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THE BEHAVIOUR OF REGIONAL HOUSING MARKETS AND CONSTRUCTION:
IMPLICATIONS FOR MODELLING SUB-REGIONAL HOUSING SUPPLY

ABSTRACT

Recent advances in modelling housing investmernthén UK and the United States have
centred on estimation of price elasticity of supahd on estimating key relationships in the
behaviour of housing prices and construction ougpwegional level. Yet, there are two main
limitations evident in existing knowledge. Firdtetextent to which many operational models
reconcile with underlying economic theory is linditeFor example, a number of published
studies fail to find construction costs or lanccps to be significant predictors of new housing
investment. Second, the recent focus on nationdlregional models has had the result that
the impact of planning controls on housing investtnend price elasticity of supply in
particular, is not generally well understood. Dnagvon a recent project funded by the UK
Government’s National Housing and Planning AdviceitlUthis paper compares several
approaches to modelling new housing investmenégibnal level in England. It advances a
multi-equation approach to explain new housing troeson and the behaviour of house
prices. Significantly, the suggested modelling apph includes explicit recognition of the
endogeneity of residential development land prames$ planning controls.

1. INTRODUCTION

Advances in understanding the drivers and dynawiasew housing supply have not kept
apace with developments in modelling housing abdua markets, or demographic processes
such as household formation or migration. SinceBidwker Review reported its main findings
in 2004 (Barker, 2004), the relationships betweeunsing supply and housing prices, hence
affordability, have enjoyed a prominent position timee UK. Yet a number of recently
published studies, particularly in contexts outwitie UK, demonstrate the potential for
explaining outcomes in the housing constructiontemore effectively than has been
achieved in some previous UK studies.

The aim of this paper is to extend recent develops® the literature on housing supply, the
behaviour of house prices and the dynamics of hgusonstruction. One particularly
important omission in past studies is considereelrole of the land market and land prices in
helping determine construction sector outcomes.

This paper sets out models of housing developnagak prices and new housing starts. It does
not examine the determination of housing price geafabour market outcomes, migration or
demographic processes. Instead, by considering fames as a partial determinant of
housing construction the paper is intended to addweell recognised limitations inherent in
previous studies of housing supply.

The next section reviews previous studies of thesimg market and new housing investment
focusing initially on the US literature. The seatithen moves on to consider findings from
recent UK studies, with emphases on modelling mguprices and on the role of planning
controls in determining the responsiveness of mgusupply. Section Il sets out a theory of
new housing investment accounting for the behavadutousing prices, land prices and the
impact of planning controls. Section IV provideset of empirical results focusing on models



estimated at regional level. A set of simple siiafa results, and the implications for
modelling sub-regional housing supply, are thens@red. Section V provides conclusions
and suggestions for further development of the work

2. REVIEW OF PREVIOUS RESEARCH

US studies of housing supply and elasticity

Most previous studies of housing supply in the @Sehbeen concerned either with the price
elasticity of supply, or in the development of &t@djustment approaches to modelling the
housing stock and housing prices (see MalpezziMaxdennan, 2001, for a review of studies

of price elasticity in particular). Malpezzi and dkennan’'s (2001) results indicate a

substantial difference between the US and UK erped. Estimating pre-war and post-war

price elasticities of housing supply, they findgndicant difference between the two periods:

rising from between 4 and 10 to between 6 and 1&erUS, and falling from between 1 and

4 to between 0 and 1 in the UK between the twooperthey examined. The study represents
a unigue comparison of US and UK experience usiogramon methodology. As the authors

note, there are few examples of time series appesato the estimation of price elasticity of

supply in the UK with most estimates being derifredn cross-sectional studies.

