawing on data from the real world experience ateBate, road noise levels in
the town centre fall by 2 dB to 57 dB as traffiovits are reduced. In the suburbs
road noise rises by 1 dB to 41 dB due to noise filoerbypass.

The conventional approach to assessing the welfiaypact of constructing the
bypass is to look at the direct impact on the hbakks. In this case, the direct
impact for households in the town centre is an owpment that equates to a
0.65 per cent rise in utility for all householfis For households in the suburbs
the rise in road noise translates to a 0.33 petr @ecrease in utility. Using the

formula for calculating static or partial equilibm (PE) willingness to pay,
WTPpg = 3’? +m) — e(pj)o,g;o:)’? +m,v0) (3.18)

Which by substitution becomes,

gjo

[ g% |
WTP =l1—<—"> (0 + 0
PE 1 yi T[l)

(3.19)

Table 3.4 summarises the willingness to pay vafoegenters and owners in
each of the two neighbourhoods and the sum of thalses, which corresponds
to the residents’ total willingness to pay for bgpgroject. Results from the
partial equilibrium calculation are presented ie top six rows. The patrtial
analysis suggests that overall the bypass prowadeslfare gain for residents

with willingness to pay summing to £12,268. Notibat the partial equilibrium

%% As a result of the Cobb Douglas utility functioretpercentage change in utility is
equal across households, however this translateliffeyent values of willingness to

pay.
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analysis suggests that utility gains flow predomthato poorer households in

the town centre.

Let us now compare this to the findings from thenegal equilibrium (GE)

analysis of the same project. Results from thalyaisaare presented in the

bottom half of Table 3.4. In the GE model williregs to pay is calculated’as
WTPss = y° + 1) — e(p}l,glﬁ,y? + ! + compensation;, v°) (3.20)

Notice that in the GE calculation it is not onlyetlenvironmental quality that
changes. Households respond to the constructitmedfypass by relocating and
adjusting their consumption and tenure choice, ithisirn has knock on effects

on house prices and rental revenues.

Of course, this relies upon the assumption of fme®bility and there are a
number of additional frictions that we might alsoarw to consider in
applications: two important considerations are demtion and moving coOsts.
These costs violate the assumption of free mobditg alter the nature of the
choice set faced by households. In this chapter abbstract from these
complexities however they have been addressed enwtder literature on
equilibrium sorting models. For example Bayer, K&we and Timmins (2009)
show that moving costs related to a household’'sehtmwn can have a large
impact on estimates of willingness to pay, Bayerakt(2011) explore the
psychological costs using information on the timiofy moves and Ferreira
(2010) examines the impact of transaction costngyithrough the property tax

37 Again, by substitution, this becomes,

1 7
1-a
0\% /. 1\”
9o D 90
WTP; =1 — g_l pLO (E) (y? + n?) + (n} — ¥
.0 .0
] ]
| (3.1)
9, tT =0
WheregT ={ ’
ere LT =R
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regulations in California. Kuminoff (2009) explsréhe impact of moving costs
on the substitution options available to househalits demonstrates how failing
to account for moving costs can introduce bias sgbmates of willingness to
pay since it alters the way in which revealed pexfees are interpreted.
Transaction and moving costs will also affect ouediction of the new

equilibrium following a policy change as alter iheentives faced by households

and serve to reduce the benefits from re-optinosati

In the context of our model | anticipate that t@t®on and moving costs would
lead the ESM to predict lower levels of relocationa way bringing the partial
equilibrium and general equilibrium predictionss#o together by preventing the
relocation of households. However, prices woush dave to adjust in response
to moving costs. The overall impact would dependtee distribution of costs.
For example, consider an increase in quality irighibourhood. In the absence
of moving costs we would expect an increase in aeimfar housing in this
neighbourhood from households with a relativelyhhjgreference for public
goods, which would cause prices to rise. Ingtesence of moving costs the
outcome would be different. If moving costs areyvieigh no relocation takes
place, if they are uniform but low then some but at of the anticipated
relocation will take place. In addition, transaatiand moving costs could
influence the distribution of welfare gains andskes if some households are
more mobile than others, for example renters may thawer moving costs than
owners, since they do not have to pay realtor's feesales taxes when they
move, providing them with a greater ability to natimise. If moving costs are
heterogeneous households with lower moving costs lvei more likely to

relocate.

109



)

Town Centre Suburbs
Renters Owners Renters Owners

Partial Equilibrium
Mean WTP PE 260.60 391.23 -385.49 -335.141
Standard Deviation 702.25 686.99 954.79 985.7
Total WTP PE 12,268
Average WTP PE 7.67
A Rental revenues 0
A Mortgage payments 0

General Equilibrium
Mean WTP GE 71.76 444.10 300.15 -57.61
Standard Deviation 166.52 991.00 735.89 355.1
Total WTP GE 285,380
Average WTP GE 178.36
A Rental revenues 0
A Mortgage 480
Net Benefits 285,860

Table 3.4: Willingness to pay for the bypass (£)
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Town Centre Suburbs
Price (£) 5305 5153
Population Share 0.65 0.35
Homeownership Rate 0.85 0.64
Population Characteristics

Renters Owners Renters Owner
Mean Income (£) 99,840 82,856 35,313 50,63
Meanp 0.11 0.25 0.39 0.17
Mean@ 0.99 1.12 1.00 1.13
Mean housing 2.02 2.98 2.71 3.14
Median housing 0.44 0.90 0.82 0.47

Population Movements

From Town Renters 9 0 196 0
From Town Owners 0 567 0 30
From Suburb Renters 144 0 0 0
From Suburb Owners 0 313 8 333
Population 153 880 204 363

Table 3.5: Neighbourhood composition after the byass

To understand more clearly how the difference i@ @E WTP results arise,
consider Table 3.5 which describes the ESM’s ptexticof the new equilibrium

which arises in the community after the impactshef new bypass have worked
their way through the economy. The first three r@fvthe table display the new
prices, population shares and homeownership ratethé two neighbourhoods,
the next five rows presents the new population attaristics and the last five

rows detail the population movements and new pajouldotals.

After the construction of the bypass, the town meBUpports a greater provision
of public goods, this attracts wealthier householtigleed, as can be seen from
the population movement figures, the renters ambsi half of the owners from

the suburbs migrate to the town centre causingtipellation share to rise to 65
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per cent. The shift in demand causes prices éimishe town centre and fall in
the suburbs. As a result, some lower income haldshelocate from the town
centre to the suburbs as property prices in thentage. Consequently, the
average income of households in the town centes risoth amongst renters and
owners, while the average income of householdsiénsuburbs declines. This
process has been described as “environmental fyestion” by Sieg et al (2004)
and has been demonstrated in previous applicanbrisSMs to the study of
improvements in air quality in the LA basin (Siega¢ 2004), Toxic Release
Inventory (TRI) emissions (Banzhaf and Walsh, 2084J the provision of open
space (Walsh, 2003).

Rising property prices in the town centre lead ttegdifferent welfare effects
being experienced by renters and owners originalgsident in that
neighbourhood. While both initially enjoy the béteof reduced road noise,
those gains are offset for renters by higher reptades. Indeed, the price
differential between the town centre and the subislsuch that the town centre
renters all choose to forgo the improved environ@eguality and move to the
suburbs. Examining Table 3.4, the ESM analysisvshihat the welfare gains
for town centre renters are substantially lowenttieose suggested by the partial
analysis, which ignores the price changes. Reffiéees higher rental costs that
offset the environmental gains from lower road eoisAs can be seen by
comparing the partial and general equilibrium ressiml Table 3.4, this causes the
GE WTP values for renters initially located in ttogvn centre to be lower than
their PE equivalents. For owners, on the otherdhamice rises present an
opportunity to sell up and realise the benefitscapital gains on housing.
Accordingly, in the GE analysis, the welfare gafas town centre owners are
substantially higher than those suggested by tharfaysis. The combination of
these effects leads to a striking difference betwde total willingness to pay
values calculated in the PE analysis and the GE/sieawith the latter being an

order of magnitude greater than the former.

For households in the suburbs, the decrease ityytikdicted in the PE analysis
is dissipated through a number of mechanisms. t,Ringe ability to relocate

allows some households to migrate to the town eesntd benefit from a greater
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provision of public goods. Second, some owners fiteftem lower property
prices that allow them to expand their housing oomgion. Overall, the price
effect transforms the welfare impact for rentersthe suburbs by more than
compensating them for the increase in road noigelde For owners in the
suburbs, the welfare loss can only be partiallgetfso that, on average, the GE
analysis concludes that these households expergneelfare loss but smaller

than the one predicted by the partial analysis.

x10" Willingness to pay ersus househokd Income

Own Suburds
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o
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Figure 3.1: The convex hull of willingness to payalues for households
grouped by initial residential choice. (Endogenougenure choice ESM)

Figure 3.1 plots the distribution of GE willingnetss pay values by household
income. The figure groups together households Har tinitial residential
choices and plots the convex hull of their williegs to pay values. Since the
environmental change experienced in each neighbodrhs different, the
separation between households in the suburbs and itoanticipated in the PE
analysis. However, Figure 3.1 also clearly caguttee striking distinction
between the willingness to pay of renters and osnesven within a
neighbourhood. In particular, at a given incomegraer in the town will benefit
less than an equivalent owner, whereas in the bslaurenter is likely to benefit

equally or greater than an equivalent owner institeurbs.
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This simplified ESM demonstrates clearly how thdfare conclusions drawn by
a partial equilibrium approach contrast to a gdrnegailibrium approach and the
mechanisms through which the two differ. It isaclehat the distribution of
gains and losses is altered once households amaitfgel to adjust their
behaviour in response to the exogenous policy ahanig particular, a large
degree of environmental gentrification is obserkegulting in the environmental
improvements being enjoyed by wealthier househaldt® displace poorer
households who are originally resident in the towurthermore, it is clear that
medium to long term adjustments lead to strikingsitbns between the welfare
effects experienced by renters and owners thateirg overlooked in the partial
analysis. As a result, the PE analysis providesiskeading picture of welfare
changes.

7.0 Model Extensions

In reality of course there are more complexitiest theed to be included in the
analysis. Let us introduce, in turn, three ext@msito the model: rental revenue
recycling, housing supply constraints and compéosat

7.1 Rental Revenues

In the model considered above rental revenues fhov of the economy to
absentee landlords. In the real world, househwldg also own rental housing
stock. In this case, changes in rental revenuss hhve consequences for
household welfare. As described in Section 5.5, ESM can be extended to
allow households in the economy to also be landglosdch that some or
potentially all of the revenues from rental paynseate recycled within the

community.

Table 3.5 presents information on the populatioaratteristics for the two
neighbourhoods in the calibrated baseline whely fifer cent® of the rental

% At present there is little information on the podjon of rental revenues that are

recycled rather than flowing to government and gigvorganisations. | adopt the
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revenues are returned to households.

In the baselfal rental revenues amount

to £4,552,600. As is clear from a comparison obléa 3.3 and 3.6, the

recycling of these revenues has no impact on thengaf households between

the two neighbourhoods, which is expected sincdoés not alter the relative

desirability of the two areds.

Instead, since the amount of money being

returned to any individual household is relativaiypall the response occurs

through increases in housing units and other copsam

Town Centre Suburbs
Price (£) 5183 5258
Population Share 0.50 0.50
Homeownership Rate 0.74 0.82

Population Characteristics

Renters Owners Renters Owners
Mean Income (£) 35,964 53,992 104,075 90,492
Meanp 0.40 0.36 0.10 0.11
Mean@ 1.00 1.13 0.99 1.12
Mean housing 2.79 4.07 2.10 2.17
Median housing 0.83 131 0.41 0.36
Population 205 597 144 654

Table 3.6: Calibrated baseline with rental revenueecycling

Now let us consider the impact of the constructwdrthe bypass when rental

revenues are recycled.

The new prices and popaolatharacteristics are

presented in Table 3.6. The key mechanisms arsdhe as those discussed

above however, the rise in revenues (from £4,5%Pt6&4,578,300) leads to an

assumption of fifty per cent as a largely uninfodmestimate.

The successful

integration of general equilibrium sorting modelsuld benefit from more informed

estimates of the actual share of revenues beiryglest

¥ |f the model included minimum housing sizes oreottliscrete constraints this would

likely alter the results such that the distributishhouseholds became sensitive to the

recycling of rental revenues.
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increase in demand for housing units and other wopson. To clear the
market, house prices in both neighbourhoods riseesma up higher than in the

analysis when rental revenues are not recycledi¢Tai).

The corresponding PE and GE welfare impacts aildétin Table 3.7. Notice
that the increase in rental revenues provides iaddit utility gains for
households initially located in the town centre aedters in the suburbs, and
partly offsets the losses experienced by ownetiensuburbs. As a result, the
GE total willingness to pay value rises to £304,1dhe distribution of welfare
gains and losses between neighbourhoods remageyldahe same although the
rental revenue mechanism provides additional gairtkose at the higher end of
the income distribution. Notice by comparing Tahbde3 and 3.7 that accounting
for rental revenue recycling leads to an increastné standard deviation of the

willingness to pay values within each group.
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Town Centre Suburbs
Price (£) 5307 5155
Population Share 0.65 0.35
Homeownership Rate 0.85 0.64

Population Characteristics

Renters Owners Renters Owner
Mean Income (£) 99,840 83,057 35,313 50,06
Meanp 0.11 0.25 0.39 0.17
Mean@ 0.99 1.12 1.00 1.13
Mean housing 2.05 3.06 2.77 3.18
Median housing 0.44 0.91 0.82 0.47

Population Movements

From Town Renters 9 0 196 0
From Town Owners 0 568 0 29
From Suburb Renters 144 0 0 0
From Suburb Owners 0 313 333
Population 153 881 204 362

Table 3.7: Neighbourhood composition after the bygss with revenue

recycling
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Town Centre

Suburbs

Renters Owners Renters Owner

Partial Equilibrium
Mean WTP PE 266.57 400.92 -391.72 -341.3
Standard Deviation 714.38 702.85 963.51 P3.(
Total WTP PE 14,349
Average WTP PE 8.97
A Rental revenues 0
A Mortgage payments 0

General Equilibrium
Mean WTP GE 74.53 462.42 311.97 -49.1(
Standard Deviation 171.80 1,022.60 750.10 9.5%
Total WTP GE 304,160
Average WTP GE ( 190.10
A Rental revenues 300
A Mortgage payments 500
Net Benefits 304,960

Table 3.8: Willingness to pay with rental revenueecycling (£)

7.2  Housing supply constraints

The ESMs discussed so far have adopted the coowahtapproach to housing

supply, which is to assume that the number of mmu&ilocks is fixed at the

baseline level. In the results that follow theeln housing supply function with

capacity limits described in Section 5.4 is adoptereflect more realistically the

medium term adjustments that might occur in housungply.

