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1. Introduction

Macroeconomic models of the housing market higlltge role of national or regional-level
fundamentals in driving housing supply and demakidthe sub-regional level, New Economic
Geography and urban economic models can explagr ditoad housing price gradients (see other
papers in this volume). But at the sub-regional anbd-metropolitan level there is much highly
localised variation that is not easily explainedtigh either of these frameworks, nor by simple
differences in physical housing quality.

These points are illustrated in Figure 1, which snapuse price contours for the Greater
London region in 2001. The Figure contains thregefm In the top panel, the map has been drawn
by ‘smoothing’ the prices of houses geographicatiythat we can pick out the kind of broad mono-
centric land value pattern that is consistent whth simplest urban economics models: land prices
rise towards the centre of the city (albeit to Whest of where we would usually place London’s
central business district) because central cityations are most highly valued by business, and
because residences here provides the lowest-cosssato centrally located. But the second panel
focuses in on much more localised price variatmnréducing the degree of ‘smoothing’ applied to
the data in producing the map) and it is clear thate is a lot going in here in terms of intra
metropolitan price variation that requires otheplarations. Part of this localised variation can be
put down to local differences in housing qualitiput not all: The third panel adjusts for observable
differences in housing size and type, and strongllpatterns remain.

In this paper we consider what factors drive th@sgo-geographic price patterns and what
policy-relevant information they contain. Localisgdriation in housing prices is linked to the
desirability of location, but the vector of relevainoice attributes is high dimensional. A diverse
range of factors has received some empirical attensome rather specific examples include water
accessibility and water quality, views, local cthes, and the availability of local retail outlei®

narrow down the range of enquiry, we focus on aweeof the role of local public amenities and



disamenities - in particular the key drivers ohsport accessibility, school quality and crime d an
in turn consider what information these patternseaé about the demand for accessibility, school
quality and other neighbourhood attributes.

There is good reason to focus on the house priemipr attached to these three factors.
Transport, schools and crime are three of the madlstd about urban problems, and a proper focus
of attention for urban researchers. The issue whashattracted most research attention to date and
for which the research agenda has advanced furtiseshe capitalisation of school quality in
housing prices. The perennial interest in this aesstems from its relevance to the social
valuation of school quality, because of its jouistad value, and because it has been assumed
(probably based on the US experience, and res@aochentum) that schools are one of the main
factors determining residential decisions of faesliMoreover, data availability and institutional
arrangements mean that schooling lends itself yitwethis line of enquiry, as we shall see in due
course.

Encouragingly, recent estimates, in a range ofmatonal contexts, have converged towards
something of a consensus on the contribution ab@shto housing prices. Even so, it has to be said
that schools seena, priori, to be unlikely objects of preference to many hdougers and that an
even more important determinant of house priceatian must be accessibility to employment (and
to consumption opportunities), which in many largestropolitan zones in the UK means
accessibility to the public transport network. Resh on this question also has a long history, but
solutions to the empirical challenges are hardecdme by and the answers provided by the
literature are more varied. Although everyone woulecognise that crime matters for
neighbourhood quality and for housing values, theme relatively few studies that take on this
empirical challenge. We look briefly at what anssvexist in the literature and consider ways

potential forward towards answering this question.

! Though see Hilber and Mayer (2004) for a discussiby even those without children might care atswiiool
quality.



In the remainder of this paper, we first outline ttihheoretical background to the use of
housing expenditures in eliciting the prices of woltingness to pay for, local amenities. We then
go on to explain the challenges in empirical immatation and the direction in which applied
work has moved in terms of addressing these clgdlenNext we review the recent UK and
international evidence on the influence of schowlmsport and crime on housing prices. Finally,
we conclude by discussing the potential policy ejapions of this evidence, in terms of education

transport and criminal justice policy, and in terafisiousing policy.

2. Theoretical background and empirical challenges

Regression-based property value models based oro-micise price or geographically
disaggregated data are most easily interpretedngdesreduced-form models that try to estimate
how changes in property characteristics and neigtimmd attributes affect housing sales prices in
local markets. The hedonic framework of Rosen ()J®#dvides a rigorous theoretical grounding,
and underpins the use of these models for elicitiigngness to pay, with potential application in
cost-benefit analysis and other policy-related srea

Estimation of the structural demand and supply rpatars in the Rosen model presents a
formidable challenge which has met with little segs over the years. In what follows, we outline
these issues, but do not dwell at length on thear. r@ain focus is on estimates of equilibrium
prices of component attributes in housing modeler& are empirical challenges even in this less
ambitious project. Most notably, the full range oélevant housing characteristics and
neighbourhood attributes are never observed by agoetricians, meaning that estimates are
plagued by standard omitted variables and endoyepmblems. We briefly explain the methods
that have been used in recent literature to trgitcumvent these problems and tease out causal

relationships.



2.1. The structural ‘hedonic’ model

The idea of using land values to value “place” aasgery long history and it is quite easy to
grasp the intuition that the value of a piece ofdlaeveals something about the demand for the
location of that land. Less obvious, is what we lg@mn when each place provides a wide range of
commodities of different types — related to theimment, schooling, labour market, accessibility
etc. — and we are interested in the value consupiace on each of these commodities separately.
Just to muddy the waters further, pure land vaduegarely observed. Instead, the underlying value
of place needs to be disentangled from the overglenditure on whatever structure has been built
on it.