The literature has seen a number of recent stumiaserned with structural models of the
housing market. Montgomery (1996) defines theskedsnging to two distinct groups: those

based on models of household formation and housiags, and those based on stock
adjustment approaches. She cites Maisel (1963heasdminal work, with a reduced form

equation for housing starts as follows:

starts= (AHH; + R) + (AV, - Aly)

Where Rrefers to net removal from the housing stock ghehthe first term defines the net
change in households and housing stock. The sdeomddescribes the net of change in
housing units under construction and change imtimber of vacant units. Montgomery
(1995) refers to the latter as important for exptag the business cycle rather than a long
term trend. Meanwhile, Muth’s (1960) partial st@zkustment model is rehearsed as follows:

i% = u[HPt - (1 —8)Hea]

Demand for new construction is therefore defined asction of the difference between the
desired housing stock and depreciated current hgwsock. Montgomery (1996) notes that
the partial adjustment parametecan be interpreted as the propensity of household®ve
and defines a housing investment equation as fsllow

i% = pMHM = (1 -8)Hea] + p'[H' = (1 -8)Hea]

This innovation distinguishes between investmentmprovement and investment in new
construction.

In a recent study by Grimes and Aitken (2010), &¢hors point out that many previous
studies have failed to successfully apply the Tsb{1969) q approach to new housing
investment. They point to the omission by many issi@f land prices as a factor cost and



note Mayer and Somerville’s (2000) argunfettiat such an omission gives rise to a
misspecified model and incompatability with the &uum urban growth model (Roback,
1982). They also point out that a stationary vdeigbousing starts as a proportion of housing
stock) cannot be modelled as a function of a sehaf-stationary variables unless they
constitute a cointegrating vector. This requiresgbm of construction and land costs to equal
house prices — a condition that cannot be metaratssence of data on housing development
land prices.

The unavailability of reliable data on housing lgmdces on a time series basis is a well
recognised problem in the literature, and has edtea number of studies. Glaeser et al (2008)
treated land costs as a fixed proportion (20%) afsing prices. DiPasquale and Wheaton
(1994) used the price of agricultural land. NeitReterba (1984) or Topel and Rosen (1988)
included land costs with Mayer and Somerville (208Qggesting that the omission may

explain the failure of either study to find a siggant relationship between construction costs
and housing supply, contrary to the predictionsecdnomic theory. In a detailed review

article DiPasquale (1999) points out that houseegriand construction costs are generally
poor predictors in models of new construction angues that the apparent importance of
inflation and time to sale are difficult to explaimeoretically.

One issue that has received relatively little diben to date concerns the potential
endogeneity of land prices. DiPasquale and Wheét684) point out that land prices are
generated on the basis of developers’ expectatibtige profitability of constructing housing.
Assuming land prices as an exogenous factor cdbeiletermination of housing investment
must therefore be treated with care. Indeed, Maipaad Maclennan (2001) point out that
although Muth (1960) and Follain (1979) estimatestlels of housing investment with factor
prices on the right hand side, others have argoedsgarser specifications (Olsen, 1987;
Blackley, 1999).

Planning controls represent a second issue of pallgrgreat importance to the relationship

between land prices and new housing supply. Althotingre is a rich literature concerned

with cross-sectional estimation of the impact adrpling restraint on housing supply and
prices, there are few published studies using semes data. An exception is Glaeser et al
(2006) who estimate equations for log populatioages and house prices in non-declining
cities. They estimate the effects of an increasgraductivity on change in house prices and
change in employment and assume that variatiotBeinatio of these coefficients between
areas is the result of variation in local housing@y elasticities. Using 20 years of data for
US cities, they show that an increase in laboudypetvity gives rise to a greater increase in
population and lower increase in house pricestiascthey describe as having lower housing
supply regulation.