Since the housing supply function has no impacthencalibration the baseline

for this model is as before (Table 3.6). The wiaad population characteristics

in the new equilibrium following the introductiori the bypass are presented in

the first eight rows of Table 3.9.
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The last five rows of Table 3.8 summarise the pajah movements that took
place between the baseline and the new equilibridrhe capacity constraint,
which in this case limits the population share #80n the town, is binding and
inflates prices in the town centre as wealthier detwlds relocate from the
suburbs to the town centre. As capacity is reachdte town the rising price
leads to the displacement of households with xedbtihighp values from the
town to the suburbs: this can be observed throughparing the average
values in each neighbourhood in Table 3.9 to tlhoJeable 3.7. As can be seen
in the population movements section of Table 3.9graater number of
households are displaced in this model than wheraaity limits are not
accounted for. Consequently, there is an incremdemand for housing units in
the suburbs, which pushes up property prices inngighbourhood despite the
small fall in public good provision.

These price effects have important and substamialications for welfare
changes, as summarised in Table 3.10. Price insksth neighbourhoods lead
to welfare losses for renters initially locatedowth neighbourhoods. In contrast,
the price rises confer gains to owners in the toemtre and provide a source of
compensation for owners in the suburbs. Conselyyetiite distribution of
welfare gains and losses is transformed once thsihg supply adjustments are
incorporated. Total willingness to pay falls to50]210. Moreover, the
distribution of gains and losses shifts with lalgeses accruing to lower income
renters and large gains to wealthy owners. Fi@ueplots the distribution of
willingness to pay and household income for eactinefinitial residential choice
groups. Comparing Figure 3.2 to Figure 3.1, épparent that the introduction
of a medium to long term housing supply specifmatileads to further
adjustments in the property market which redistebuhe benefits of
environmental changes towards homeowners and away renters. Moreover,
the capacity constraint acts to constrain the as®an the number of households
residing in the centre to 120 households in comsparto 232 households in the
absence of the capacity constraint. As can be s$eeRigure 3.2, these
adjustments actually lead to losses for the mgjarit renters from both the

suburbs and the town, despite the direct improvemesnvironmental quality.
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Town Centre

Suburbs

Price (£) 5514 5314
Population Share 0.58 0.42
Homeownership Rate 0.86 0.67

Population Characteristics

Renters Owners Renters Owners
Mean Income (£) 111,352 69,927 37,350 78,57
Meanp 0.09 0.25 0.37 0.18
Mean@ 0.99 1.12 1.00 1.12
Mean housing 1.98 2.14 2.68 4.60
Median housing 0.38 0.73 0.83 0.64

Population Movements

From Town Renters 0 0 205 0
From Town Owners 0 521 0 76
From Suburb Renters 126 0 18 0
From Suburb Owners 0 275 0 379
Population 126 796 223 455

Table 3.9: Neighbourhood composition after the bygss with revenue

recycling and linear housing supply
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Town Centre

Suburbs

Renters Owners Renters Owner

Partial Equilibrium
Mean WTP PE 266.57 400.92 -391.72 -341.3
Standard Deviation 714.38 702.85 963.51 P3.(
Total WTP PE 14,349
Average WTP PE 8.97
A Rental revenues 0
A Mortgage payments 0

General Equilibrium
Mean WTP GE -374.53 557.42 -117.18 -122.2,
Standard Deviation 883.20 1,359.30 623.80 850.20
Total WTP GE 159,210
Average WTP GE 99.51
A Rental revenues 0
A Mortgage payments 500
Net Benefits 159,710

Table 3.10: Willingness to pay with rental revenueecycling and linear

housing
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x10° Willingness to pay versus household income
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Figure 3.2: The convex hull of willingness to pay value®f households
grouped by initial residential choice.
(Endogenous tenure choice ESM: Housing Supply)

Comparing these results to the partial equilibreypproach it becomes clear that
the partial analysis does not adequately captwantiportance of initial tenure
status and provides an incomplete picture of thiéaweeimplications of a policy

change.

7.3  Compensation

The final extension considered is that of compengdtomeowners for loss of
value in their properties. For this purpose weoiporate a compensation
mechanism into the ESM, which is modelled on Partofl the 1973

Compensation Act.
As previously, the relevant baseline is given ibl€a3.5. Table 3.10 presents

the neighbourhood prices and population charatiegisfollowing the
construction of the bypass. The largest compeansgtayment is £29,101. The
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receipt of compensation has little impact on thieaveour of households: as with

the receipt of rental revenues, households reagiciompensation use it to

increase their housing and other consumption. TEads to a small increase in

the average number of housing units consumed bysanitially located in the

suburbs.
Town Centre Suburbs
Price (£) 5514 5315
Population Share 0.58 0.42
Homeownership Rate 0.86 0.67

Population Characteristics

Renters Owners Renters Owners
Mean Income (£) 111,352 69,927 37,350 78,579
Meanf 0.09 0.25 0.37 0.18
Mean@ 0.99 1.12 1.00 1.12
Mean housing 1.98 2.14 2.68 4.61
Median housing 0.38 0.73 0.83 0.64

Population Movements

From Town Renters 0 0 205 0
From Town Owners 0 521 0 76
From Suburb Renters 126 0 18 0
From Suburb Owners 0 275 0 379
Population 126 796 223 455

Table 3.11: Neighbourhood composition after theypass with revenue
recycling, linear housing supply and compensation
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Town Centre

Suburbs

Renters Owners Renters Owner
Partial Equilibrium
Mean WTP PE 266.57 400.92 -391.72 -341.3
Standard Deviation 714.38 702.85 963.51 P3.(
Total WTP PE 14,349
Average WTP PE 8.97
A Rental revenues 0
A Mortgage payments 0
General Equilibrium
Mean WTP GE -365.80 571.59 -99.38 221.2
Standard Deviation 864.50 1,380.00 613.30 758.70
Total WTP GE 396,610
Average WTP GE 247.88
A Rental revenues 0
A Mortgage payments 570
Compensation 221,770
Net Benefits 175,410

Table 3.12: Willingness to pay with rental revenueecycling, linear housing

and compensation (£)

The influence of compensation is most clearly Vesilm Table 3.12 and Figure

3.3, which summarise the GE willingness to pay @aluDriven by the increased

revenues entering the system from government cosapien payments, total GE

willingness to pay rises to £396,610. Comparinghwiable 3.10, the results

illustrate that, on average, the payment more ttanpensates owners initially

located in the suburbs. Notice that compensatquaid only to owners initially

located in a neighbourhood that experiences enwiemtal depreciation.

Accordingly, renters initially located in both thewn and the suburbs continue

to experience a reduction in utility. Comparingglfe 3.3 to Figure 3.2, the

payment of compensation clearly alters the distitlou of gains and losses,

broadening the division between renters and owndmsboth neighbourhoods,

the corresponding GE willingness to pay valuesragative for the majority of



renters, almost uniformly for renters initially the town centre, and are almost

entirely positive for owners.
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Figure 3.3: The convex hull of willingness to pay value®f households
grouped by initial residential choice.
(Endogenous tenure choice ESM: Compensation)

8.0 Discussion

A key objective of the work presented above has lleeexplore the magnitude
and distribution of welfare changes precipitated flicies that result in
localised environmental change. In terms of maga} the results demonstrate
a large difference between the welfare changesqteedby a partial equilibrium
analysis in comparison to a general equilibrium.of®r this particular policy
simulation the general equilibrium total willingse pay value is an order of
magnitude greater than the in the partial analysggesting that adjustments in

the property market serve to amplify the directddgs of the policy.
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To examine the distributional impact of a policystuseful to develop ways to
characterise the distribution of welfare and welfahanges. One approach is to
take inspiration from the Lorenz curve (which prasea graphical representation
of the Gini-coefficient) and consider the cumulatshare of total utility that is
enjoyed by a particular share of the total popaiatiPlotting these two measures
against each other results in a utility equivalenthe Lorenz curve where the
45-degree line represents the situation where aliséholds in the economy
enjoy an equal level of utility. Figure 6 plotssthutility-based Lorenz curve for
the calibrated baseline with rental revenue rengcliThe deviation of the curve
from the 45-degree line represents inequality e drstribution of utility across
households. More specifically, the line lies beltve 45-degree line, which
reflects the fact that poorer households receiless than equal share of utility.
The gradient of the Lorenz curve does not reacheiacy with the 45-degree line
until the horizontal axis reaches roughly eighty gent of the population. This
indicates that the top twenty per cent of the patoh receive a greater than
even share of utility.
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Figure 3.4: The Utility based Lorenz Curve plotting the cunulative share of
total utility (in the baseline with rental revenuerecycling) against the
cumulative share of the total population ranked bylowest to highest income.
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Whilst the distribution of welfare described in &ig 3.3 is driven primarily by
the assumed distribution of income in the populatiour central interest is to
understand how policies that affect local environtak quality change this
distribution. To provide a perspective on the ribsttional impact it is more
useful to consider changes in the cumulative sbatetal utility that occur as a

result of the policy change.

Figure 3.4 plots the corresponding changes in timeutative share predicted by
the PE and GE analyses against log income. Theefigg not intuitive at first
glance, the figure in panel 7a plots the PE andcGfzes together. Notice that
the PE analysis suggests that the policy has ldigteibutional impacts of a
sizeable magnitude, whereas the GE analysis sigjthedtthe impacts are much
smaller (the plot of these changes is barely disishable from the horizontal
axis). At log income values where the curves argtye the cumulative share
of total utility held by households whose loggedomes are less than or equal to
this amount is higher than in the baseline, meathag households at the lower
end of the income distribution have increased thkare of utility. When the
curve is negative this implies the opposite: thatshare of utility has fallen. At
any given log-income value, a positive gradienidates that the share of utility
held by that household has increased whereas diveggadient indicates that

their share has fallen.
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Change in the Cumulative Share of Total Utility by Log of Income
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Figure 3.5: The distribution of changes in the cumulativeshare of total
utility by income in the Partial and General Equilibrium analyses. The

bottom panel displays the general equilibrium plotat a finer scale
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Turning attention to the PE (dashed) curve in FBgBI5, the curve is positive
and increasing (or at least predominantly incregsiip to around 600,000. This
indicates that the PE analysis suggests the pal@nge is progressive and,
through targeting environmental improvements atiogome households, alters
the distribution of utility making it more equitabl In contrast, panel 7b shows a
rescaled version of the GE curve. After re-scaéirdear distributional impact is
evident and it is remarkably different to the ohattis predicted by the PE
analysis. The GE analysis suggests that once tatguss in location, property
prices, rental revenues and compensation have adeswunted for the direct
environmental benefits are channelled away fromrgrobouseholds. In fact,
households at the lower end of the income distiobuare left with a smaller
share of the total utility. The benefits of thaipy therefore are channelled to
households with logged incomes between 100,000 3880,000 who now
receive a greater share of total utility. Ovetiadin the GE analysis suggests that
despite seemingly progressive targeting of the &ypdhe overall welfare
impacts are moderately regressive.

9.0 Concluding Remarks and Future Directions

In this paper | have sought to explore the mageitadd distribution of the
welfare effects resulting from policies with losEd environmental impacts
through the development and calibration of an ESkh wndogenous tenure
choice. The mechanisms and feedbacks at work is mhodel have been
illustrated through the presentation of a styligea-neighbourhood policy
analysis. The results from this example also enaisl to draw some more
general conclusions regarding the magnitude artdlison of welfare changes.
In particular, the results clearly demonstrate thrade relocation, capital gains,
rental revenues, housing supply and compensatetaken into account the GE
welfare changes predicted by the ESM deviate sntialig both in magnitude

and distribution from those anticipated using avesriional PE approach.

The modelling exercise highlights two key conclasiehat may be drawn about
welfare changes. First, considering the magninfdée welfare impact, the GE

analysis produces a substantially larger - by orderoof magnitude - total
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willingness to pay value than the PE analysis, dating that the general
equilibrium adjustments that occur in responseht folicy change, propagate
and add to the initial environmental change annakely, convey larger overall
welfare gains to households. Second, with regaydfie distribution of these
welfare changes, the PE analysis suggests thadtiaggenvironmental policies
directly towards poorer households could increhsé tvelfare and act as a tool
for redistribution. The GE analysis contradictss thssertion and suggests that
the property market acts to channel these targe¢eefits away from renters
towards owners and away from lower income househtdavards wealthier
ones. As a consequence of this mechanism, enveotanpolicy is at best a
convoluted tool for redistribution and at worstiezly misguided. Indeed, in the
example presented here the overall amount of rduision is small and, despite
the policy being targeted, the redistribution taes take place is regressive in

nature.

The GE analysis also has implications for the ¢ffecess and equity
implications of initiatives like the 1973 Land Coemsation Act. The motivation
behind the payment of compensation is to reimbursaseholds who are
subjected to welfare losses as a result of thecyolOur results show that the
payment of compensation to homeowners (and nogm®nserves to broaden the
inequality between the welfare effects experienbgchomeowners and those
experienced by renters. Moreover, the magnitudeoaipensation far exceeds
the amount required to make these homeowners aoff@s they were before
the policy change. By neglecting to account far thedium term adjustments
that take place, the compensation mechanism thuonies a tool for

redistributing welfare to homeowners.

In conclusion, policies that affect local enviromtad quality have complex
distributional impacts. Although relatively youmgy terms of their theoretical
development and range of applications, ESMs progideamework which can
provide insights into both the magnitude and disifion of the welfare effects
that result from a policy change. The analysisgmesd in this paper has focused
upon introducing an endogenous tenure choice in H8M framework.

However, there are a several other theoreticaleanglirical considerations that
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present continuing challenges. First, there arenumber of additional
complexities that have not been addressed in tapemp such as the role of
moving costs (Kuminoff 2009), duality between resitial and labour market
decisions and a more complete development of hgusipply with a buy-to-let
property market. A comprehensive analysis woulcedndo bring these
complexities together into a single model. Secoffdm an empirical
perspective, further work on estimating or caliimgtthe baseline model is
needed. To achieve this, improvements are needeams of the availability of
information relating to mortgage payments, owngrsti the stock of rental
housing and the nature of medium to long term husupply. This is an active
and rewarding area of research with many on-goexgldpments and avenues
for future work, which will have profound impacta the way in which welfare

analysis is conducted.
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CHAPTER 4

Exploring Mortgage Interest Deduction Reforms:
An equilibrium sorting model with endogenous tenurechoice
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1.0 Introduction

“The benefits of homeownership for families, comitnesrand the nation are
profound.” - Elizabeth Dole

The promotion of homeownership has been a widedpaga long-term focus of
public policy (Andrews and Sanchez, 2011). Suppartsuch policies derives both
from political ideology and from a belief that hoowenership delivers positive
spillovers. Homeowners, it is argued, have greatsentives to invest in the physical
and social capital of their communities, thus pdowy private and public benefits.
There is a substantial body of empirical evidertta tends credence to this view.
Homeownership is strongly correlated with propecgndition and maintenance
(Galster, 1983), neighborhood stability (Rohe, 199&tz and Haurin, 2003), child
attainment (Green and White, 1997, Haurin et &I022 Bramley and Karley, 2007),
citizenship (DiPasquale and Kahn, 1999) and loweme rates (Glaeser and
Sacerdote, 1996, Sacerdote, 1996, Sampson and ritaustie 1997Y.