This problem can be approached from a purely staisangle — using multiple regression
analysis to separate out housing expenditures waioous components associated with the
characteristics of the house and its location. H@remost economic research prefers to draw on
theoretical work relating to the demand and sugblgomposite goods — in particular the work of
Rosen (1974) is often cited — to underpin what @oatherwise be rather shaky economic
foundations. The Rosen model describes a markealilrqum in which consumer choice over a
composite good — like housing — amounts to chooamgptimum bundle of commodities — like
house size, local school quality and transportsgce

The first, and most widely used insight, is that a@quilibrium, for a given consumer
preferences and income, the marginal benefit ofraving any one part of that bundle (e.g. by
finding a bigger house) must be offset by the tytiiosts of the additional expenditure involved.
This straightaway provides a rationale for using élxpenditure on a house to monetise the benefits
of its observable attributes: if we can estimatevhomuch housing expenditures change with
marginal changes in one attribute (holding the mstHexed), then we can interpret this as the
marginal willingness to pay for that attribute —itr ‘implicit price’. The locus that traces outeth
relationship between housing expenditures and tlamtifies of its composite attributes has become

known as the ‘hedonic’ price function.



The second insight from the theory is that buyarsthis kind of market are very
heterogeneous in their preferences and incomereasedlers. This heterogeneity means that the
price of any particular housing attribute is notque even in single housing market. For instance,
the ‘price’ associated with an improvement in sdhqaality may be low in areas of the market
where school quality is generally bad, because fisuged sellers here place little value on school
quality (e.g. if buyers do not have children). Cersely, the price of school quality in high-quality
areas may be very high, because buyers in thisairé@e market are willing to pay heavily for
marginal improvements in their children’s academatievements. In other words, the ‘hedonic’
price function can be highly non-linear, with inguli prices that vary over the distribution of
housing and neighbourhood characteristics. What@sahe slope and shape of this relationship is
the relative number (or density) of consumers (bglyand suppliers (sellers, property developers)
in different parts of the market (Epple, 1987).

Other factors influencing the supply of attributel also interact with characteristics in the
hedonic price function, especially alternative sesrof supply for the commodities embodied in
housing location. For example, it seems natural tha price of high quality private education
might cap willingness to pay for state school dgyaliia the housing market (Nechyba 2000).
Similarly, if there is a lot of choice and compietit amongst good local state schools, conditional
on where a person lives, then housing prices nibightery unresponsive to inter-school differences
in quality within the choice set. The issues aresowe will return to when we look at empirical
evidence on the value of schooling.

So, it turns out that if we can estimate the hecl@nice function correctly — that is estimate
the equilibrium relationship between housing expeemes and all the component attributes of
housing an its location — then we can calculateirti@icit prices of all these attributes. Referring
back to the ‘statistical’ approach, if we can estienthe hedonic price function using some (possibly
non-linear) regression of housing expenditures @msimng attributes, then the implicit price can be

calculated as the estimated derivate of housingreifures with respect to attributes.



Are these estimated ‘implicit prices’ useful? Inded derived from a properly specified
regression model they provide estimatesnudrginal willingness to pay for changes in the
corresponding housing attribute. However, for welfanalysis of non-marginal policy changes one
would wish to estimate the underlying consumer deirfanctions (or the parameters of consumer
utility functions), at least for a representativensumer, and possibly for the different types of
consumer in the market.

Estimation of these demand functions using estichatelicit prices is, nonetheless, often
very difficult. The problem is analogous to thenstard ‘identification’ problem of supply and
demand equations in econometrics. We can obsemnaiva in quantities of attributes (embodied
in housing) and variation in the corresponding miplprices, but this variation reveals only the
equilibrium relationship between price and quanatyd not the underlying demand or supply
equations. In the hedonic framework, there are iplaltdemand equations and multiple supply
equations in single market at a given point in timgpresenting heterogeneous preferences of
consumers and heterogeneous cost structures dfesgpp

Rosen’s (1974) paper proposed a two stage apptoagstimate these demand functions (or
inverse demand functions) and there have been mabsequent attempts to implement it. In the
first step hedonic equation the implicit prices abtained by regression of housing expenditures on
housing and neighbourhood attributes. In the seciagde demand equation, the implicit price
estimates are regressed on the observed attrilpitessindividual income and perhaps other buyer
characteristics. However, since the implicit prie@e simply calculated in the first stage as non-
linear combinations of the observed attributess #ypproach relies for identification on ad-hoc
assumptions about functional form for the hedomicgpfunction and demand functfon

Alternatively, identification of the second stagenthnd functions requires some source of

variation in prices and quantities that is drivetydoy supply shifts, and not by demand shiftsinas

2 For instance, if the estimated hedonic price fiamcis m = ax + bk, then the implicit price of x is p=a+2bx,

and regression of p on x recovers the coefficiént 2



‘multiple markets’ and instrumental variables ammimes approach (Tauchen and Witte, 2001).
Recent work by Ekeland, Heckman, Nesheim (20024p6@s returned to the idea of using non-

linearities in the hedonic price function to all@stimation of the demand functions. Their papers
show that the hedonic price function is inheremtgn-linear, so the old idea of recovering the

implicit prices from the hedonic price function anegressing these prices on a linear demand
function is not as arbitrary as it may first seem.

However, before we can even begin to get estimatethe demand functions, we need
estimates of the implicit prices, and this in itsel a major challenge because of basic omitted
variables and simultaneity (endogeneity) problehs plague all empirical research that is based
on observed outcomes rather than experimental esgdeSo, in practice, the recent focus of most
applied empirical work on micro housing models ~tipalarly when considering local public
goods, neighbourhood and community attributes,umtioly like schooling, transport and crime —
has shifted away from attempting to estimate denfandtion parameters. Instead, the focus is on
proper estimation of the equilibrium implicit pree- that is the equilibrium change in housing
expenditure in response to changes in charactaristiusing the kind of tools prevalent in other
areas of empirical economics, particularly the aedle design approach prevalent in labour
economics (see Card, 2006). Moreover, even thouagslidit prices do not provide a basis for
rigorous welfare analysis of policy changes, thag ;iform policy and provide a useful general
guide to the values of un-traded spatial commaglitied locally provided public services. In the

next section we discuss developments in this lfnaquiry.