UK studies of housing construction in the post Barker era

The post Barker period has seen significant conegptievelopment of housing market
models in the UK (Meen et al, 2005). Prior to tmsst published studies of the UK housing
market viewed house price growth as the resulhoftsrun interactions between supply and
demand. Consequently, house price models werenistg derived from structural supply

and demand equations. In practical terms, as Leishand Bramley (2005) note, reduced
form equations for house price determination terneepresent inverted demand functions,

2 See also Poterba (1984)



primarily because house price change in the UKHstorically demonstrated a very weak
relationship with housing supply. As a result, mdmmusing models published in the UK
literature set out rates of house price growth asaetion of lagged values together with real
house price levels and real household incomes.wigighting of population towards more
housing market active age groups and various fatiauns of user cost of capital also
generally feature as important demand side drigeh®use price change.

Recently, econometric models of house prices harine more sophisticated, adopting
error correction or cointegration approaches, wathistock and adjustment’ conceptual
framework rather than the notion that prices aeedttcome of the interaction of supply and
demand and rapid market clearing. Error correctinodels reflect the predictions of

economic theory that long-run relationships exettin@en key economic variables. A simple
example is provided by Malpezzi (1999) who showet tteal house price change can be
modelled using an error correction model in whickcg adjustments occur in response to
disequilibrium in the ratio of typical house pricesincomes. This natural ratio is estimated
based on a restricted sample of near zero pricestgnts and an instrumental variables
approach. Malpezzi (1999) also found that mark@istchents are symmetrical - essentially
the same magnitude for positive and negative augsts - and linear (smaller and larger
adjustments to equilibrium have a similar magnijude

The Meen et al (2005) model adopts a similar coniregelation to the ratio of households to

dwellings, but is much more detailed in its speeaifion. For example, it reflects macro-

economic drivers of house price change by measwrnedit market conditions, nominal and

real mortgage rates and inflation. It also includesilth effects, proxied by the natural log of
real FTSE returns) and a set of regional and deapdge drivers including the regional share
of working population in the 20-39 age group andrgje in the ratio of working population

to housing stock. The ratio of working populati@nhousing stock is an important driver of
house prices in the long-run. It acts as a linkveen the housing market model and the
household formation model which, together with niedd labour market states and earnings,
and household migration, make up the Meen et &FP®ng run simulation model.

In Meen et al (2005), followed by Leishman et a0{&), housing construction is not
modelled explicitly. Instead, the ratio of houseatso{or working population) to dwellings is
used, in essence, as an error correction term.cbmseptual approach assumes that where, or
when, this ratio is relatively high, so real hoyse&e change will tend to be high, and vice
versa. The model specification builds in a combarmabf short run and long run effects.
Changes to individuals’ labour market states amiegs and the user cost of capital, for
example, have short run effects on house price tjroates. The regional ratios of households
to dwellings have long run effects — effectivelycalerating or decelerating short-run
adjustments in line with this measure of long rusequilibrium. These models reflect the
idea that new housing supply affects house priceani indirect fashion. Within a given
region, the future rate of net additions to the dnog stock alters the ratio of households to
dwellings. This ratio is also affected by the fetunumber of households as predicted by the
household formation element of the simulation modfethe rate of net additions exceeds
future household formation then the ratio of hoodgd to dwellings decreases, and this
reduces the long run rate of real house price agiren.

There have been several attempts to model new-haiding supply directly, with reference
to construction cost, macro economic, planning land supply, and demographic variables.
Leishman and Bramley (2005) modelled house prices of household migration between



sub-regions and new-build housing supply simultasgo They reported price elasticity of
supply estimates ranging from 0.2 to 0.5. Howewbgey also report a poor empirical
performance for their supply equation, noting theiv-build housing completions are driven
by planning and land availability and demand sideiables (such as house prices and
change). Construction costs and interest rateaarearticularly important in their model. A
more complex version of their model estimated atragional level in England (Bramley and
Leishman, 2005) demonstrates stronger empiricdbpeance. However, these results also
suggest that new housing output at sub-regional lisvdriven primarily by the flow of land,
planning permissions, house prices and area effeaigied by spatial lag terms).