A wide variety of policy measures have been implei®@ to promote
homeownership. Attempts have been made to encoutegeupply of mortgage
lending: for example, in the U.S. through the ds&thiment of Government Sponsored
Entities providing liquidity and security for mogge lenders. Policies have also been
implemented to encourage particular groups into dmamership: for example, in the
U.K. through the Right to Buy scheme for social $iag tenants. Homeownership
has also been promoted through the tax systentheaugh exemptions from capital
gains tax on property sales and mortgage inteeghiction (MID). MID, the focus of
this paper, allows taxpayers to subtract inter@sdl pn a residential mortgage from

their taxable income.

MID is present in the tax laws of many countrieduding the U.S., Belgium, Ireland,

the Netherlands, Switzerland and Sweden and wasopidy offered in the U.K. and

“00f course, correlation is not causality. Doubtsaamas to whether there is a direct causal
link between homeownership and the observed pesgpillovers or whether households

who choose to own their homes are also more intliogro-social behavior.

133



Canada. It was introduced in the U.S. in 1913 wiherhomeownership rate was 45.9
percent. Under MID and numerous other initiativeemeownership rose after the
Second World War reaching a peak of 69 percent 004%. Currently, MID
constitutes the second largest US tax expendftwi¢h the cost estimated to be some
$104.5 billion dollars in foregone tax revenue Bil2 (Office of Management and
Budget, 2011).

In the context of a large US fiscal deficit, MIDsheome under increased scrutiny. It
has been argued that rather than encouraging honeesiwp the tax subsidy is simply
capitalized into property values making properties more and potentially less
affordable than without the policy (Shapiro and &kr, 2003, Hilber and Turner,
2010). Furthermore, critics contend that MID moseagly benefits high-income

taxpayers who would likely be homeowners irrespectif the tax incentives (Shapiro
and Glaeser, 2003). Certainly higher income housshare more likely to own their

homes, hold larger mortgages and itemize mortgageest payments on their tax
returns (Poterba and Sinai, 2008). Of course, esurbf their higher incomes, they
also itemize at a higher rate (Glaeser and Shap62). As a result, in 2004 the
government paid an average $5,459 in MIDs to haaldshearning over $250,000
compared to $91 for households earning below $00(BOterba and Sinai, 2008).

In the face of strong opposition, particularly o tpart of financial services interests
and housing lobbyists, repeated efforts to reforid Mh the U.S. have borne little
fruit (Ventry Jr, 2010%°. Over the last three budget cycles the U.S. admation
proposed reforms to MID, but on each occasion thodatives have failed to pass
into law. The key element of those proposals wdsriih MID for households paying
the top marginal rates of income tax. Other prolso&a reform include: replacing

MID with a system of tax credits (Follain et al99B, Dreier, 1997, Green and

“Source: U.S. Census Bureau.

2 The largest being the exclusion of employer cbations for medical insurance and
medical care.

43 |n March 2011 Moe Veissi, the president electh&f NRA, launched a call for action to
Preserve, Protect and Defend the Mortgage IntEregdtiction.

http://www.realtor.org/government affairs/mortgagerest deductian
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Vandell, 1999), scrapping MID in order to fund cutdederal income taxes (Stansel,
2011) and replacing MID with a fiscal incentive apenly to first time buyers (Gale
and Gruber, 2007).

The debate is fuelled by a lack of clarity with aeds to how such reforms will play
out. Clearly, eliminating the MID will increase tkest of borrowing for the purposes
of buying property andgeteris paribus cause demand for owned properties to fall.
This reasoning underpins the National AssociatibR&altors claim that “eliminating
the MID will lower the homeownership rate in theStf*. Of course, it is recognized
that the impact of eliminating the MID also deperas supply conditions in the
property market. The extent to which falling demarnghslates into reductions in
homeownership as opposed to falling prices dependbe price elasticity of housing
supply. Bourassa and Yin (2008) estimate that dones groups the negative effect of
losing MID may be more than outweighed by the pasieffect of falling property
prices. Indeed, homeownership amongst such groud actually rise as a result of

eliminating the MID.

What is less widely recognized is that changingketaconditions in the property
market will have ramifications in the closely asated rental market. Falling demand
for homeownership can translate into rising deméordrental housing, increasing
rental prices. More complex still is the interplagtween homeownership and the
desirability of residential locations. When homeewghip contributes to the provision
of various local public goods, reductions in homeewghip in a neighborhood may
reduce their desirability as a residential locati8Bmce residential location choice is
endogenous to the problem, eliminating MID might anly provoke the movement
of individuals between ownership and rental bub alse migration of households

between neighborhoods.

While numerous attempts have been made to idetitéyimpacts of eliminating the
MID (Bourassa and Yin, 2008, Hilber and Turner, @0Toder, 2010) those studies

“ Statement by NAR Chief Economist Lawrence Yun & ftRethinking the Mortgage
Interest Deduction” forum, Tax Policy Center, Wagjton, July 29, 2011.
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have been based on a partial characterizationeoptbblem. This paper develops a
model that more completely describes the complgustaments in spatially defined
and interrelated property and rental markets ams tisat model to explore some of
the possible ramifications of MID reform.

The model developed in this paper is an equilibraorting model (ESM) (Kuminoff

et al., 2010). ESMs provide a framework within whitis possible to examine how
households choose their residential location frogetaof discrete neighborhoods. As
reviewed in Section 2, ESMs have been developexamine a number of economic
issues relating to choice of residential locatids.far as | am aware, however, this
model is the first to simultaneously model purchase rental markets while

endogenising tenure choice. In Section 3 the intows of the model, particularly the
specification of a neighborhood level of public dgarovision whose value depends
in part on endogenous levels of homeownership adiévelopment of an adjustment

process to policy reform that accommodates cag#gls, are outlined in detail.

To elucidate the pathways of adjustment that MIEbna may initiate in property
markets, Section 4 presents a simple two-jurisoictialibration of the model based

on 2000 census data for Boston, Massachu&ettise calibrated model is used to

5 In this chapter | have simplified the problem dowra model with two jurisdictions. This
simplification serves to provide a clear illustoatiof the adjustment mechanisms in the
model. However, in applications the choice of nlnenber of jurisdictions is important as it
defines the choice set faced by households. Theoppate number of neighbourhoods is
defined by the nature of the problem being studibdparticular, each jurisdictions should
provide a homogeneous level of public good prowises a result jurisdictions are likely to
be defined by geographical features such as valleyhich may influence the exposure of
an area to pollutants, local authority boundarissieh as school authority boundaries — and
the spatial extent of spatial interactions suchbeey effects. There is no theoretical limit to
the number of feasible jurisdictions, although magtice this is limited by the computing

power available to the analyst and the resolutich@available data.

If the jurisdictions are incorrectly defined thsslikely to cause bias in the willingness to pay

values derived from the model Kuminoff (2009). §ban arise through two channels: first
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simulate four different MID reform proposals: camppi MID at a rate of 28%,
replacing MID with refundable tax credits, scragpMID and reducing income taxes
and replacing MID with a lump sum payment to newnerg. The simulations allow
us to examine several important questions withniggo MID reform. In particular,
to explore how reforms may impact purchase and ateiptices, levels of
homeownership, the distribution of welfare acrassome groups and the mixing of

income groups within and across jurisdictions.

This analysis suggests that, contrary to existiagrs, with the right policy design it
may be possible to reform MID whilst maintainingethprevailing rates of
homeownership, increasing public goods provisioth @entributing to a reduction in
the federal deficit.

2.0 Equilibrium Sorting Models

In essence, equilibrium sorting models (ESMs) pie\a stylized representation of the
interactions of households, landlords and governnwethin a property market.
Originally developed to explain observed patterhsozio-economic stratification and
segmentation in urban areas (Tiebout, 1956, 04889, Schelling, 1969, Ellickson,
1971, Epple, 1991), ESMs provide a formal accouhtthee process whereby
heterogeneous households sort themselves acrosettttéd neighborhoods within a

property market.

Neighborhoods, it is assumed, differ in quality@dimng to the level of public goods

each provides. Those public goods may reflect gubysical attributes of a location

if the parameters of the utility function are estted from the model the definition of the
jurisdictions will affect the assumed value of geblic goods indices and influence the
implied stratification of households. Second, meotly specifying the jurisdictions will

affect the predictions that are made about how étmigs respond to policy change. |
envisage this having a greater impact in the egfilum of targeted policy changes where
omitting a jurisdiction removes a substitution optithat is or would be available to
households. It would be interesting to see futuoek exploring the sensitivity of WTP

estimates to the definition of the choice set.
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(for example, a neighborhood’s proximity to comni@rcenters) or the levels of
provision of local amenities (for example, the dyadf local schools). An important
distinguishing feature of ESMs is in allowing lo@ahenity provision to be shaped by
endogenougpeer effectsthat is to say, by the characteristics of theaddtouseholds
that choose to locate in a neighborhood. EppleRiat (1998), for example, present
a model in which local taxes and lump sum paymantsdetermined by the voting
preferences of the residents in a neighborhood.il&@iy Ferreyra (2007) and
Nesheim (2002), present models in which schoolityigl related to measures of the

average income of households in a locality.

In an ESM, the mapping of households to qualityedéntiated neighborhoods is
mediated through property prices. Indeed, a saluboan ESM is taken to be a set of
property prices that support a Nash equilibriumoadtion of households to

neighborhoods such that the supply and demand riogpepties are equated in all
neighborhoods. While some simple ESMs have clogsen fsolutions (Epple and

Romer, 1991, Epple and Platt, 1998) equilibria foore complex models, perhaps
including endogenous neighborhood quality, are lsealculated using techniques

of numerical simulation (Bayer et al., 2004, Feragy007).

Over the last decade ESMs have increased in payukand complexity. Recent
modeling extensions allow for moving costs (Bayerak, 2009, Kuminoff, 2009,

Ferreira, 2010), overlapping generatiShEpple et al., 2010, Bayer et al., 2011,

* Like many of the models in the literature, the ES#iéseloped in this chapter adopts a
static framework, in reality households are moke lforward looking agents who make
location decisions in a dynamic setting. This issuetarting to receive attention in the
literature, see Kuminoff et al. for a discussiortlase developments. For example Epple et
al. (2012) develop an over-lapping generations EShhich household preferences are age
dependent. In this two-period model there are goaimd old household types (with young
households becoming old in the second period). pl&ggRomano and Sieg show that
introducing moving costs in their model leads tewdo levels of segregation by income and
age as households are forced to trade-off utilityhe two periods. Similarly, Bayer et al
(2011) develop a model with dynamic timing and taoa decisions using an infinite

horizon life cycle approach in which household erefices change over the life cycle and
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Epple et al., 2012) and simultaneous decisions parallel labor market (Kuminoff,
2007, Kuminoff et al., 2010). In addition, the ESk&mework has been used to
explore empirical data on the distribution of hdwudds and property prices in order to
derive estimates of the value air pollution (Sméh al., 2004), school quality
(Fernandez and Rogerson, 1998, Bayer et al., 28@d)the provision of open space
(Walsh, 2007). ESMs have also been used to exploliey issues such as school
vouchers (Ferreyra, 2007), open space conservdiidalsh, 2007, Klaiber and
Phaneuf, 2010) and hazardous waste site cleanKlp®dr and Smith, 2009). A

comprehensive review can be found in Kuminoff e{2010).

One area that has received relatively little attenin the ESM literature is that of
tenure. Indeed, the vast majority of ESM appliaagionake the assumption that
households rent their properties from absenteedat&l In those applications where
tenure status has been considered it has beeredrezd a fixed household
characteristic rather than a choice variable (Epple Platt, 1998, Bayer et al., 2004).
In reality, of course, households choose from almmof tenure options, with the key
distinction being between ownership and renting. &aumber of issues, such as the
reform of MID policy, the choice of tenure is thentral consideration of the policy

debate.

Accordingly, one of the key contributions of thigper is to describe an ESM in which
tenure choice is endogenised; in the model houdettmbices to rent or purchase a
property are a function of market conditions. Me@g to capture the purported
positive spillovers of homeownership, levels of awnership in a neighborhood
contribute positively to its residential desiratyili in this model, rates of
homeownership contribute to the provision of anagmhous local public good.
Allowing for homeownership in an ESM has other raations, particularly with
regards to simulating the outcomes of policy refowtien those policy reforms result

households anticipate changes in amenity valuepaoes. In the future, | can envisage the
endogenous tenure ESM progressing into an overigpgenerations framework as it
provides a suitable means for exploring the is@fdsorrowing constraints, capital gains,

inheritance and moving costs.
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in price changes in the property market, homeowrasrd renters are impacted
differently. In particular, homeowners will be facby capital gains or losses that are
not experienced by renters. The modeling frameworkhe next section outlines a
method for incorporating that distinction.

3.0 The Model
3.1 The Economy

Consider a closed spatial economy consisting obrtimuum of households. The
model is closed insomuch as households may notabeign or out of the economy.
Households differ in their incomes;, their preferences for housing,, and
preferences for homeownership, Preferences for homeownership represent the
private returns to homeownership that are not zedliwhen renting. Such private
returns are motivated by numerous considerationkidmg i) freedom to modify
housing, ii) satisfaction from homeownership statusl iii) financial returns from
capital gains. The distribution of household typeshe population is defined by the

joint multivariate density functiofi(y, 8, ).

The economy is divided into a set of spatially tse neighborhoodg, = 1,...,J .In
this model, each neighborhood is assumed to haveown local government.
Henceforth, | describe these areas as jurisdictiBash jurisdiction is characterized
by a vector of local public goodg,; = {z;...,zy,qj1,...,q;v}, comprised of
u = 1,..,U exogenous elements,,, andv = 1, ...,V endogenous elementg;,,,,
the level of provision of which is dependent uptwe ttomposition of the set of
households that reside within the jurisdiction. Tiw®vision of public goods is

assumed to be homogeneous within a jurisdiction.