2.2. The equilibrium ‘implicit’ price approach

Setting aside estimation of the demand structuee,cansider now why estimation of the
implicit prices of local public goods, neighbourldoand community attributes presents such a
challenge. Remember, the basic statistical apprsatthregress house sales prices (i.e. the present
value of housing expenditures) on housing charsties and neighbourhood attributes. There are

three fundamental and common situations under whatimation of the implicit price of local



public goods, community related amenities and ospatial goods via property value models
presents the researcher with severe problems, dndincautious application of these models
should come with a health warning. These situatahselate to the process of supply of spatial
amenities and disamenities: 1) The supply of anngiymes partly determined by the socioeconomic
composition of the community; 2) The supply of athmotentially unobservable local amenities, is
correlated with the supply of the amenity in whwé are interested; 3) There supply of an amenity
that is accessible from a given residential locaitohard to measure or uncertain

Take schools as an example. On point 1), suppesedighbourhood characteristic of interest
is the quality of the neighbourhood school repressbiby mean pupil test scores (assume for the
moment that there is a one to one mapping betwkee pf residence and school attended). Well,
ample evidence exists that tells us that childreacademic achievements are correlated with the
income and income-related characteristics of thanents (Blanden and Machin, 2004; Cameron
and Heckman, 1998). It is also obvious that ridaerilies live in more desirable, high-house price
neighbourhoods. Thus, and fairly obviously, we wloetkpect children in schools located in richer,
higher house price neighbourhoods to be doing bettademically than children elsewhere. A
correlation between house prices and school qualityneasured in terms of the average
achievements of pupils — will just pick up the faleat richer children on average do better at
school, unless we can effectively control éserydesirable and undesirable factor that influences
housing prices and hence influences the sortingridi and poor families into different
neighbourhoods. In the US, and other places wioed property taxes provide the bulk of funding
for local schools, there is an even more diredt from housing prices to school quality that works
through the level of public expenditure on schagplitn other words, the supply of local school
quality is partly determined by the type of peopieo live in local houses, which in turn depends
on all factors that contribute to making differgiaces different. Similar considerations apply to
crime, because local crime rates will be relatethe&osocioeconomic status of residents and hence
to housing costs, either because lower-income iddals more likely to commit property crime, or

because higher-income individuals are more likelyp¢ the target of property crime, or are more



likely to report crime (see Freeman, 1999, for giew of these issues in his survey on the
economics of crime).

Continuing the schools example on point 2), it seéighly unlikely that the site of schools is
randomly determined. Schools may have been sitedhistorical reasons close to existing
residential areas, near town centres, or near ¢dledities — such as churches, in the case ohFait
schools. Hence any measure of school accessibititgh takes into account the distance between a
house and, say, its nearest school could easiljuapccessibility to any number of other local
amenities. Taking a different example, points ahgport access such as train stations are very
likely to be historically associated with the laoat of employment centres, retail, and leisure
facilities, either because the stations were latatzar existing facilities or because shops androth
services were attracted to stations. So, a statistink between residential house prices and
proximity to rail stations may simply reveal prefaces for proximity to employment, shopping and
leisure opportunities rather than rail accessipjhi¢r se. In fact, a moment’s reflection reveak th
almost everything is closer together in the cigrtht is in rural areas and closer together inre¢nt
city locations than in the suburbs. Hence, great ¢a needed to disentangle the effect of the
distance of a house to one amenity from the etiedtstance to any other amenity, and from urban-
suburban-rural differences more generally.

The most basic and traditional way of tackling bdtiese problems is to use multiple
regression techniques to control for as many olad¢evhouse price determinants as possible, and to
hope that whatever price variation is left is efia#ly random noise. Given the wide range of
housing characteristics, this approach vyields uldyie‘kitchen-sink’ regressions whose
specification is governed largely by data avaiiabilThe decision about what neighbourhood
characteristics to include in such specificatiog®mains largely ad-hoc and so estimates are hard to
interpret. Indeed, this traditional method is nat atractive way forward if we want credible
amenity prices for policy purposes.

Most recent research in this field has adoptedrab@u of empirical strategies to try to tackle

the problem in a more sophisticated manner. Athete strategies are based on isolating sources of
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spatial variation in supply of a specific amenihatt are uncorrelated with other determinants of
housing prices. The aim is to pin down the contidu of an amenity to housing costs by
measuring the statistical association of housirgjscwith these sources of variation. We will give
examples of these methods briefly when we comeotsider the evidence in the next section on
the value of school quality, transport and lowemer. Such studies have employed one or more of
the following:

a) Instrumental variables approaches: this welWkmgeneral method relies on finding one or
more specific causes of variation in amenity supgtych is, or are, otherwise unrelated to housing
prices. If this assumption holds, then any corr@tabf housing prices with this source of variation
in supply is surely due to variation in the supplythe amenity, and not to other unobserved
confounding factors. In practice, it is hard todfimppropriate ‘instruments’ for variation in
transport, schools, crime or most other neighboodhemenities and studies rarely use this method
alone

b) Parametric and non-parametric modelling of ueolable factors. In traditional regression-
based methods, the idea is to include a large numwibebservable housing and neighbourhood
characteristics in the house price model. An adteve or complementary approach is to model part
of the ‘unobserved’ spatial variation in pricesedity using information on the geographical
location of house sales. So, for example if theran east-west downward trend in prices, and no
observable demographic or physical characteristigdain this trend, then why not just include the
geographical coordinates of the house sales (egreds of Latitude in the global geographic
reference system) just as one might include a trmed in a temporal model? More generally,
house price models can include polynomials or ektieoparametric functions of x and y
coordinates, or use “non-parametric” statisticathnds to allow very flexible price surfaces in the
x-y plane. The drawback in this method is that aedeer must make some judgement about when
to stop in eliminating ‘nuisance’ spatial variatiagince the most flexible of specifications would

eliminate the localised variation in prices and aities that the researcher wishes to investigate.