At the macro level, the conclusions may be quiteint. For example, Tsoukis and
Westaway (1994) found that the volume of housingstmiction is affected significantly and
negatively by nominal interests rates and, to selegxtent, positively by contemporaneous
and future house price levels. They show that coasbn costs are relatively unimportant in
terms of driving new supply. However, developersiegelly view interest rates as an
important ‘cost’ factor. The Tsoukis and Westaw&994) results suggest that interest rates
affect construction in two ways: negatively in tlh@g run, and positively in the short run.
These findings are consistent with expectationsesimigher levels of interest rates should
lower construction, given the importance of devaitept finance to this form of investment.
A rise in interest rates alters the relationshigween housing starts and completions,
reflecting developers’ ability to speed up condinrcto avoid the higher opportunity cost of
higher interest rates.

In a more detailed review of models of housingtstéand completions), Meen (1996) notes
that most studies find that credit market condgi@n borrowing constraints are found to be
insignificant, but that house prices, constructamsts and interest rates generally have the
expected effects. He suggests that an early comsansedel might include these variables
together with land prices and credit availabililyadugh, as noted, these proxies are generally
not significant). A particularly important findinget out by Meen (1996) is of very stable
construction equation coefficients at regional leViédis is in contrast to house prices and
earnings, the results for which suggest a stroggegeof spatial dependence.

Interestingly, Meen (1996) points out that land tsoer availability are generally not
significant, though he points out that land avaliabmay ‘become’ significant at smaller
spatial units. For example, Bramley (1993) and Begrand Leishman (2005) find, as noted
earlier, that land supply and the flow of land wijilanning permissions are significant
determinants of construction output at local or -sedional levels. Perhaps more
significantly, Bramley and Leishman (2005) find somvidence that coefficients vary
between areas of low, high and ‘mainstream’ houdmgand, although this hypothesis is not
tested exhaustively. However, their suggestion rtscavith the ‘backward bending’ supply
curve hypothesis suggested by Meen (1996) and P{¥869) and mirrors theoretical
predictions made by Aura and Davidoff (2007). Téer predict that a rise in land supply in
the context of a single U.S. local housing marketild have relatively little impact on house
prices, but that a significant price effect woudgult in response to a co-ordinated policy of
land supply increase across many such marketshibaeils and Bramley (2005) show
empirical evidence that higher rates of house mgldutput in a single sub-regional area
have relatively limited impact on price, but thagher rates of household inward migration
may result instead. Concerted increases in langlgwgeross a series of adjacent subregions
would have a more significant effect on prices.



More recently, Fingleton (2008) has suggested that effects of a rise in housing
construction are not necessarily as readily pratletat sub-regional level as at regional or
national level. He argues that higher rates of hewsing supply may have important labour
market effects — effectively increasing sub-regidmausehold incomes and wealth with the
possibility of increasing housing demand.

Many unanswered questions therefore remain indhéext of housing and land markets. It is
not clear why planning and the supply of land stidog apparently unimportant at larger
spatial scales while seemingly becoming importargdigstors of construction output at
smaller scales. Similarly, the ‘backward bendingmy curve’ hypothesis, while intuitively
appealing, has not been subject to comprehensiyarieat test. Yet, if the behaviour of the
construction sector in response to housing markahge varies spatially then this is at least
suggestive that an important aspect of the housystem is not currently well understood.
The next section picks up the argument from eairi¢his one — that land prices should be of
importance in partly determining construction aityivand that they are endogenous in the
housing system.

3. DETERMINANTS OF HOUSING CONSTRUCTION AND LAND PRICES

Theoretical approach

The price of land suitable for housing construcidnot exogenous, but is determined partly
through the expectations of developers. Assumiag dievelopers have perfect foresight and
the market is sufficiently competitive to ensuremal profits, the price of development land
should be the discounted residual of revenue gestbifeom completed housing sales over
development costs (see Leishman et al, 2000). Heleselopers expectations concerning the
path of construction costs, housing prices andsthert term rate of finance during the
development period combine to determine their maxmtand bids.