3.2 The Demand Side

To reside in jurisdiction a household must buy housing within it. The decisio
rent,R, or own,0, housing is referred to as tenure choice. | desdtie set of tenure
options asT = {R,0}. Accordingly, our model is characterized by houdeés

choosing to participate in one of a number of progpenarkets each defined by a
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jurisdiction and tenure bundl§, t}. The set of markets is given By= J x T.

Households also choose a quantity of housing, @sidecapproximating real life
choices over the size and quality of home to buyeot’’ Housing is defined as a
homogeneous good that can be purchased at a cbnstanprice,p;, within a

jurisdictiori*® (Epple & Romer 1991, Epple & Sieg 1998, Epple &tP1998, Ferreyra

2007). Housing can also be rented from absentetdals at the rental priceg,

The quantity of housing demanded by a householchamketj, t is denoted;, =

h(p;. 15,95 v.B,6). To become a homeowner a household must take out a
mortgagé’ and pay mortgage interest, to the lender. Mortgage interest is paid only
on the amount borrowed, given by the product ofltfam-to-value ratiod;, and the
value of the housing purchasedh; .. Differences inS; represent the varying abilities

of households to make a down payment. Propertgstgxare paid on both rented

and purchased housing.

Homeowners are permitted to itemize mortgage istazests and property taxes, that
IS, to deduct these costs from their taxable incddnece the marginal rate of income
tax increases with income, the implicit subsidyiteimization also increases with
household income. However, not all households shdo itemize. | use the variable
item to denote whether a household itemizes. Emplyid@mization rates are higher
amongst high-income households. To account fos the model includes the
probability that a household itemizes, which isresged as a function of household

income

“"This simplification is made at the cost of assumsmmewhat unrealistically, that housing

is continuously divisible and can be reconfiguretheut cost.

8 In reality housing is not homogeneous, howeveSiag, Smith, Banzhaf & Walsh (2002)
illustrated, if housing enters the utility functiéirough a sub-function that is homogeneous
degree one, it is possible to construct a “housgimgntity” index tantamount to an empirical

analogue to the homogeneous housing bnit,

9 For simplicity, the model assumes that all houkshmust take out a mortgage.
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Prob(item = 1) = ¥(y) (4.2)
Where¥ () denotes a cumulative distribution function and,

1 if a household itemizes

item = { :
0 otherwise

Accordingly, the implicit subsidy a household rees by itemizing mortgage interest
payments and property tax payments on their taurrleMID(p,h,rp,t,y), is
endogenous to the household’s decision and depepds the purchase price of
property,p, the quantity of housing demandéd,the property tax rate,,, tenure
choice, t, and household income(which also determines the loan-to-value ratio and

the probability that the household itemizes).

Aggregate demand for housing in marketis calculated by integrating across
households,

i = [ [ [ her.p.02dvdpas (4.2)
3.3 The Supply Side
Housing supply is determined by purchase and r@ntgderty prices. Housing supply

may differ between jurisdictions such that the megisupply function for a particular

marketj, t is denoted,

e = H o) 4.3

Note that purchase prices may affect the supplyooising in the rental market and

vice versa.

3.4 Government
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Government operates at two levels, federal andl,ls=ving the dual roles of
redistributing income and providing local publicogis. The federal government raises

revenue through income taxes, charged at a seriesuginal ratest,, which are an
increasing function of taxable income. The taxdphy a household isax, =

tax,(y — MID, t,) .The total federal tax revenue is,

T, = J- j j tax,. f(y,,0)dy dpdo (4.4)
Federal tax revenues are used to finance the jpoavis public goods. The revenue

foregone to mortgage interest deductions is equahé sum of the MID payments

across all households.

TMID = f f f MID.f(y,B,6)dydBdo (4.5)

It is assumed that the federal expenditure on Ipahlic goods provision is organized

So as to allocate an equal amount of revenue pesehold,
Ef = S;(T, — TMID) (4.6)
Wheres; is the share of the population locating in neighbod; .

Local governments raise revenue through proportipraperty taxesrp,50 which are
levied on the value of property. As such, the tptalperty tax revenue of jurisdiction

jis,
Ty = Tppj(HjL,)o + HjL,)R) 4.7)

Local tax revenues are increasing in property primed aggregate housing demand.

Local tax revenues are used to finance local expagedon public goods,

*® Our model considers exogenous tax rates but eastignds to endogenous rates i.e.
through a majority vote (Epple & Romer 1991, EpplIBlatt 1998).
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EL=T

+ nj (4.8)

Total expenditure on local public good provisionerefore, is equal to the sum of
federal and local expenditure,

E = E]F + E].L (4.9
3.5 Local Public Goods

Households derive utility from the combined proorsiof local public goods,

represented by the index,

9 = Zi=1 ViZig + 201 Viedjx (4.10)

Wherey, is the weight placed on th&' element ing. For simplicity | consider the

case wherg; consists of only one exogenoasand one endogenous public goqd,

Wherey is the weight that households placeqgorelative toz and is uniform across
households and jurisdictions. Our specification liegy therefore, that households
agree on the ranking of jurisdictions in termshait provision of local public goods.

Endogenous public good provision within a jurisiotis an increasing function of

three inputs: government expenditu,, homeownership ratep; and other

characteristics of the community of householdsat jurisdictionx;, such that,

q; = q(Ej, pj, xj)

da.  dg; dq:
250 s 0and s ¢
dE; — dp 4% (4.12)
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Our specification makes two important assertionshgt homeownership provides
positive spillovers and ii) that the proportion ltdmeowners in a community rather
than the absolute number is important in deliveringse external benefits. Those
assertions are consistent with the majority of lttezature on the social benefits of
homeownership (Dietz and Haurin, 2003), which sstgéhat homeownership can
have a positive impact upon crime rates, votindigpation, property maintenance,
neighbourhood stability, membership of communityups and the educational
attainment of school children. The presencex;ah the public good production
function defines a peer effect whereby communitgrahbteristics, perhaps median
household income, affect the provision of publicog® Such peer effects have
considerable empirical support (Nechyba, 2003a) laamek been incorporated in a

number of existing ESM specifications (Nesheim,20®erreyra, 2007).
3.6 The Household Optimization Problem

Households derive utility from local public goods,consumption of housing, and
other consumptiorng. Preferences for local public goods are deterdchibg the
parameter that is assumed to be constant across househditdis preferences for
housing are determined by the parameger, which is allowed to vary across

households.

The model also allows for the fact that househalds derive more utility from
housing when they own their home than when they itefor vice versa). Each
household is characterized by a value for the petaréi, which scales the utility

derived from housing for homeownership. Valued® gfeater (less) than one imply

that a household gaimsore (less) utility from owning housing than froemting.
Household utility is defined by the function,
Ui,j,t = U(hl t,c; Yi &, ﬁi: 8[; .g]) (413)

The household optimization problem can be decontpas® two stages. First, a
household calculates its optimal housing and copsiom choices for each market.
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The conditional maximization problem is,

max U;(h, t,c; v, @, By, 0;, gj)

hclj,t
S.t.

tax, + rjh; + T,p;h; +C t=R |
y:{ Attt mE)D ke _ (4.14

taxy + (1+ 1, + mé)p;hy t=o0.

Which yields the following conditional indirect lity functions,

- _[VmgpyeaB)  t=R

bt V(Pj’gjiyi, a,fBi,0;)) t=0. (4.15)

Subsequently, households select the jurisdicti@htanure combination that provides

them the greatest level of utility.
3.7 Equilibrium

An equilibrium of the model is defined by a setjofisdictions,C , a one to one
correspondence of households to jurisdictions amdassociated set of rental and
purchase prices for each jurisdictign= {p,...,pj,11,...,7;}, such that,
1. Each household resides in the jurisdiction thatimees its utility given the
equilibrium vector of prices and endogenous puiptiod provision.
2. All housing markets cleat{/, = H?,,V j,t.
3. Alllocal government budgets balanég, = T,

V-

3.8 Simulating Responses to Exogenous Policy Change

In reality policy changes occur in a world in whibbuseholds already rent or own
existing properties. That reality influences thecome of a policy change in at least
two ways. First, changes take place in the coraéxsin existing housing stock whose
guantity and location has been determined by haldshinitial choices. Second, a

household’s current tenure status determines whetier choices following the
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policy change are influenced by capital gaihsTo see that more clearly, it is
instructive to briefly contemplate how market chemgmpact differently on renters

and owners.

Consider a change that leads to increased renitasprWhen rental prices go up
existing renters are unable to afford their cur@rtsumption bundle. Households can
respond in a number of different ways. They caeralheir tenure choice, for

example, moving from owning to renting. They cdsoamove to another location

where property prices are lower and they can redinee demand for housing and
consumption. Moreover, they can do a combinatibthese. In contrast, consider a
change that precipitates increased purchase prioesing a property outright

prevents changes in prices from making the cugensumption bundle unaffordable:
homeowners are shielded against price fluctuatibtséead, a rise in prices presents
homeowners with the opportunity to sell-up and tlse capital gains to increase

consumption or relocate to a jurisdiction that pdeg more desirable public goods.

To simulate the process of adjustment in the ptgpmarket within the context of
what is essentially a static model requires somefaglconsideration. | first assume
that the market is in a state of long-term equilibr, an equilibrium achieved under
the baseline policy. Households have optimally ehoshere to live, whether to rent
or own and how much housing to consume. To reflbat state of the world, |
imagine a property market in which all the housimgits demanded under that
baseline policy have been constructed and thaetarsting housing units cannot be
demolished in the face of a policy change (thougtytcan be repackaged and new

units may be constructed).

The policy change is introduced into this worldagioint after homeowners have paid
for their current properties at the pre-changegsricut before rent has changed hands,

°1 Other authors have examined the importance of ngowosts in equilibrium sorting
models (Bayer et al. 2009, Kuminoff, 2009). Likepital gains, moving costs can vary
depending on the household’s initial position aastehthe potential to alter the shape of the

equilibrium that results from a policy change.
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consumption goods have been bought and taxes aridage interest have been paid.
As a result of the policy change, households redensheir choices of housing units,
location and tenure status and the model is sdlwethe set of property prices that
bring the market back to equilibrium under the gethconditions. Households then
buy properties or pay rent and make the tax andgage payments due according to

their new housing decisions under these new prices.

For renters, the features of their choice probleloWing the policy change are little
different from those characterizing their choicethie original long-term equilibrium.
In contrast, the choices of homeowners under theaomditions will be influenced by
the fact that any increase (decrease) in the pfiteeir currently owned property will
present them with capital gains (losses).

4.0 Simulating MID Reforms

The model developed above provides a rich enviratinme which to explore the
general equilibrium consequences of reforming Mtiligy. Within that environment
the impact on government expenditure, on pattefnsoommunity composition, on
homeownership rates and on the levels and disioibwdf household welfare can be
considered simultaneously. To undertake this egertiis preferable to examine a
model that replicates the real world. Such a moedeuired reasonable but tractable
functional forms that can be calibrated to prodaceodel that resembles a real world
property market. Following the convention of Eppled Platt (1991) | specifically
model Boston in 2000. To provide a clear and agbégsillustration of the pathways
of change that operate in light of a policy refoitnis prudent to consider a simple
two-jurisdiction version of the model. This sinfgation enables us to trace out
clearly the chain of reactions that occur througgste pathways. The model is coded
in Matlab’® and uses simulation and iterative numerical tepnes to solve for market

*>The Matlab code is available from the author upsguest. | would like to thank Kerry
Smith, Dennis Epple and Maria Ferreyra for providiotata and copies of their code for

solving other ESMs).
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clearing prices and provision of endogenous pupinds (Lagarias et al., 1998)
4.1 The Proposed Policy Reforms

The current debate regarding reform of MID polisymotivated in part by the large
U.S. deficit. Indeed, as part of plans to reduee tieficit, President Obama submitted
federal budget proposals in 2011 and 2012 thatsadvapping itemized deductions,
including MID, at 28 percent. Both times Congreas rejected the recommended tax
reforms>* All the same, | take the proposal of capping MIZ2& percent as our first
potential policy reform. In practice, this policynaunts to limiting the implicit tax

subsidy to homeowners paying a marginal rate afnmetax above 28 percent.

| also consider three alternative MID-reform paii a refundable flat-rate tax credit,
an income tax reduction and a new owner scheme.asSim compare the various
proposed policies, | make the assumption that ¢méral motivation for reform to the
MID is reduction of the budget deficit. Accordiggll calculate the reduction in
deficit brought about by our baseline reform ofSap2rcent cap on MID. | then tailor
the three alternative MID-reform policies to enstirat they facilitate the exact same

reduction in the budget deficit as the ¢ap.

Let us briefly review the alternative MID-reform lpmdes. First, replacing MID with a
refundablé® flat-rate tax credit has been advocated by bothGbnter for American
Progress, who propose a 15 percent refundable teditc and the National
Commission on Fiscal Responsibility (2010), who poge a 12 percent non-

refundable mortgage interest tax credit. For thgppses of our simulations, | model

3 Due to endogeneity, the uniqueness of the equitibris not guaranteed. One way to
explore this is to alter the initial values usedha code. In the simulations discussed below,
this procedure had no influence on the outcomegesiing uniqueness of each equilibrium.
** The same proposal has been included in the 20dgebproposals.

*> Revenue equivalent policies were found using echearocess.

** Here the term ‘refundable’ indicates that housesathose income tax liability is lower
than the value of the credit actually receive anpayt from the Treasury covering that

difference.
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this reform as being a policy change in which M abandoned and, instead, all
households who are owners can claim back a flatypatcentage of their mortgage
interest and property tax costs. As explained prgly, that flat rate is chosen such
that cost savings achieved by this policy are idahto capping MID at 28 percent.

Our second alternative MID-reform policy followsetiproposal made by the Reason
Foundation (Stansel, 2011) to scrap MID and instiedicbduce a revenue neutral

reduction in federal income tax for all householdere, | consider a policy in which

MID is abandoned and a portion of the savings wmegoment expenditure are used to
fund an equal percentage reduction in income taalfchouseholds. Again, the level

of income tax reduction is chosen such that thepalchieves the same reduction in
the federal government budget deficit as the gth@posed reforms.

Our final alternative MID-reform policy takes maditton from the First Time Buyers
scheme proposal made by Gale & Gruber (2007), whigjgests scrapping MID and
introducing a refundable payment to first-time mgym the first year after a property
is purchased. In the model this is achieved throagdew Owner Scheme, which
makes an equal lump sum payment to new homeowagesn the level of payments
to these first time buyers is chosen so as to ensamparability in the reduction of
the federal budget deficit across reforms.