c) Discontinuity designs using administrative boamels. As we have explained, the
fundamental underlying problem in empirical microusing price models is salient unobserved
differences between properties that have diffedentls of access to amenities. But casual
empiricism would suggest that close-neighbouringses often tend to be quite similar and self-
evidently have similar neighbourhood environmei@s, one way to eliminate area effects in a
house price model might be to work with differenbetween houses that are in close proximity,
because the difference in price between two hotisgare, say, 100 metres apart is less likelyeto b
due to unobserved neighbourhood differences tharifference in price between two houses that
are, say, 10km apartA moment's reflection tells us that the diffiqulhere is that neighbouring
houses also have access to the same local amestiesirely any attempt to eliminate common
neighbourhood factors will eliminate the very antgiifferences we want to explore? Well, there
are cases where this is not the true: for examipleschool admissions authorities organise
admissions on the basis of rigidly defined ‘catchtheareas, then two close-neighbouring
properties either side of a catchment area bounckmyprovide access to schools of very different
quality. This kind of boundary ‘discontinuity’ im@enity quality provides a powerful methodology
for measuring the causal effect of some types ofratyy on house prices, and has been used in
other settings, for example when looking at the&# of local taxes on firm behaviour (Duranton et
al, 2006).

d) Difference-in-difference, repeat sales and geaperimental methods. Methods a)-c) are
appropriate for cross-sectional analyses when theseno observed changes in the supply of
amenities over time. Given additional informatiam changes in the level of local amenities over
time, there is scope for examining how the pricésimgividual houses, or the prices of
neighbourhood clusters of houses, respond to ttlemeges. This approach has the advantage of

abstracting from differences between houses otitmtathat are fixed over time, but does not help

% This fairly common-sense observation is sometineésrred to as Tobler’s first law of geography aff¢aldo
Tobler (1970).



much if unobserved area or property characteristies also changing over time, since these
changes could be inducing price and amenity suppbnges. However, coupling this approach
with information on specific incidents of policyiden changes in provision of local amenities —
opening of new schools, opening of rail statioresy trime prevention strategies for example — can
provide one of the most powerful ‘quasi-experimémteethodologies. It is occasionally possible to

combine this approach with method c), for exampleschool catchment area boundaries are
suddenly introduced, withdrawn or re-drawn.

Returning to the last point (3) above, the impdrtquestion is how we can know what
amenities are available at a specific residenbahtion. Again consider schooling. If there is a
rigidly defined system of catchment areas or a@ed zones as is common in the US then the task
is greatly simplified since there is a one-to-onapping between residential location and school
attended. But in the UK and elsewhere this is guaitely the case. We can, given appropriate data,
easily ascertain which schools lie close to spegifioperty in a data set. But which of these
school(s) are the right ones to consider? Is onéy riearest relevant? Probably not, since many
pupils do not attend their nearest school (Briggale2001, Gibbons, Machin and Silva 2006).
Some average of the characteristics of local s&?oBlossibly, but how many local schools and
should nearer schools be weighted more heavily thase further away? Without clearly defined
catchment areas there is inherently some ambigaitgt, considerable efforts need to be made to
ensure that the link between residential locatiod accessible schools set up in empirical analysis
is a reasonable representation of the situatiothenground. Similar considerations apply in the
case of rail access, since there can be more th@nocal station, and different stations may offer
different service levels. In the case of crime atiger fuzzier neighbourhood amenities and dis-
amenities the situation is even worse, and anycehigi bound to be somewhat arbitrary. Moreover,
there are inevitably doubts about the extent tactvhiome owners can observe local crime rates and
make meaningful judgements about the expected askise time when they make their purchase

decisions. To this extent, valuing neighbourhoottitattes like crime through property value



models suffers many of the drawbacks commonly linke the valuation of environmental air

pollution.

3. Valuation of amenities: some evidence

Anecdotal evidence, media reports and even dinagy pliscussions all lend credence to the claim
that good schools raise local house prices. Bthissclaim really true, and how much are home
owners really willing to pay for access to goodaahl? In the past, US research has led the way in
answering these questions, but as better data leecarailable the field has opened up
internationally. Here, we will not attempt to rewiall the evidence on the effects of schools on
house prices, but instead highlight some of theemnecent findings based on the current state of the
art in terms of empirical methodology. The recentlence is summarised in the first panel Table 1.
In the right hand “Findings” column we have repdrtbe principal results, where possible
standardised to give the percentage effect of astaredard deviation change in school quality. We
have focussed here on studies that measure ‘qualditierms of academic outcomes — usually
school mean test scores, which are typically toeatea sufficient statistic for school quality. 38
clearly a shortcut, since there must be certairradteristics of schools that raise standards —
teaching quality, peer groups, leadership — bugtrpapers are rather silent on identifying which of
these factors matter. Looking at the summary resalthe table, it can be seen that whilst there is
certainly some variation in the point estimatesrfrone study to the next, they all fall within a
reasonably tight range. Although we make no attembat proper meta-analysis, it is worth noting
that the median figure from these studies about ¥i) an inter-quartile range of 4%. This
stability is remarkable considering the diverseeiinational contexts on which the estimates are
based and provides some reassurance that the meth®dincovering a fairly universal figure for
the valuation of school quality, at least when dtadised in terms of percentage value relative to
local housing costs. In Section 2 we discussed sointee econometric challenges and solutions

applied in the field and the “Methods” column oodls the techniques applies in each study.
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Approaches using boundary discontinuities have gutgeopular in recent years, measuring house
price differentials between closely spaced propsrtin either side of catchment area boundaries.
The figures generated by this method from Austréiia US and UK tend to be very closely aligned
(with one exception), providing a median figure35% and an interquartile range of just 1.3%.
Other methods have, however, produced resultateatot far out of line.