4.2 Calibration

To carry out our simulations, specific functionalrhs have to be selected for the
various structural equations of the model and patamvalues for those functions
must be determined. Following the example of Epgle Platt (1998), parameter
values were chosen such that the model approxinthteseality of the Boston
Metropolitan (PSMA) area, though in our applicatldake data for Boston from 2000
and not 1980. Table 4.1 presents a summary ofriapiostatistics for Boston in 2000
and Table 4.2 summarizes the parameters obtainezhliyrating the model to that
reality. The assumptions and methods used in deritriose parameters are explained
in the following.
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y Mean Income (2000 USD) 74,119
Ymedian | Median Income (2000 USD) 55,183

p Homeownership Rate 0.72

z Mean Air Quality (vO,) 3

q Mean School Quality 420

Table 4.1: Empirical Statistics for Boston in 2000

4.2.1 Jurisdictions

To allow the pathways of response to MID reformbi studied with reasonable
clarity, | explore a simple two-jurisdiction versi@f model. Extensions to multiple-
jurisdiction models are relatively easy to implemebut greatly complicate
interpretation. Again following Epple and Platt €89, | achieve that by simply
imagining that the Boston Metropolitan area is d@d into two jurisdictions that |
label A and B.

4.2.2 Households

Households in the model are characterized by thae@meters: incomg, preferences
for housing,8, and preferences for homeownersldipThe first step in calibrating the
model, therefore, is to establish the joint disttibn of those parameters amongst the

residents of Boston in 2000.

As made explicit shortly, a Cobb-Douglas utilitynfiion is assumed such that a
household’s preferences for housifg, equate to the proportion of their income that
they spend on housing. That data along with inféionaon household income;, is
available from the census. To establish the jdiistribution ofy andpg | fit a
bivariate-normal distributiofi(iny, ) ~ N(ur,2r) to 2000 census data for Boston.

Parameter values from that estimation are recordeithe first row of Table 4.2.
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Notice thatf is negatively correlated witp, indicating that high-income households

spend a smaller proportion of their incomes on mauthan low-income households.

Parameters

Description

Calibrated Value

(In(y),B)~N(us, Zf) Income and Preferences for housing

a

In[6
— 1] ~N(ug, 4)

8o, 01

Y()

Preference for Local Public Goods

Preference for Homeownership

Mortgage Interest Rate

Parameters of the Loan to Value
Ratio Function

Probability of Itemising

Income Tax Bracket (lower limits)
Marginal Income Tax Rate

Property Tax Rate

Weight on School Quality in Public
Goods Index

Elasticity of Housing Supply

ps = [10.604,0.149]
5 =[ 1.045 —0.0503]
F = 1-0.0503 0.007

0.35

(uo,05) = (=2.0,9.0)

0.1339

-0.3, 6x107°

<y< Prob(item = 1)
38,000 0.234

72000 0.661
120,000 0.855
240,000 0.981
240,000+ 0.999

[0, 7350, 21982975, 80725, 144,175
[0, 0.15, 0.28, 0.31, PBBI6]

0.5

0.03

Table 4.2: Calibrated Parameter Values
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For simplicity, and due to a lack of existing enqal evidence, it is assumed that
household preferences for homeownerslip, are independent of income and
preferences for housing. Accordingly, values wemawth from a log-normal
distributionin (6 — 1) ~ N(us, 64) with mean and variance chosen so as the baseline
model predicted homeownership rates comparablédeet observed in Boston in
20007. The parameters selected through that procederalso recorded in Table
4.2.

For the purposes of simulating the model, | cremtsimulated sample of 2,000
households, which | denote by=1,...2,000, with income,y;, and preference

parameters; andd; drawn from those estimated distributicfis.
4.2.3 Taxes

In 2000, Federal income taxes were structured sitanarginal tax brackets. Those
tax brackets are defined by lower bound incoryeys,, at which the corresponding
marginal tax rates;,, become payable. The first bracket ranging froooime of $0

to $7,350 has a marginal tax rate of zero. Accalglin$7,350 is often referred to as
the standard deduction. The tax brackets and adsdcimarginal tax rates are
recorded in Table 4.2. Table 4.3 illustrates hbesihcome tax payable is calculated

for households in each of the tax brackets.

The property tax rate,,, was set at the average level for Boston in 2Gf)@gudata

supplied by the Massachusetts State Government.

To capture the correlation between income and #atin rates, the probability of a

>" Equilibria were also characterized for a rangaltérnative to explore the sensitivity of
the results to the parameterization and to allowsizeration of the range of permissible
outcomes. The results remain qualitatively unchdrayel are not reported here, however a

full set of results is available from the authobopequest.

*8 The baseline model was also run for populatioassif 500 and 10,000. This did not alter

the results and conclusions that could be drawn.
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household itemizing was calibrated using data emiiation rates by income in
Poterba & Sinai (2008), which is reproduced withable 4.2.

Income is greater but less than
Bracket | than... Tax Payable
1st 0 7350 0
2nd 7350 21925 0 +15% x amount over 7,350
+28% Xx amount over

3rd 21925 52975| 2,186.25 21,925

10,880.2 +31% x amount over
4th 52975 80725 5 52,975

19,482.7 +36% x amount over
5th 80725 144175 5 80,725

42,324.7 +39.6% x amount over
6th 144175 - 5 144,175

Table 4.3: Income Tax Brackets 2000

4.2.4 Mortgages

In our model, the size of mortgage needed by a bamer is determined by their
loan-to-value ratio paramete¥;,. For the purposes of the simulation, the relatigns
between loan-to-value ratio and household income &simated empirically using
data from the Survey of Consumer Finances reprabucd’oterba & Sinai (2008).

Using that estimated relationship the paramé&tevas calculated as,
In 51' = 50 - 5yyi

Whered, andé,, are the estimated regression coefficients,

Ing; = —0.3 — (0.00006)y;
(0.058) (0.000009) (4.16)

Sinced,, is positive, wealthier households face lower ltawalue ratios and, as a

consequence, lower marginal costs of purchasingihgu

The mortgage interest rate, was set to the average level for Boston in 20€§l@gqu

data supplied by the Federal Housing Finance Aatooi
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4.2.5 Housing Supply

Housing supply is specified using a Cobb-Douglascfion following Epple and
Romer (1991) and Epple and Platt (1998),

S _ n
Hj,t - Aj,tp]',t

(4.17)
Where4;, is a constant reflecting property market factoughsas local zoning
restrictions, p is the price of a homogeneous ohihousing andn is the price

elasticity of housing supply.

Following Epple and Platt (1998) is set to three in all markets for the baseline

simulation®.

As | mentioned in the introduction, it has beenedothat the degree to which
reforming mortgage interest deduction will leadfaétling homeownership rates or
falling property prices depends on the price at#gtof housing supply. The housing
supply elasticity adopted here was 3 which impijese elastic housing supply. More
recent work by Siaz (2010) suggests a price elpstltat is closer to 1 might be more
suitable for the Boston metropolitan area in 20W¢hilst the pathways of adjustment
would remain the same, as the elasticity of housupply contracts | would anticipate
that the results of the model simulations will atdtange: A tighter elasticity will
work to offset the gains in utility derived fromdugctions in rental prices since the
influx of previous owners into renting will causeegter pressure on prices the lower
the elasticity of housing supply. | would expdastto also lead to fewer households
moving out of owning, thus causing property priteall by a smaller amount than in
the case with more elastic housing supply. Assaltgit is likely that the less elastic
housing supply is, the smaller the potential foingain homeownership from

reforming MID®°

% Alternatively,n could be set to 0 to produce a completely inaldstusing supply.
® Replicating the simulations with a price elasti@fyhousing supply equal to 1 confirms this

intuition. The patterns of sorting observed in thaseline remain the same, although
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4.2.6 Local Public Goods

For the purposes of simplification, the calibratesbdel considers only one
exogenously determined local public good and ordogenously determined local
public good. The extension to multiple local pubtipods is facile, but adds

complexity to the interpretation of the simulati@sults.

| take air quality to act as a representative emoge local public good. In our
simulation, air quality is defined in units of migen oxides concentration (measured
in pphm) below the highest level observed in Bostothe Massachusetts Air Quality
Report. Using that measure, the mean level fogaality in Boston in 2000 was 3.
Accordingly | set air quality in jurisdiction B tiat level but assume that jurisdiction

A offers a slightly higher level of provision, 4.

Likewise, | take school quality to act as a repnésttve endogenous local public.
School quality is a natural choice in this regarctes empirically it is correlated with
many other measures of local public good provigBlack, 1999, Bayer et al., 2004,
Bramley and Karley, 2007). Also there is an insneg body of evidence to suggest
that school quality is determined, in part, by levef local homeownership (Dietz,
2002, Dietz and Haurin, 2003).

Following Nechyba (2003a), Nechyba & Strauss (19%¢rreyra (2007) and
Fernandez & Rogerson (1998) school quality is deteed by a production function.
The functional form adopted in those papers is redéd here to include a term

relating to homeownership,

equilibrium property prices and rents are higheflecting the less elastic supply. Evaluating
the 28% cap, the same patterns of adjustment aerdal: The average owned property size
falls as demand contracts; purchase prices fatheslower income renters are encouraged into
homeownership; some previous owners become rentéoaever, in this case the inflow of

demand into the rental sectors causes overallaserein rental prices which remove some of

the gains to renters.
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_ é ¢2 1-¢p1—¢
qj = AEj 1Ymedian]' ij s (4.18)

WhereE is expenditure per pupiy,eqian IS median household income amdés the

homeownership rate.

To calibrate the production function (19), | regres state level measure of school
quality (combined fourth grade mathematics and irgp@ttainment score) against
state level measures of median household inconmagbanership rates (both taken
from 2000 census data) and data from the Natigkedessment oEducational

Progress (NAEPYn expenditure per pupil. The resulting regressiguation wa$*

b= iy e harome) D s
4.2.7 Household Preferences
The household utility function is specified as eb@doouglas according to,
U = { gjhPct=*F t=R
PE | gj0hf e F t=0. (4.20)

Carbone and Smith (2008) show that when househeli¢nences are assumed to be
Cobb-Douglas, preference parameters for non-maytietls can be simply retrieved

using estimates of the implicit prices of those -nwerket goods taken from non-

®. Standard errors are shown in parentheses. In ¢ingputed equilibria, income and
expenditure are deflated to match the school pramludunction, which was estimated in
2002 dollars.

This relationship suffers from potential endogenegiroblems since median income,
homeownership rates and expenditures are deterniipetie sorting of households. In
future work | would collect data to facilitate adwstage least squares estimation or calibrate

the school production function using values inlitezature.
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market valuation exercises. Here | take the inipfidce of air quality, p from the
hedonic study by Harrison & Rubinfeld (1978and the implicit price of school
quality, p,, from the hedonic study by Bayer, Ferreira & Mditil (2007). Following
Carbone and Smith, preferences for public goadsnd the weighting parameter,

can then be calculated according to,

o = PzZo + quIO 421
y + PzZp + pqu ( ' )
Pq
y == 4.22
’, (4.22)

Wherep, andp, are implicit prices for air quality and school gtyarespectively, and

subscript 0 denotes a baseline value. The caditbrahlues from this procedure are
0.35 fora and 0.03 fo.

4.3 Results

The long-run equilibrium under current policy cammhs was calculated for a
simulated sample of 2,000 househofdsThe impact of MID-reform was then
investigated by finding the new equilibrium chaeaiting the property market when

each of the four proposed policy reforms was intd from that baseline.

Tables 4.4 and 4.5 describe important featuresi@fequilibrium in the baseline and
for each policy-reform scenario. Table 4.4 presemtsharacterization of those
equilibria in terms of the composition and charasties of the communities in each
jurisdiction. Table 4.5 characterizes the equidibdfriom the perspective of households

in each of the six tax brackets. Throughout oscuaésion of the results | will use the

62 The Harrison and Rubinfield (1978) study wasseimoon account of the location of the
study, this being the Boston SMSA.

% In choosing a simulated sample size one faceade-off between small sample bias and
computational efficiency. For the baseline scenarexperimented with larger population

sizes up to 10,000, but found no significant charigghe characteristics of the equilibrium.
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term “price” to refer to the price inclusive of perty tax since this is the effective

price faced by households.

4.3.1 Baseline with MID

Consider how the equilibrium evolves under the entrrsystem of MID. In the

baseline A and B differ initially only in their egenous provision of public goods.
The better air quality in jurisdiction A shapes tesulting equilibrium. Households
prefer a greater provision of public goods whicbrégases demand for housing in A
relative to B. Consequently, as shown in Table 4M@population of A is higher than
the population of B, with 82.3 percent of all hduslels residing there. As the supply
of housing in A is not infinitely elastic, relatiiyestronger demand in A drives the
prices of housing in A above the prices in B. Thechase price of housing (including
property tax) per unit of homogeneous housing 6$6 in A compared to $75.09 in
B. Likewise, the rental price of housing is $1@Bi2 A and $72.47 in B. The wedge
between purchase and rental prices implies that asarage preferences for

homeownership more than offset mortgage costs.

Price differences between jurisdictions and terotons precipitate the stratification
of households. Column 4 of Table 4.4 confirms ti@aiseholds with relatively strong
preferences for homeownershif), choose to purchase housing whilst those with
relatively weak preferences for homeownership hentsing. Similarly, as can be seen
from column 5 of Table 4.4a, households with whergpa relatively large proportion
of their income on housing, high prefer lower housing prices and choose to reside
jurisdiction B. SinceS is negatively correlated with income, this alséraduces
segregation by income. As shown in Table 4.5a d6lpercent of households in the
lowest income tax bracket (1st) choose to live itdnpared to 100 percent in the
highest tax bracket (6th). Consequently, the medi@ome of households in A is

almost 3 times that of B.

Within each jurisdiction some households rent whithers own. Recall from the
calibration that households with higher incomesfagelatively lower loan-to-value
ratios and, under the existing MID policy, can iteentheir mortgage interest and
property tax costs at a relatively higher margnad. Accordingly, the marginal cost
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of purchasing housing is lower for higher-incomeuseholds and, ceteris paribus,
households with high incomes are more likely todmee homeowners. As shown in
Table 4.5a, only 50 percent of households with mmes below the standard deduction
choose to own compared to 72 percent of househaldbe highest income tax

bracket. This result is consistent with observedh&ownership rates in Boston in
2000. Returning to Table 4.4a, the concentratiomigher income households in A

leads the homeownership rate to be slightly highan in B.