An obvious question to ask is whether these figaresat all plausible as monetary estimates
of willingness to pay for school quality. Is thea@y other accompanying evidence that lends
support to the idea that the regressions reallgalethat they claim to detect? A number of the
studies have translated the capitalised valuesnmioetary equivalents: for example, Black (1999)
prices a one-standard deviation increase at ardfa0 in mid-1990s Boston; our work (Gibbons
and Machin (2006)) places the figure at about £96Q®ndon in 2004. In annualised, interest only
terms, these figures do not seem unreasonablehiyofig50 per year in London, 2004 prices for
our own study, when the average per-pupil sperinigland’s primary schools was £2750. These
figures can also be benched marked against thes cosd availability of private schooling,
providing some complementary evidence of theirdmli For example, we show (Gibbons and
Machin, 2003) that payment for state schools veattbusing market does not exceed private school
fees for a single child in London, and Fack andnét€2007) come to similar conclusions for Paris,
further demonstrating that local market penetratin private schools decreases the premium
attracted by good state schools. By way of furttreiss-checking, we made some back of the
envelope calculations of the implicit expected mesuto primary education (Gibbons and Machin,
2001), given that parents have the option of tiemisig wealth directly to their children rather tha
paying more for their education. By our calculatioom the housing market premium, parents must
have judged achievement of the national target lievage-11 tests to generate earnings returns of
20-30% in the labour market, a figure that seemasigible considering that around 75% of pupils
achieve that grade.

Obviously these figures are average valuationslodal quality, estimated across many types

of household, locality and sometimes in multiplai$iog markets. Many other factors will come
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into play in interaction with the house price pramiand some studies have highlighted some
important examples. Cheshire and Sheppard (20@4)sfon particular on the role of uncertainty,
noting that various neighbourhood risk factors sasmew building and admission rule uncertainty
can generate localised variation in the schoolséaoprice link. Mayer and Hilber (2004) and
Brasington (2002) point to evidence of a possible for land availability and housing supply in
reducing the capitalisation of local amenities ou$ing values, though the theoretical arguments
for any long run effects from housing supply ard nompletely clear cut. We find evidence
(Gibbons and Machin, 2006), that, as one might etxiteis the most popular over-capacity schools
that attract the highest premium for improvementadademic standards and that willingness to pay
for school quality decreases quite rapidly with leeschool distance. There are many other
interesting and illuminating questions regardingtwdes to school quality and parental choice
behaviour that might be answered by careful amalg$ithe housing market response to school
qguality and school admissions systems. But eveh what we know so far, it is clear is that
schools can generate a large amount of variatigmaperty prices: by our estimation, a move from
a weak school to a top ranking over-subscribedaohlias worth about £61000 in London in 2004.

Whereas there is a large academic literature oonadshmuch of what we know (or do not
know) about the effects of rail transport on properalues comes from reports by transport
consultants, property consultants and others wgrkirthe real estate industry. Almost invariably,
this work is based on case studies, simple craodsesal regression estimates, or comparisons of
outcomes before and after particular transportegatsj A lot of the most well known work is based
on the BART system in San Francisco, but therenary case studies from elsewhere in the US
and around the world. Comprehensive summariesisfitarature up to 2002 are available in RICS
(2002), Wrigley and Wyatt (2001) and there is ditdlse to add: the findings reported there are
generally mixed, with many showing positive asstores between rail access and residential rents,
land values and prices, but others finding notlingven adverse impacts.

On balance, it is difficult to be convinced by & &b this transport-related research. Only the

most basic attempt is made to attribute price diffgals to pure difference in transport access,
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rather than other unobserved spatial differencdhoAgh attempts are made to separate out the
accessibility benefits of transport proximity fraire potential environmental costs (e.g. noise) and
social costs (e.g. crime), this is not always thgec Moreover, it is always very difficult to comga

or generalise the results from this diverse bodwaoxk, firstly because the results tends to be very
context-specific, and secondly because many diffedefinitions of proximity are employed
without any attempt to standardise on a commonirg. distance) or to convert into valuations
of travel time savings.

Given the importance of accessibility in urban ewoic models and models of
agglomeration, it is quite surprising that soundogiwal analyses are fairly thin on the ground in
the academic literature. Few studies really exptbianges in transport infrastructure to full
advantage — in part probably because of the relaarcity of new transport projects on which to
base the analysis. There are some early excepfimmexample Dewees (1978) and Bajic (1983)
both of whom look at new subway lines in Toront@,ji8 looks at how housing prices reacted to
changes in commuting time, and estimates that ¢menwting time savings in the affected area
raised prices by $2237 on average, implying a $&&20ation of the average 34 hours of time saved
annually. This turns out to be about 40% of thelagage rate, which is comparable to figures for
the valuation of travel time savings from the ty@ors literature, and close to the highest of ounow
back of the envelope calculations based on walkimg savings attributable to new Jubilee Line
stations in London.

To our knowledge, our work (Gibbons and Machin, 208 the first to properly evaluate how
housing prices reacted to localised changes insadumbty using a difference-in-difference and
‘quasi-experimental’ approach. The study considd@nges arising from the new stations built in
London for the Jubilee Line Extension (JLE) andtfer Docklands Light Railway (DLR) extension
at the turn of the millennium. We make no attenopealuate the impact of these new rail links on
accessibility across the whole of London, or even éntire Jubilee Line and DLR corridors, but
look instead at the localised impacts in the amaSouth East London where new infrastructure

had a marked effect on accessibility (see the nmapsisreal and Geofutures, 2005, for evidence on
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these changes). Our approach is fairly simple: rii@n impact of new stations on existing
residential housing is to reduce access timesdd.tindon Underground network from streets near
the stations. Some streets experience no distatgction because they already have another
station that is closer; streets in the immediat@nity experience large distance reductions. Our
study attributes the house price rises associattd these distance reductions to the benefits of
shorter commutes (essentially walking times) tortharest station. Depending on the stringency of
our specification we find effects ranging from andul% to 4% on prices for each 1km reduction in
station-home distance. This estimate implies a %-2bift in prices for a one standard deviation
reduction in distance, suggesting that metro staiocess has an even greater part to play in
determining local house prices than school quality.