Recall from equation (4.5) that local property taxenues depend on both purchase
prices and the total quantity of housing demandhed jurisdiction. In the baseline
equilibrium, higher property prices in A more thaffiset larger property sizes in B
such that tax revenues per household in A exceesetin B: $22,097 and $21,490
respectively. Larger local tax revenues translatectly into higher levels of local
government expenditure on the endogenous publid.glvoaddition, since median
income is higher in A than B (column 7, Table 4,4ajisdiction A also benefits from
relatively larger provision of the public good thgh a stronger peer effect. Overall,
provision of the endogenous public good is higheh, with a school quality score of
450 than itis in B, at 323. That difference iosion of the endogenous public good
acts to exaggerate further the patterns of sodpayked by the initial difference in
public goods provision.
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Baseline
Purchase 4 0.51 166.661.1 0.2 86020 114
A Rental 0.31 108.25 1 0.2 67820 49223 0.62 135 22097 440
Purchase 3 0.1 75.09 1.10.4 25230 153
B Rental 0.08 7247 1 0.422630 16546 0.57 175 21490 323
28% Cap
Purchase 4 053 113.251.1 0.2 83550 111
A Rental 0.3 107.39 1 0.2 71000 48988 0.64 141 22621 457
Purchase 3 0.1 7349 1.10.4 24530 154
B Rental 0.07 7172 1 0.424000 16613 058 184 22092 326
19% Flat Rate Tax Credit
Purchase 4 0.5 107.311.1 0.2 86980 117
A Rental 0.33 106.22 1 0.2 65540 48800 0.6 138 22461 442
Purchase 3 0.1 68.85 1.10.4 28180 152
B Rental 0.07 7271 1 0.423670 16911 0.58 179 21786 326
2.89% Income Tax Reduction
Purchase 4 0.52 113.251.1 0.2 86000 111
A Rental 0.31 104.71 1 0.2 65540 47755 0.63 138 22683 457
Purchase 3 0.1 77.76 1.10.4 27040 170
B Rental 0.07 7203 1 0.422660 16911 0.6 179 22592 334
New Owner Scheme
Purchase 4 0.6 117.2 1.10.2 79266 100
A Rental 0.23 98.17 1 0.278770 48837 0.73 186 21535 490
Purchase 3 0.14 8145 1.10.4 22855 147
B Rental 0.03 7036 1 0.429963 16033 0.76 240 21183 379

* Wherep’ = (1 + ,,)p for the purchase market apti= r + 7,,p for the rental
market. All prices are in 2000 USD.

Table 4.4: Characterising Equilibrium by Jurisdiction
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Baseline
1st Lowest 0.2 0.2 03 0.3 28.85 0.05 370 0
2nd 0.37 0.28 0.2 0.15 67.65 0.57 399 26
3rd 0.49 0.35 0.1 0.06 118.03 0.59 423 199
4th 0.62 0.34 0.03 0.02 174 0.64 436 868
5th 0.64 0.32 0.03 0.01 225.2 0.67 437 1484
6th 0.72 0.28 0 0 313.5 0.72 441 4477
28% Cap
1st Lowest 0.25 0.18 0.29 0.29 28.88 0.54 393 0 1.00
2nd 0.39 0.26 0.21 0.15 67.59 0.60 420 124 1.00
3rd 0.51 0.33 0.10 0.06 118.32 0.61 444 847 1.00
4th 0.63 0.33 0.03 0.02 174.39 0.65 457 2284 1.00
5th 0.64 0.32 0.03 0.01 227.01 0.67 458 3388 0.84
6th 0.69 0.30 0.00 0.01 319.55 0.69 462 4978 0.83
19% Flat Rate Tax Credit
1st Lowest 0.16 0.23 0.31 0.3 28.49 0.47 371 71 0.56
2nd 0.34 0.31 0.19 0.15 66.88 0.53 402 204 0.38
3rd 0.47 0.37 0.1 0.06 117.7 0.57 424 382 0
4th 0.63 0.32 0.04 0.01 170.48 0.67 436 757 0
5th 0.64 0.32 0.03 0.01 224.52 0.67 437 893 0
6th 0.69 0.29 0 0.01 315.44 0.7 440 1093 0
2.89% Income Tax Reduction
1st Lowest 0.27 0.2 0.26 0.27 29.82 0.53 390 0 0.97
2nd 0.38 0.28 0.19 0.14 69.11 0.58 413 28.83 0.98
3rd 0.5 0.34 0.1 0.05 120.65 0.6 434 155.48 0.97
4th 0.63 0.31 0.04 0.02 176.3 0.69 446 386.1 0.85
5th 0.63 0.33 0.03 0.01 234.44 0.64 448 768.52 0.87
6th 0.73 0.26 0.01 0 320.93 0.74 451 2384.49 0.93
New Owner Scheme
1st Lowest 0.37 0.06 0.5 0.06 30.12 0.87 427 1417 1
2nd 0.52 0.11 0.29 0.08 66.4 0.81 449 1154 0.99
3rd 0.6 0.25 0.1 0.05 12296 0.7 474 674 0.97
4th 0.64 0.3 0.04 0.02 183.48 0.69 484 495 0.86
5th 0.66 0.3 0.03 0.01 240.92 0.68 485 384 0.88
6th 0.72 0.27 0.01 0 336.08 0.72 488 180 0.93

Table 4.5: Characterising Equilibrium by Income Tax Bracket
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4.3.2 28% Cap

Now consider how things change when MID is capped r@ate of 28 percent. Under
the new policy those households in the top thredtackets who had previously been
able to itemize their expenditures on mortgagerésteand property tax at 31, 36 and
39.6 percent respectively, would now be limitediteamizing at 28 percent. In the

absence of other adjustments, the cap raises thengiecost of housing for the 85

percent of households in the top three income takkets that itemize mortgage on
their tax returns in the baseline. Characteristicthe new equilibrium are presented
in Tables 4.3b and 4.4b.

The immediate impact of the reform is a reductiordemand for housing amongst
existing owners in the top three tax brackets. A@ws in column 3 of Table 4.4b,
contracting demand is accentuated by the assumgt@nhousing units cannot be
destroyed leading to downward inelasticity in theusing supply function.

Accordingly purchase prices shrink by around 2.3ceet in both jurisdictions.

Interestingly, this fall in purchase prices stimeata entry into homeownership by
previous renters. Ultimately, the reform transfortine purchase market in A from a
small number of large properties to a larger nundfesmaller properties. In contrast,
average property sizes in B edge up as a resulanofinflux of high-income

homeowners, forced out of A by the increased cok& mortgage, who opt to buy

large properties in jurisdiction B’s relatively apeer property market.

These adjustments spill over into the rental markee movement of a number of
renters into the purchase market contracts demandehtal housing. To meet the
rental supply constraint, rental prices fall (bg @ercent in A to $107.39 and by 1.1
percent in B to $71.72) inducing existing renteysekpand their housing demand.
Consequently, adjustments in the rental marketttaemirror image of those in the
purchase market; a smaller number of households remt somewhat larger
properties. Comparing column 9 of Table 4.4a adt 4onfirms that the mean owned

property size falls by 1.4 percent whilst the meamtal property size increases by 4.1
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percent®. Despite some migration from B to A, the medianomes of both are

almost entirely unchanged (column 7, Table 4.4b).

Further effects are triggered through the impadhote adjustments on the levels of
provision of the endogenous public good: Firstotigh changes in homeownership
and, second, through changes in local propertyréagnues. While homeownership
rates fall amongst those in the very top tax breckéis direct impact is more than
offset by increased homeownership in the lowerlieackets occasioned by falling
purchase prices. Overall, homeownership increased.® percent in A and 0.8
percent in B. Property tax revenues rise in botfisglictions despite the fall in
purchase prices because of a rise in the totaltipast housing demanded. The
property tax revenues per household go up by 2depein A and 2.8 percent in B.
The combined effect is a rise in the provision ablc goods in both jurisdictions,
with school quality rising by 1.6 percent to a gof 456 in A and by 0.9 percent to a

score of 326 in B.

Perhaps unexpectedly, despite policy reform caristg a significant (23.2 percent)
reduction in federal government spending, withie simulation the knock-on effects
of a policy capping MID at 28% actually precipitatgeneral welfare increases for
households in our simulated population. The keyedrof that finding is that a policy
that increases mortgage costs for high-income hmlde has the effect of reducing
their demand for housing without causing those bbakls to switch out of owning.
Falling demand for housing reduces property pribasjng positive impacts for low-
income households and encouraging more of themhiotoeownership. Consider the

® This is partly due to the assumption that the mgustock is divisible and can be easily re-
packaged, in reality this is like dividing a hous¢o several flats etc. As discussed in
chapter 3although repackaging, also referred to as conver$ias been discussed in
a number of papers (Capozza and Helsley, 1989,dPiaglh 1990, Rothenberg et al.,
1991, Montgomery, 1992, Maddison, 2000) that discu®sts arising from

bargaining, regulatory requirements and constractibe housing supply literature
has focused on new construction and, as a resistdifficult to find any empirical

work quantifying the extent of these costs.
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final column of Table 4.5b, the rise in public gopvision and fall in rental and
purchase prices leads to utility gains for all rehads in the lowest four income
brackets. Moreover, despite being most directly askersely affected by the cap, 84
and 83 percent of households in tffeahid &' income tax brackets experience gains in

utility, primarily through the increased levelsgrbvision of local public goods.

4.3.3 Refundable Flat-Rate Tax Credit

A seemingly more progressive reform of MID wouldtbeaeplace the current system
with a refundable flat-rate tax credit. Under tpb@icy, rather than being able to claim
MID against income tax, the federal government keirses all homeowners a certain
percentage of their mortgage interest paymentsmamtain comparability with the

MID cap reform, | consider a refundable tax crexfitl9 percent which leads to the

same overall deficit reduction.

In contrast to capping MID, the introduction of axtcredit has immediate
implications for all households. In the absencarmf other adjustments, the marginal
cost of purchasing housing reduces for househaldise lowest two tax brackets and
all non-itemizers. For itemizers in the top four baackets the marginal cost rises. For
the top tax brackets, the MID cut is more seveenthnder the cap (down to 19%
compared to 28%). Accordingly, as in the caséefdap, the reduction in MID leads
to a contraction in housing demand amongst previousers in the top tax brackets.
Since those households are nearly exclusively éocat A that demand contraction
reveals itself as a fall in purchase prices in foasdiction to $107.31 (column 2,
Table 4.4c).

The pressures pushing down demand for propertyhpsges in A are partially offset
by further adjustments in the property market.tFasyumber of households who were
renting in A choose to switch to owning in thatigdiction as the price of purchasing
falls. Second, low-income homeowners in B, who wewe previously itemizing, are
benefited by the tax credit and the reduction iopprty prices. Some of those
households now choose to purchase property in A. ifikfmigration of relatively low-
income households serves to reduce median incofueisdiction A (column 7, Table
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4.4c).

As previous owners become renters, the rental camiynin A grows putting upward
pressure on rental prices. Those increases are timaneoffset, however, by falls in
local government property taxes. Recall propertgsaare based on the purchase price
of housing and since purchase prices are fallingy, iso are property tax bills. Overall,
the rental price in A (inclusive of property taxll§ to $106.22. The mean property
size in the rental market in A falls slightly aswdwizing by existing renters
outweighs the larger housing demand of previous essvrswitching to renting.
Ultimately, falling homeownership and falling medifousehold income in A are
responsible for a reduction in public good prowuisia that jurisdiction (column 11,
Table 4.4c).

Complex patterns of change are also observablerigdjction B. First, in the face of
higher costs some high-income itemizing owners imeBuce their property sizes
while others become renters. As a result, purchases in B fall to $68.85. Second,
non-itemizing owners use the tax credit to purcHasger properties. Third, a number
of renters now stand to benefit from the tax crégitbecoming owners. In doing so,
they opt for smaller properties. As is shown inucohs 8 and 9 of Table 4.4c, in
contrast to jurisdiction A, the homeownership riateB rises slightly by 0.4 percent
and the mean size of owned properties increasesabd for rental housing increases
as households switch from owning to renting. Tpavard pressure this exerts on
rental prices is not completely offset by reducsiam property tax (via lower purchase
prices) and the rental price (including taxes)gite $72.71. Changes in rental price
and housing demand increase tax revenues, whighlembwith higher median income
(due to inward migration of higher-income housebdidm A) and homeownership
causes the endogenous provision of local publidgao B to increase by 0.9 percent
to 326.

The flat-rate tax credit causes substantial chamgesss the economy, stimulating
changes in the tenure and location choice of oZepdrcent of the population. The
progressive nature of the policy makes it unsuigishat the majority of the benefits
are focused upon the lowest two tax brackets. WWhatrprising, however, is that a

smaller proportion of households in the bottom tm@me tax brackets benefit from
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the tax credit in comparison to the cap, primaaya result of the negative impact on
public goods provision in A. In addition, more stamgial increases in the costs of a
mortgage and a reduction in public goods provisesults in losses for all households

in the top four income tax brackets.
4.3.4 Income Tax Reduction

Consider next a policy that removes MID and usegésultant tax revenues to reduce
federal expenditure (by 23.2 percent to maintaimgarability with the cap policy)
and reduce income taxes by cutting all positivegimal tax rates by 2.89 percétt.

For non-itemizers and renters, this reform is galhepositive. Their lower income
tax liability opens up the possibility of consumilagger properties or relocating to A
to enjoy relatively higher levels of public goodopision. For homeowners, the
immediate impact of the reform depends on incomeuddholds in the lowest tax
bracket do not pay income tax and, as such, aremmoediately affected by the policy
reform. For homeowners in thé“2tax bracket, housing expenditure represents a
significant proportion of their income. The scrappof MID is a significant loss and,
for those with incomes below $50,000, more tharseiff their reduced income tax
liability. Accordingly, the dominant patterns of aiige are for households in this
group to switch to renting or to relocate as ownerB8. In contrast, homeowners with
income above $50,000 tend to be advantaged by alieypreform. Accordingly,
despite facing higher marginal costs of purchasmgny households in this group
remain owners though some choose to switch outwiirggy and use their increased

income to rent larger properties.

® In this discussion | abstract from changes in lalsupply that may occur as a result of
the reduction in income tax. Households receianlymp sum payment, proportional to
their income tax burden may increase or decrease ldbour supply in response, which
would have a further effect on the income and comion choices made by these
households. In future work it would be useful hadrporate the labour market to allow
these interactions to be modelled. In the abseheelabour market model | am implicitly

assuming that household labour supply decisionsnatealtered by a reduction in their

income tax burden.
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The characteristics of the new equilibrium are @nésd in Tables 4.4d and 4.5d.
Overall, in A the population increases, mean prigpeize falls as new owners
purchase smaller properties than existing ownedstha purchase price falls by 0.6
percent to $115.95 as low income owners exit theketaRental prices also fall, by
3.3 percent, to $104.71 as demand declines (col@miTable 4.4d). Higher
homeownership and tax revenues serve to increaggrdwision of endogenous public
goods, providing indirect benefits to some housghat the bottom of the income
distribution not benefitting directly from the ta&duction. In jurisdiction B, higher
housing demand increases homeownership by 2.2 miesioe raises purchase prices
by 3.5 percent (column 8, Table 4.4d). Higher raedncome and tax revenues also
contribute to a greater provision of endogenousdipgiood.