Other recent studies are summarised in Table 1again, some are based on cross-sectional
relationships between prices and transport acosbsg;h, as our own work illustrates, may
substantially overestimate the influence of raahsport accessibility. Having said that, looking at
how prices react to new transport policy in thershan is not without its drawbacks: McDonald
and Osuji (1995) and McMillan and McDonald (2004ywe that housing markets reacts well in
advance of the time when new projects come on b@eause housing prices reflect the present
value of the future rise in rents. If this is these — which it will be if housing is treated asasset
rather than a consumption good — then it is necg$sacompare prices over a longer time horizon,
going back to before project announcement, if we tar observe the full impact of transport
infrastructure changes.

Overall, there is nothing approaching consensugheninfluence of transport changes on
property prices. This is hardly surprising giverattithe value of new infrastructure or other
transport policy change is likely to depend heawly what economic opportunities the new
transport gives access to, and how it is pricec Bénefits of better transport are heavily context
dependent, unlike the case of schooling, which daslatively standardised value in the wider
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Crime and fear of crime are self-evidently maj@uiss in modern urban economies, and seem
to be at the forefront of many peoples worries alooban life. New policy to tackle crime and anti-
social behaviour is never far out of the news, yeidmany decisions regarding where and on what
to target resources have to made with only partfarmation on the social costs of crime. One way
to get at the costs of crime is to derive estimagsed on the direct costs reported in victimigatio
surveys, such as the British Crime Survey, accutimgianformation on loss of property, loss of
earnings through incapacity, costs to the healthiceresulting from injury, and so on (Brand and
Price 2000). Inevitably, calculations made in tmgss out on many of the psychological costs
associated with the real risk of being a crimeimctand the fear of crime. But just as we might
expect house prices react to good schools, goodpaat access and good air quality, we would
expect them to react fairly vigorously to localnee rates — at least if there are persistent and
observable differences between places in term$efrisk of victimisation. The question is, do
house prices react strongly to local crime rated,@n we then use this information to value lower
crime in the same way as we can value school guaiansport accessibility and other local goods?

Only a few recent studies have attempted to proaidavers, although there were one or two
very early investigations (Thaler, 1978; Hellmaml &aroff, 1979). Recent studies are presented in
the third panel of Table 1, where it can be seean tthe range of estimates is on a par with those
from the school quality and rail transport liter&uThe challenges here are greater than in either
the school or transport contexts, since disentagglthe influence of crime from other
neighbourhood influences is difficult. Crime recsgs no boundaries that would support a
geographical discontinuity design, and data linoted have, so far, made analysis of the links
between changes in crime and changes in housiegspquite infeasible. In the absence of these
research designs, the approach taken in Gibbor@8)26 to eliminate unobserved neighbourhood
attributes as far as possible using a non-paramnetadelling approach (method b outlined in
Section 2.2. above), coupled with instrumental alalgs techniques. Surprisingly perhaps, the
results from this study indicate that a high inaick of burglary has no effect on housing prices,

possibly because home buyers are not well inforafddcal burglary rates or can install effective
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security measures relatively cheaply. On the oltfaerd, highly visible, but ostensibly more trivial
offences — criminal damage, including vandalisnaffgr, arson and damage to property — seem to
impose high costs on residents. A one standardatienidecrease in the incidence of these crimes
has a capitalised value of around £20,000 in Lonatopear 2000 prices. The costs imposed by
crimes of this type seem high relative to theii@emness, which may mean that these crimes are
taken as signals or symptoms of community instigbildisorder, lack of social cohesion and

neighbourhood deterioration in general.

4. Policy summary and conclusions

This section concludes with discussion of the r@tee of the literature for policy along two
dimensions. Firstly we assess the usefulness ofibeels in providing inputs into cost benefit
analysis evaluation of policy. Secondly considewlibe field provides insights into the influence
of transport, education and criminal justice polay housing prices, and consequences for spatial
sorting and access to amenities.

The examples described in Section 3 illustratepibtentially important role that local public
goods and neighbourhood attributes play as drigétscalised house price variation, of the type
illustrated in the lower panel of Figure 1. Whatommation is there here that can help policy
makers? Firstly, as we have already highlighted,ithplicit prices provide shadow prices of non-
market goods for input into cost-benefit-style geabk, a feature that has been recognised in
environmental economics since the pioneering apiplins of hedonic analysis to air pollution
(Ridker and Henning, 1967). The reliability of ugisingle estimates from hedonic models to value
environmental goods has long been called into guegSmith and Huang, 1995), but we have
demonstrated that is possible to uncover stable, plausible and meauningiluations of spatial
goods from variation in the housing market, in sassuch as school quality — where robust design

strategies have been found for empirical analysiven in the field of air quality valuation
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empirical technology has moved forward since thiyeaoss-sectional studies — see, for example,
Chay and Greenstone (2005).

It is unambiguous from nearly all the literature school quality and housing prices that
people value academic quality in state schoolsn eivéhe precise source of that quality remains
obscure. It is also emerging that willingness tg fheough housing costs in the state sector is,high
possibly on a par with fees in the private seatdrch provides some benchmark as to the level of
resourcing in state schools that could be socadlirable. In the field of transport project apgasi
measuring willingness to pay for better transpbrbagh the housing market should provide a
useful adjunct to measures of the value of timaiakt from mode choice and stated preference
approaches in transport economics (for which sae, dxample, Mackie et al, 2001). The latter
methods measure only the value of direct time gmvihrough transport mode choice, whilst the
housing market responds to much wider range of fiien@nd costs) linked to better transport
connectivity. There are empirical challenges incipg crime reduction or other fuzzy
neighbourhood goods — like educational and soapital (Gibbons 2003, Hilber 2006) — but there
are very few other ways to really get a grasp & $locial value of policy targeted at these
outcomes. Future research in these areas, drawinghanging patterns of prices in relation to
localised policy changes, could prove fruitful. Qofethe biggest obstacles remains, in the UK at
least, a lack of the highly geographically detailache varying information on neighbourhood
characteristics — including crime rates — that wWaubke this kind of analysis feasible.

Households’ willingness to pay for the goods andiises provided by places within cities
lies the heart of standard urban economic theooutathe structure of cities and the “sorting” of
different types of people into different locatiohsthe theory of Tiebout (1956) people face adrad
off between the local taxes they have to pay fdalipwservices and the quality of local services on
offer, and sort themselves into different commuasitiaccordingly. In bid-rent models of
monocentric cities, it is willingness to pay forogimity to city centres that bids up land prices
towards the centre of the city and sorts those areowilling to pay for central city proximity from

those who prefer more space towards the suburlesrédction of housing costs to local amenities
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is a manifestation of these processes at workslhas been shown, improvements in the quality of
neighbourhoods and local public services influehcgising costs, then these factors become
important determinants of city residential strueturhese linkages need to be taken seriously when
designing and targeting policy aimed at neighboadhionprovement and the quality of local public
services.

For example, the case of “selection by mortgagaheschool sector is well rehearsed: When
admission to schools is limited to local resideittss inevitably those who are willing to pay more
for school quality that out-bid the rest in competi for local housing. And since we would expect
demand for schooling to increase with income, thevitably means it is the better educated,
higher-income families that win out (assuming lowame parents cannot borrow off the back of
their children’s expected future educational gginghis has clear theoretical consequences in
terms of sustaining inequalities and reducing $ama economic mobility across the generations.
Whilst there is no direct evidence that accesghmaling is a key factor, there must be suspicions
that it is issues like these that have led to theaeent fall in intergenerational mobility in reten
decades (see Blanden, Gregg and Machin, 2005). Mghn mind, policy that seeks to break the
link between place of residence and school admissgems attractive (such as the lottery systems
implemented in some places in the US and proposeehtly in some places in England, such as
Brighton). Increasing parental choice amongst alshim this way holds the promise of eroding the
linkages from school quality to local housing costsindeed this insight has been used to
differentiate between high and low competition shmarkets in the analysis of the impacts of
school competition in the US (Bayer and McMillanO8. However, expansion of choice along
these lines — and lottery systems in particularavehtheir own potential problems in terms of
increased journey-to-school times and a shift ia thasis of ‘selection’ from ‘mortgage’ to
willingness and ability to bear the transport costs

Although we necessarily painted a rather more harglscape in terms of the precise
valuation of transport improvements, it is certhiom existing empirical analysis that there are

quite strong linkages between transport accedsilaiiid housing values. Again, we emphasize that
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this has an important bearing on transport policgth its rationale and its likely impacts.
Consequently, transport policy needs to go hantdaind with housing policy if, say, it is to be
effective in increasing labour supply. With inelassupply of housing, the potential for new
transport infrastructure to pull large numbers ouinactivity and into employment or to increase
work hours may be very limited, because local rédas in transport costs raise housing costs and
are not necessarily fed through to workers in teomieal wages in the long run. Transport policy
that increases accessibility in one residentiahtionn and not others will tend to increase housing
costs there, making the location more attractivevdokers and less attractive to non-workers, and
aggregate labour supply increases may be verydimit is important to take these considerations
into account. For instance, it is true that thoglaut work tend to live in areas with poor acctss
transport and jobs. On this basis, it is often timgpto propose better transport as a policy ldger
moving people back to work (SEU, 2003), withoutramkledging that the housing market will tend
to sort individuals who are less employable (foratélver reason) into less accessible, low housing
cost residential locations. A similar theme is fdun the ‘environmental justice’ literature, which
postulates that economically disadvantaged houdslaske disproportionately and unfairly exposed
to environmental hazards (see Bowen 2002 for aegyina situation that is unsurprising given that
the housing market is likely to sort low income keliolds into less popular places.

It is also evident, to the extent that crime (am$gibly fear of crime) is capitalised into
housing values, that spatially targeted crime pedican influence local house prices. The UK
government has focused on some area ‘place basadtives (like the Street Crime Initiative and
the Profilic Offenders Programmes studied in Macmd Marie, 2005, 2007) which have scope to
alter the spatial distribution of house prices égucing the contribution that differences in criatin
activity (like street crime and prolific offending)ake to housing values.

This discussion makes it transparent that govertmehcy links closely to some of the
findings in the literature on hedonic valuationlatal amenities. The ones we have focussed upon
in this paper are better school quality, improvehsport and lower crime, all three of which are

significant targets of government policy design aimgplementation, and all of which are
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significantly capitalised into higher local housiuglues. In our view, very useful policy-relevant
information about the values of local goods and wthgation in these values across people and
places can be extracted from simple empirical hguee models that pay very careful attention to

basic identification issues.
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Effects of schools, rail transport and crime ongiog values: selected international research floapast 10 years

Schools
Study Scope Methods Findings
Clapp, Nanda and Ross (2007) Connecticut, 1994-28045rade| Changes over time in school distrjct.3-1.4% increase in prices for ophe
maths scores and demographiharacteristics (within towns andtandard deviation increase |[in
characteristics census tracts) maths scores. Proportions Black
and Hispanic more important when
looking at long run changes.
Machin and Salvanes (2007) Average pupil marks | Admissions policy reform House price premium for better
mathematics, = Norwegian andenerated switch from zone basexthool performance falls after
English) in secondary schools, Oslto open enrolment in 1997/8 (wittreform.  Before reform 2%-4%
boundary discontinuities) increase in prices for one standard
deviation increase in school average
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pupil marks.