Despite its seemingly regressive design, this poficreases utility for the majority of
households. For higher income households, thayubknefits of the income tax cut
tend to outweigh the loss in MID. Indeed, the pmbipa of households in the top two
income tax brackets who gain from this policy refois larger than under the 28
percent cap® Even amongst households in the lowest tax bracketre the policy
has no immediate impact, 97 percent experiencesgairutility (column 9, Table
4.5d). Those gains are largely achieved througarattarket adjustments that increase

public good provision.

4.3.5 New Owner Scheme

This final policy reform replaces MID with a New @er Scheme that pays a lump
sum of $2,250 to new homeowners. Again, this ienere equivalent to the MID cap
policy. The characteristics of the equilibrium untl@s policy appear in Tables 4.4e
and 4.5e.

® Although administrative costs are not explicithcluded in this model, future work may
wish to consider the additional advantage of the reeduction’s lower administrative

demands.
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As with the other reforms, the removal of MID hhe tmmediate effect of contracting
housing demand amongst existing homeowners andusagiag substitution towards
renting. Those responses put downward pressureuochgse prices and upward
pressure on rental prices. The introduction of & r®vner payment, however,
stimulates entry into homeownership amongst previeaters. As households exit the
rental market, pressure on rental prices is altediand the final result is that those
prices fall significantly, by 9.1 percent in A a@d® percent in B, to meet the housing
stock constraint. In contrast, the demand presswgated by these new homeowners
results in increased purchase prices, rising byp8rdent in A and by 8.4 percent in B
(column 3, Table 4.4e). While the group of new omsnes large, each household
demands a relatively small property. Mean ownedpgry sizes fall and

homeownership rises significantly, reaching 73 getin A and 76 percent in B.

Despite higher purchase prices, tax revenues im joosdictions fall as a result of the
lower total housing demand. While, migration betweA and B reduces median
incomes in both jurisdictions, the enhanced pefecefrom increased homeownership
causes the provision of endogenous public goodsés by 8.8 percent in A and 17.3
percent in B (column 11, Table 4.4e). Accordinglyevious homeowners who lose
the MID and gain no advantage from the new polarg compensated in two ways.
First, since property prices rise, they benefitrfroapital gains. Second, they benefit

from increased levels of public good provision.

While focusing on new owners, this policy reforrsukts in widespread welfare gains
across the spectrum of households. In fact, thedane gains Pareto-dominate those
generated by the Income Tax ReductionThe key pathway through which those
gains are delivered is by encouraging a substani@lement of households into
homeownership, a movement which increases the valughe properties of

homeowners, reduces prices for those remaininggnéntal sector and contributes to

®" Again, it is worth remembering however that thisdel does not account for labour
market decisions and could be improved by extenthieganalysis to a dual market model
(Kuminoff, 2007).
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a general increase in public good provision.

5.0 Discussion

This paper contributes methodologically to the txgs literature by developing an
ESM that incorporates an explicit endogenous tedesion as well as endogenous
local public goods that depend partly on homeownprsThese innovations extend
the range of policy problems to which ESMs can ppliad to include those where
tenure choice and the impact of policy reform aesaf homeownership are central.
Moreover these innovations allow us to accountlierinfluence of capital gains and

housing stock constraints on the distribution ofddgs.

A simplified model is calibrated to real world datad used to examine the possible
consequences of reforms to the policy of MID in th&. This exploration begins to
shed some light on the complex patterns of chahgesuch reforms may precipitate
in the property market and provides insights thapro inform some of the more
acrimonious disputes surrounding the debate ovéd Mform. With regard to that
debate, our calibrated simulations show that thpairh of removing MID depends

crucially on the nature of the policy that takesgtace.

First, consider the argument that MID inflates @y prices making homeownership
less affordable (Glaeser & Shapiro 2002). Our tessuggest that capping MID would
indeed lead to a general fall in the purchase prfcgroperties. This is also the case
when | consider the introduction of a revenue egjent flat-rate tax credit and a tax
rebate. In contrast, the targeted New Owner Schiecreases purchase prices as

demand for homeownership booms.

Second, supporters of MID argue that removing iuMlodamage homeownership
rates. Our simulations suggest that the impacefafrm on homeownership may be
positive or negative. For the Cap, Income Tax Rednand New Owner Schemes |
predict increased homeownership as purchase pfalesand new incentives for

homeownership are introduced.

Third, critics of MID argue that it subsidizes egsi&e housing consumption amongst
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wealthy households, suggesting that the removMI&f would lead to a contraction

in the average property size of owners in the tap brackets. As with the

homeownership rate, our simulations suggest tleah#ture of the policy reform has a
strong influence on the mean property sizes denthhgenouseholds in each income
tax bracket. Contrary to previous predictions, heeveunder each reform the mean
property size demanded by households in the topmectax bracket increases as a
result of lower purchase prices and, in the casebetax rebate and new owner

payment, increases in disposable income.

Examining a range of alternative policy reformsoaemonstrates the importance of
policy design and the role of path dependency iapsty the outcome of those

reforms. With the regard to the latter, there ared¢ key mechanisms at work. First,
owning a property shields high-income householdsnfichanges in property prices
and subsequently enables them to channel benbkfibsigh capital gains. Second,
housing stock constraints act to suppress pricdsstabilize homeownership in the

face of contracting demand. Third, endogenousipgaods can act as a mechanism
for compensating households. As a result, the texmatterns of change precipitated
by policy reforms in the property market can haugegunanticipated results. Policies
designed to be progressive, such as the tax eefditm, may do less to benefit poorer
households than those that appear to be regressigh,as the income tax reduction
reform. Likewise, policies that economists wouldmally assume to have excellent
efficiency improving qualities, such as the incoma& reduction reform, may be

Pareto-dominated by others that bear none of thabmarks, such as the new owner
payment reform. Taken as a whole, our investigasimggests that several reforms to
MID could maintain the prevailing levels of homeawship whilst delivering more

public goods and contributing to a reduction infexderal deficit.

Of course, these results relate to the calibrabbra simplified two-community
problem. Given the results, it would be interestingee future work directed towards
the estimation of a large-scale model with morenfaty quantified social returns to
homeownership. With these extensions it would keside to simulate economy wide
responses to the proposed reforms. Nonethelessggtbks demonstrate the usefulness
of the modeling framework and provide importantighss into the broader

implications of reforming MID.
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CONCLUDING REMARKS AND FUTURE DIRECTIONS
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1.0 Concluding Remarks

The research undertaken in this thesis has beeivatest by the challenges to
economic analysis raised by the increasing impogasf space. In particular, the
thesis is divided into two parts that draw togetioerr chapters, examining issues in

estimation and prediction in the context of envimemtal economics.

Chapter 1 began by identifying a broad class ofiap#&sues that arise in the
analysis of data that is spatially organised. dvstihat these spatial issues can be
thought of as spatial data generating processe$ D the context of estimation.
Furthermore, | demonstrate that this broad rangspafial-DGPs is encompassed in
a general framework. Having formalised the spatah issues chapter 1 considers
the conventional spatial parametric estimation tsmtuand contrasts this to a semi-
parametric spatial smoothing approach. | derivesed of three identification
conditions pertaining to a general spatial smogtkestimator and translate these into
two sufficient identification conditions for the ei®f a local polynomial regression
based spatial smoothing estimator. These conditpyovide intuitive and concise
guidance for applied analysts that can be refetoedhen considering the use of
spatial smoothing in the analysis of spatial dakanally, a series of Monte Carlo
simulations are presented to illustrate the peréomce of the spatial smoothing
estimator and contrast it to OLS and SEMs. MoreoVvelemonstrate how the
spatial smoothing estimator can be used in combmatith a spatial econometric

model to allow analysts to test for specific intgi@n effects.

Chapter 2 extended this work to develop a locaptida spatial smoothing estimator
(LASSE). | derive a comparable set of identifioaticonditions for a LASSE and
demonstrate the conditions under which the LASS#ides efficiency gains over a
Fixed SSE alternative, which employs the same shiogtparameters at every
location. The identification conditions reveal tththe LASSE provides greater
opportunities for identification and are alwayseffscient, if not more efficient, than
an alternative Fixed SSE making the LASSE the pable method of estimation.
Chapter 2 also presents a series of Monte Carlalatrons that illustrate the

performance of LASSE and contrast it to a Fixed SSE
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In Part Il | progress to consider a number of issagsociated with economic policy
evaluation in spatial models. Chapter 3 sets ouwtdntrast a conventional partial
equilibrium approach to welfare analysis with a @m@h equilibrium approach
provided by the framework of equilibrium sorting dets (ESMs) for evaluating
policies that impact local environmental qualitydagive rise to adjustments in
household location choices. The central contributwd Part 1l of the thesis is the
development of an ESM with an endogenous tenuré&cehand refined middle to
long term housing supply function. This model &pable of accounting explicitly
for the myriad of complex responses and feedbdtsaccur in response to a policy
change, and therefore provides a pivotal tool famduicting medium to long term
welfare analyses of policies with spatial impactdoreover, the model is able to
differentiate between households in terms of tlobiaracteristics (income, tenure
status and preferences) and, as a result, permitstaaled analysis of both the

magnitude and distribution of welfare changes.

Chapter 3 develops the ESM with endogenous tenbhoice and examines the
intuition of the ESM model through a stylized tweighbourhood model in which
the key mechanisms of the model can be explored.chapter then uses the model
to explore how project evaluation using a convergitatic analysis compares to an
ESM based analysis that allows for property masdptistments using the Polegate
bypass case study to calibrate the model andréiteshow the model might be used
to provide input in a real policy context. Througlowing for rental and purchase
markets the ESM model with endogenous tenure chproeides a far richer
characterisation of the differences between the @approaches. Within the ESM
framework | was easily able to adapt the modelxpla&e how the magnitude and
distribution of welfare are impacted when | allowr the possibility that households
in the neighbourhood are also landlords and heeceive income from rental
payments made by other households. The analighéights the complexity of the
adjustments that follow a policy change and th¢odi®nary impact that they can
have on the distribution of welfare changes. Ingdty, the model demonstrates
the limitations of ex ante policy targeting and, furthermore, suggests that
environmental policies are likely a poor tool fochgeving redistribution as the
property market channels gains from renters towargisers through increases in

rental and property prices.
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Chapter 4 adapted the ESM with endogenous tenweeho examine a current
policy question under debate in the US: Whether tiygge Interest Deduction
(MID) should be reformed. Chapter 4 contributeshi® MID debate by exploring a
number of potential revenue equivalent policy referusing an ESM with
simultaneous rental and purchase markets and asgendus tenure choice. The
model is extended by additionally endogenisingllgecality, such that the quality of
each local jurisdiction is determined partly byl@sels of homeownership and partly
by local tax revenues collected from property taxébe public policy relevance of
the model is demonstrated through a calibratiomas® for Boston, Massachusetts,
which explores the impacts of various reforms oDMI The simulations confirm
some of the arguments made about reforming MIDdbstd demonstrate how the
complex patterns of behavioural change induced Hese reforms can lead to
unanticipated effects. For example, the simulatismggest that it may be possible
to reform MID whilst maintaining the prevailing est of homeownership and
reducing the federal budget deficit. The resulso aeiterate the conclusions of
Chapter 3, namely that it is important to consttierinteraction of policy design and
the adjustment mechanisms at work in the propeiyket, as these can alter the

outcomes of policies that are designed to targetifip groups.

2.0 Future Directions

This thesis presents a significant contributiorutalerstanding and overcoming the
challenges raised by spatial processes in the &stimof economic models and the
evaluation of economic policy. The research preskwithin the thesis contributes
to the frontiers of the topic and in doing so bbtghlights the need and paves the

way for many new avenues of research.

In the context of estimation the thesis has magieifsiant advances in developing a
unified framework for conceptualising spatial dgblems. The derivation of
concise identification conditions and subsequéastiation of these through the use
of Monte Carlo simulations provides an accessibteoduction to the use of semi-
parametric smoothing estimators for applied anslysin the future it would be
interesting to complement this research with a nforenal examination of the

asymptotic properties of the LASSE. It would als® of great benefit to see the
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work extended to deal with discrete data so thatigjpsmoothing techniques could
be integrated into Logit and Probit models for gsimlg discrete choices. This
would provide an opportunity to confront spatiatadproblems across a wider range
of economic analyses, for example in the analy$istated preferences through
contingent valuation and choice experiments. Tosild be particularly useful in
the analysis of recreational demand models whesretlis an obvious and

overwhelming potential for omitted spatial covegmt

Similarly, the thesis presents the first applicagiof an ESM with an endogenous
tenure choice. This methodological developmenadens the range of policies that
ESMs can be implemented to analyse. Through exagitenure choice and
refining the housing supply function the model pdeg a useful tool for undertaking
a general equilibrium analysis of policy changehe Bimulations presented in this
thesis are based on calibrated models, it is easémt future research to develop an
estimation procedure that can be adopted for p@itglysis and through doing so
identify the necessary data requirements for ualler general equilibrium welfare
analysis within this framework. In addition, | leaJocused on developing an
endogenous tenure choice within the framework ef plare characteristics ESM
developed by Epple and Platt (1998). In the futurerould be interested in
examining the extension of this to the randomtytiiased ESM developed by Bayer
et al (2004). This would also facilitate a traimitfrom the homogeneous housing
unit approach to a discrete treatment of housikigusing supply itself presents a
fruitful and challenging avenue for future researtt particular, the medium to long
term housing supply function needs to be exploredi the buy-to-let market could
be integrated into the model to reflect housingo$ydecisions and the redistributive
role of property ownership more accurately. Moreallly, this research is part of a
wider body of work at the forefront of the equilion sorting literature. As such,
there are many developments taking place withis déinéa, for example recent work
has sought to explore moving costs (Bayer et 8092 Kuminoff, 2009), dynamics
(Bayer et al., 2011), overlapping generations (Epgil al., 2010) and dual market
models (Kuminoff, 2007, Kuminoff, 2009) which combi residential and labour
decision making. Bringing together the innovatiateveloped in this thesis with
those evolving in the wider literature would proxid way to examine a broader

range of the complexities and realisms of the esvoag@roblem.
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APPENDIX A

The Polegate Bypass: Comparing Partial and Gener&quilibrium

Welfare Measures
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In this Appendix, | present the results of a moophssticated ESM analysis
designed to replicate the Polegate bypass case shade closely. The model
specification is developed so as to imitate theasibn in Polegate prior to the
construction of the bypass. The introduction of liypass is then simulated using
information from the Post Opening Project EvaluatAR7 Polegate Bypass report
(POPE). As previously, results from both a paréguilibrium (PE) and general
equilibrium (GE) ESM-based analysis are exploredi @ntrasted.