Fack and Grenet (2007) Middle school maths, gedgraiscontinuities at school attendanc2% for one-standard deviation
history and French assessmer#pne boundaries increase in performance

Paris 1997-2003

Davidoff and Leigh (2007) High school test scor@sstralian| Discontinuities at school attendanc®.5% for one standard deviation
Capital Territory, 2003-2005 zone boundaries increase in performance (5%

increase in test scores)

Brasington and Haurin (2006) Percentage of pupglaching & | Controls for neighbourhood7.6% for one standard deviation
grade proficiency in Ohio, 2000/1 | characteristics and  correlatiomcrease in performance (a 19.8%
between neighbouring housingncrease in proficiency rates)

values

Gibbons and Machin (2006) Proportion reaching tagyade in| Discontinuities at school district3.8% for one standard deviation

primary school maths, science anldoundaries, changes over timmcrease in performance.
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English tests, London area, 19¢

@within geographical school clustet

S,

2001 and instrumental variables

Cheshire and Sheppard (2004) Primary schools: Propa Primary schools: 9.8% for on
reaching target grade in primary standard  deviation = Secondd
school maths, science and English schools: 4.0% for one standg
tests; Secondary schools: deviation (own linear interpolatio

proportion gaining 5 grade A-

GCSEs; Reading England, 1990s

from authors reported results)

Kane, Riegg and Staiger (2005)

Maths and readingresc in
elementary schools, Mecklenbu

County North Carolina, 1994-200]

rgone boundaries, and difference-
| difference based on bounda

changes

Discontinuities at school attendanc&0%

ry

nAcrease in mean test scores

for one standard deviatic

n

Figlio and Lucas (2004)

Elementary school gradesethan

government evaluation, Florid

Repeat property sales within sm

a,

all

10% premiumstdrools receiving
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an “A” gradeath year

1999-2001

neighbourhoods in Florida

Rosenthal (2003)

Secondary schools, England, 194

1998

Proportion gaining 5 A-C GCSEs@ross-sectional

regression

~

(school inspections as instruments

and% elasticity

D@strumental variables approaches

)

Gibbons and Machin (2003)

English tests, England, 1996-199

Proportion reaching tagyade in

primary school maths, science anghobservable

Semi-parametric

factorg

9 discontinuities at school

modelling  0f4% - 9% premium for one-standard

districtpercentage point increase)

deviation increase (3.3-6.9% for 10

boundaries, and instrumental
variables
Leech and Campos (2003) Well known popular secgnd@ample design to minimisel6-20% premium for two most
schools in Coventry, 2000 unobserved neighbourhoggbopular secondary schools
differences

of  neighbourhood

Bogart and Cromwell (2000)

Loss of neighbourhoodosts and

Difference in difference methads Disrupti
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re-districting, 1983-1994, Shak

Heights Cleveland US

eusing re-drawing of school distri

boundaries

by 10% reduction

cischool assignment reduces pri¢

es

Black (1999)

Maths and reading scores

elementary schools in

Massachusetts, 1993-1995

{Dross-sectional study

Bostorttendance boundary discontinuiti

usir

@.5% premium for 5% relativ

emcrease (one standard deviation)

Rail transport

Gibbons and Machin (2005)

Distance of house salesm
London Underground and Netwo
Rail stations, and impact of Jubil

Line Extension

f Repeat-sales/quasi-experimental
rkype, based on the change
egtation-home  distance

from new Jubilee Line stations.

resultinglistance (1-4% per km)

ideviation increase in home-stati

Armstrong and Rodriguez (2006)

Drive time and pmuky to

commuter rail stations, Easte

Massachusetts, 2000

Cross-sectional regression w
rmodelling of unobserved spati

factors

t10% premium for properties withi
all/2 mile of a station. 15% reductic

per minute of additional homé

7-20% decrease for a one standard

N
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station drive time. 10% for statign

in home municipality. Increase [n

prices with distance from rail lines|.

McMillen and McDonald (2004) 1983-1999 of proposdRepeat sales of single family homes 4-21% decregapeoperty values
construction and opening of per mile distance from proposed
Midway Airport — Downtown and completed transit line statign.

Chicago rail transit line (opened In Evidence of pre-opening

1993) anticipatory effects

Bowes and Ihlanfeldt (2001) Proximity to Metropaiit Atlanta| Cross-sectional analysis of diredComplex interactions between
Rapid Transit Authority (MARTA) price effects, and price effegtstation distance, distance to CBD
stations 1991-1994 operating through crime and logahnd local income levels. Negative

retail employment effects in very close proximity, and

in low income neighbourhoods.

Positive effects beyond %2 mile

from station, further out from CBD
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and in higher incomg

neighbourhoods

1%

Cervero and Landis (1995, 1997)

Review of Iland usend

development impacts of the B

Review articles. Figures based

agomparison of matched pairs

oWlixed and localised effects. 12

opremium for location “near” BART

%0

Area Rapid Transit System over 2bcations near rail stations andtation relative to freeway
years elsewhere junctions. 16% premium far
apartments “close” to BART
stations in edge locations. $2
decrease per metre distance.
Crime
Gibbons (2004) London, 1999/2000, impact of Igc8emi-parametric  modelling  0fl0% decrease in price for a|l
burglary and criminal damageainobserved spatial factors. Crime|istandard deviation increase in lo
(incidents per km2) non-residential  dwellings anddensity of criminal damage. No

location of bars as instrumental
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variables.

significant impact from burglary

Lynch and Rasmussen (2000)

Jacksonville Florida,pach of

violent and property crime

Cross-sectional

control variables

regression

W

td% decrease in price for 1. stand

insignificant

with property crime

deviation increase in violent crime
(elasticity of -0.048). Prices show

positive associatian

ard

Bowes and Ihlanfeldt (2001)

Atlanta, 1991-1994, acip of

crimes per acre in the census trag

Cross-sectional

tcontrol variables

regression

W

tl8%-5.7% decrease in prices for gne
additional crime per acre (sd
unreported)
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