Al  The A27 Polegate Bypass

Polegate is a small town in the East Sussex wil@@Bresidents. Prior to the bypass

Polegate had in the region of 18,000 vehicles pgrghssing through on the B2247
(Eastbourne News (19/06/2002)).
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Figure Al: Road Map of Polegate (source Map data @oogle 2012)

Figure Al provides a road map of Polegate. In 20@2A27 Polegate Bypass was
opened providing an alternative route to the oabih27 (now the B2247) through
Polegate between the A22 Cophall Roundabout andleBolubilee Way. A
complete discussion of the objectives of the bypasd the project impacts is
available in the POPE. This analysis focuses enipact that the introduction of

the bypass had on road noise levels across neigidimads. Under Part 1 of the
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Land Compensation Act 1973, homeowners who wereradly affected by the
change were able to claim compensation up to theevat the impact of the change

on value of their properties. This compensationatuded in the model.

A2 Calibrating the Model
A2.1 The Economy

Let us begin to develop a model of the Polegata &g dividing the area into
neighbourhoods. Neighbourhoods are defined as an#ais which the provision of
local public goods is uniform. There are a numifeleatures that could be used to
define neighbourhoods. In this example | consttierage of the buildings in the
area, the distance from Polegate town centre amgrin and post-bypass road noise
exposure levels (provided in the Environmental Asseent Report). Information on
the location of properties from OS Mastermap arel dje of properties provided
through the LandMap service was combined with mmf@miion on the spatial
distribution of changes in noise levels from the7APolegate Environmental
Statement and assigned to a map of individual ptiggeusing ArcGIS. Property
types were grouped into four categories. The setetlion of these property types
with changes in road noise level leads to the ifleation of 7 distinct
neighbourhoods. The 7 neighbourhoods are displayatie map in Figure A2.
ArcGIS was then used to compute the average distahgroperties within each

neighbourhood to the centre of Polegate.
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Figure A2: The 7 neighbourhoods identified by intesecting
property type and road noise exposure before and &dr the
bypass.

Data on property prices and characteristics, sa@gly the Land Registry and Edina,
along with census information on homeownershipsratere added to the GIS layer.
These were used to compute neighbourhood statisticpopulation shares and
homeownership rates, which formed the basis ofcti#ration procedure for the
parameters of the distribution of preferences fambaownership(uy,o3), and the

unobserved neighbourhood specific local public goéd The data on property
prices and characteristics were used to undertdkesc effects hedonic regression

to determine neighbourhood specific prices for i eifhomogeneous housing?.

The remainder of the model is calibrated in an tidah manner to the two-
neighbourhood models with rental revenue recydiirag were discussed in the main
body of this section. For compactness the dedaadsnot repeated here, however, the
calibrated parameter values are detailed in Talhl®d&iow.
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Variables Parameters Values
Income and preference for (ﬂln(y);ﬂﬁ) (9.83,0.17)
housing 2.72  —0.07
2In(z).8 (—0.07 0.03 )
Housing supply aj 10p?
SO0
H;
0.1
Capacity G 1.15
Preference for local public
a 0.11
goods
Local public goods index
' y 0.02
weights
Preferences for
_ (ug, 08) (0.84,0.02)
homeownership

Table Al: Parameters used in the calibration

A3 Welfare Effects of the Bypass

Taking the changes in noise levels predicted in AB& Polegate Environmental
Statement it was possible to replicate the enviremtad impact of the bypass. Table
A3 characterises the seven neighbourhoods afterntiheduction of the bypass,
taking into account household relocation, rentakneie recycling, housing supply
constraints and compensation received under thiel Rdrthe Land Compensation
Act 1973.

For tractability it is prudent to separate our dssion of the results into three parts
characterised by the direct environmental impacthef bypass. To simplify the
discussion let us divide the neighbourhoods inteeghgroups: ‘town centre’,
‘suburban’ and ‘bypass’. First, in the town cemieghbourhoods (1, 2 and 3) road
noise falls by 4 dB as traffic is diverted awaynfraghe B2247. In these areas the
environmental improvement leads to price increasebouseholds with a relatively
high preferences for environmental quality movergheHomeowners in these

neighbourhoods enjoy capital gains while, in castirarenters find these
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neighbourhoods less affordable. In fact, rentesftown centre neighbourhoods 1
and 3 migrate to neighbourhood 6 near the bypda$® population movements are
detailed in Table A4.

Second, suburban neighbourhoods (4 and 5) are sbétlie B2247 and experience
no change in environmental quality. However, ia general equilibrium analysis
they do experience changes in composition and paecto adjustments in the other
neighbourhoods. As a result of the quality incesasn the town centre

neighbourhoods, and lower prices in the bypasshbeigrhoods (6 and 7, to be
discussed subsequently), prices in the suburbaghibeurhoods fall as households

migrate to neighbourhoods 1 in the town centre,@add 7 near the bypass.

Third, bypass neighbourhoods (6 and 7) are localtes® to the new bypass and both
experience an increase in road noise of 7dBs. Tddsiction in environmental

guality prompts a series of relocation choices vatime households seeking out
higher environmental quality in the town centreighbourhood 3) and others being
drawn to lower prices in the suburban area (neighibmod 4). As housing demand
contracts, prices in the bypass neighbourhoods filis attracts new demand from
households who spend a relatively large share eifr timcome on housing and

provides benefits, in the form of lower rental spdb renters. In addition, the

payment of compensation provides large gains forera:

Tables A5a and A5b summarises the welfare chamgeéste anticipated by both the
partial and general equilibrium analyses respelstivdhe welfare changes include
values for willingness to pay separated for renggrd owners in each of the seven
neighbourhoods. First, let us consider the padgilibrium values. These are
positive for renters and owners in the town cem@eghbourhoods (1, 2 and 3),
reflecting the environmental improvement, zero Fmuseholds in the suburban
neighbourhoods (4 and 5) since there is no chamdke provision of local public
goods here, and negative for households in thedsypeighbourhoods (6 and 7) who
experience environmental degradation. In contithst,general equilibrium values
show that overall, the average willingness to pajue is positive in every
neighbourhood. Moreover, for households initialbcated in the town centre

neighbourhoods (1, 2 and 3) owners have higherageewillingness to pay values

182



than renters. In the suburban neighbourhoods ¢45amenters have higher average
willingness to pay values than owners as a reduibe benefits conveyed through
falling rental prices. In the bypass neighbour(@land 7), homeowners have very
high willingness to pay values as a result of taedfits provided by compensation.
Renters have moderately high values, again ataiid@tto the substantial fall in

rental prices.

A4 Discussion

The application of our ESM to the Polegate byp&ssahstrates the flexibility of the
framework and its suitability for analysing thesmrts of policy questions. The
mechanics of the model have been discussed inl detéihe main body of the
section, here | focus upon the welfare changescedily the A27 Polegate bypass

and compare the key findings with those of the heahbourhood simulations.

Let us begin with the magnitude of welfare chang@s.in the previous simulations,
there is a large difference between the total mghiess to pay values calculated
using partial and general equilibrium analyses.falt, for the Polegate bypass the
difference is even greater, a result driven by fdet that the magnitude of the
environmental changes in this analysis is gredten those examined in the two-
neighbourhood simulations. In the partial analyhis total willingness to pay is
negative as a result of the large losses in enwieottal quality that fall directly upon
households initially located near the bypass rodtee general equilibrium analysis
sees these losses being avoided by householdgthrelocation. As in the two-
neighbourhood simulations environmental gentrif@at occurs with wealthier
households from the suburbs relocating to the toemtre and displacing poorer
households, who in turn move to suburban or bypagthbourhoods so as to benefit
from lower property prices.

Turning now to the distribution of welfare changEggure A3 plots the changes in
cumulative shares of utility for the current anaysThe pattern is, for the most part,
equivalent to that presented in Figure 3.7 for tihve-neighbourhood simulation.

The partial analysis predicts a progressive reilligional impact of the bypass with

an increased share of total utility being providedhouseholds with logged incomes
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less than 400,000. In contrast, under the gemepailibrium analysis the policy has
a small overall impact in terms of redistributionln addition, the pattern of

redistribution is almost the mirror image to theggicted by the partial analysis with
the cumulative share of total utility falling amatglower income households.
Interestingly, in this policy analysis the greatgains in the share of utility accrue to

medium-to-high income households.

The results presented in this appendix demonstnat@application of the ESM with
endogenous tenure choice to a policy analysis getreral neighbourhoods. While
the adjustments that take place are more compldwllimvy when the number of
neighbourhoods increases, the results reiterate raimforce those of the two-
neighbourhood simulations. Comparing the PE anda@G&lyses reveals important
differences in both the magnitude and the distrdoutof welfare changes.
Furthermore, accounting for tenure choice and nmedierm property market
adjustments reveals substantial differences invibHfare effects experienced by
renters and owners, as well as across socio-ecengraups. In conclusion, the
partial equilibrium analysis provides misleadingli@p guidance. Moreover, the
opportunities for harnessing environmental policéssa tool for redistribution is
complicated by the complex adjustments that takeelin the property market and
interact with the policy.
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Town Centre Suburban Bypass
1 2 3 4 5 6 7

Price 4449 5976 4576 4581 4176 4584 4331
Population Share 0.07 0.11 0.06 0.45 0.05 0.16 0.10
Homeownership 0.83 0.93 0.89 0.89 0.77 0.91 0.79
Rate

Renters| Renterk Rentefs Renters Renters RenterserfRerRenters Rentefs Ownedrs Renters Owhers Rdn@wsers
Mean Income 24,053 | 45,832 36,238 75,674 29,067 49,817 28,459,5982 7,980 44537 41,51 111,460 22,074 47,163
Mean B 0.39 0.39 0.03 0.02 0.35 0.35 0.22 0.21 0.63 0.61 .08 0, 0.08 0.47 0.46
Mean 6 1.01 1.12 1.00 1.11 1.00 1.12 1.00 1.11 1.02 1.13 .001 1.11 1.02 1.13
Mean housing 2.35 4.47 0.16 0.33 2.45 4.19 1.48 4.01 1.30 7.02 870 214 2.78 5.64
Population 20 97 12 158 11 92 82 642 17 57 23 234 3B 122

Table A2: Calibrated 7 neighbourhood baseline withrental revenue recycling
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Town Centre Suburban Bypass

1 2 3 4 5 6 7
Price 4509 6516 5081 4537 4047 4283 4032
Population 0.08 0.11 0.07 0.51 0.05 0.08 0.10
Share
Homeownership 0.73 0.93 0.92 0.94 0.77 0.66 0.79
Rate

Renters| Owners Rentefs Owners Renters Owpers Ren@wners| Renters Ownefrs Renters Owners Renpters r®wne

Mean Income 25,277 | 66,684 36,238 75914 25,707 113,392 41,921,998 | 20,854| 44,537 21,799 68,644 15,237 47,163

Mean 8 0.25 0.39 0.03 0.03 0.06 0.08 0.14 0.19 0.45 0.61 .36 0| 0.35 0.37 0.46

Mean 6 1.01 1.12 1.00 1.11 1.00 1.10 1.00 1.1 1.02 1.13 011 1.12 1.02 1.13

Mean housing 1.68 5.30 0.15 0.32 0.35 1.61 1.44 3.54 2.65 7.10 .08 2| 6.46 2.30 8.91

15}
=
N
N

Population 36 97 12 160 9 109 48 771 17 57 44 86 3

Table A3: Neighbourhood characteristics after théoypass with revenue recycling, linear housing suppland compensation
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1 2 3 4 5 6 7
Renters | Owners| Renters| Owners Renters Owners Ren®r Owners| Renters| Owner§ Renters Owners Rentefs Ownse

From 1 0 0 0 0 0 0 0 0 0 0 20 0 0 0
Renters

From 1 0 0 95 0 0 0 0 0 0 0 0 2 0 0
Owners

From 2 0 0 0 12 0 0 0 0 0 0 0 0 0 0
Renters

From 2 0 0 0 0 158 0 0 0 0 0 0 0 0 0
Owners

From 3 0 0 0 0 0 0 0 0 0 0 11 0 0 0
Renters

From 3 0 0 0 0 0 0 9 0 0 0 0 83 0 0
Owners

From 4 0 36 0 0 0 0 0 34 0 0 12 0 0 0
Renters

From 4 0 0 2 0 0 0 0 0 639 0 0 1 0 0
Owners

From5 0 0 0 0 0 0 0 0 0 0 0 0 17 0
Renters

From5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Owners

From 6 0 0 0 0 0 9 0 14 0 0 0 0 0 0
Renters

From 6 0 0 0 0 2 0 100 0 132 0 0 0 0 0
Owners

From 7 17 0 0 0 0 0 0 0 0 17 1 0 15 0
Renters

From 7 0 0 0 0 0 0 0 0 0 0 0 0 0 122
Owners

Table A4: Population Movements
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Town Centre Suburban Bypass
1 2 3 4 5 6 7

Renters | Owners| Renters| Owner§ Renters Owners Rentell Owners| Renters| Owners| Renters Owners Renters Owise
Mean WTP PE (£) 255 489 314 657 283 485 0 0 (0 @ 3-8D -2,147 -531 -1,135
Total WTP PE (£) -469,200
Average WTP PE (£) -293.25
Total Compensation 861,250
Change in rental 0
revenues
Change in mortgage 0
payments

Table A5: Partial equilibrium willingness to pay with rental revenue recycling, linear housing and commensation
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Town Centre Suburban Bypass
2 3 4 5 6 7
Renters | Owners| Renters| Owner§ Renters Owners Rentf Owners| Renters| Owners| Renters Owners Renters Owise

Mean WTP GE (£) 238 619 246 770 260 2,195 113 98 174 41 128 5607 4 3[l 657
Total WTP GE (£) 4,593,600
Average WTP GE (£) 2,871
Change in rental 860
revenues
Change in mortgage 38,580
Payments
Total Compensation 861,250

3,771,790

Net Benefits

Table A5b: General equilibrium willingness to pay wth rental revenue recycling, linear housing and caopensation
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Change in the Cumulative Share of Total Utility byLog

of Income
0.19 -
0.14
0.09 -
0.04 - o
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Log of Income up to and including
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Figure A3a
O T T T 1
1$0 1000 00 100000 1000000 10000000
-0.002 -

Figure A3b

Figure A3: The distribution of changes in the cumudtive share of total utility
by income in the partial and general equilibrium aralyses. The bottom panel
displays the general equilibrium plot at a finer sale.
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