To simplify, assume that developers are myopic tad the land market clears within a
single year. Developers’ demand for land suitabledevelopment can then be defined very
simply:

D, =, +o,Ph, —a.,C, —a,S, —,Pl, (1)
Where,

Ph Per unit price of housing

C Per unit cost of new construction

Si Short term rate of finance

Pl Price of land suitable for development

An urban economics approach would define supplyeiation to the profitability of a
competing land use (agricultural rent) and the piadé significance of supply constraints
would not be accounted for. If we acknowledge ttta supply of land suitable for
development is derived from the stock either willhnping permission or with strong
potential for acquiring it then we can define thp@y of developable land as:

S =By +BPl + 182(1_ ﬂ“)a)t—l (2)



Where Sp; represents previous period stock of land with piag permission and
represents the propensity of developers or landudg@®rs to stockpile land with planning
permission rather than offer for imnmediate supRlgarranging and solving for Pl we obtain:

Pl, = 1o + 154 + 1,Ph + 14C + 11, S, (€))
Wherep; represents a combination of the propensity of igess to stockpile land and the

resultant price effect, and all other parametemeagent non-identifiable combinations of
parameters from (1) and (2), i.e:

P| :,Bo_ao

t

P -V, - —A—ph +—%2 c +—2%
pita, pt+a, b +a, p+a, b +a,

S, (3a)

Construction starts may be taken as determinedmattpartial stock adjustment framework
as set out by Muth (1960) and DiPasquale & Whe#&l®94). Year on year change to the
housing stock depends on an adjustment parametethardifference between a required or
desirable equilibrium stock level and depreciatesl/jpus period housing stock:

AHS = y|HS (Ph,,C,,S,,PI,)- (1- 5)HS, | (4)

Where,

Y Adjustment parameter

HS  Desirable or equilibrium level of housing stock

S Rate of depreciation of the existing housing stock

As noted in the previous section, empirical studmethe stock adjustment tradition do not
generally find factor costs to be significant, ged/ studies have successfully included an
appropriate measure of land prices, let alone fotlein to be important in determining
construction starts. Interestingly, Meen (1996paistes this point but suggests that the price
of land may ‘become’ significant at smaller spasieles.

From a theoretical standpoint, the definition adesired or equilbrium housing stock on the
basis of factor prices and costs is difficult toaecile with the urban spatial economic model
(Alonso, 1964; Muth, 1969). The desired level of $iag stock is more logically a function
of a city’s population, population density, househacomes and housing prices. Factor costs
(and supply constraints) more logically affect thée of adjustment of the housing stock to
the desired level:

AHS = 7/(Ct ) Stplt)[HS\* (Ptt’ Pdt ’Yt , Pht)_ (1_ 5)HS\71] (5)

Data and estimation approach

The remainder of this paper sets out estimationltesirawing on data collected during a
project funded by the UK Government’s National Houseugd Planning Advice Unit
(NHPAU). The project was designed to test the feagiilf modelling housing and labour
markets, labour market migration and housing cocstn at sub-regional level in England.
However, this paper concentrates on regional leveleiscand a 1994-2007 study period. The



results for sub-regional model of new housing supply well as housing prices, labour
market status, labour market earnings and laboukehanigration are reported elsewhere
(primarily in Andrew et al, 2010).

Results for two main models, both regional in s¢@ve reported:

)] The determination of the price of land suitafeiehousing construction;
i) Determination of housing construction starts.

The land price model is closely related to equaf®n The model defines land prices as a
function of the previous period stock of land wahtline planning permission for housing
development. Contemporaneous new housing prices, tenm interest rates and an index of
construction costs act as demand and cost shifteesland price data is, in fact, a measure of
mean valuations of housing development land rédtiaer transaction price data. This variable,
together with the mix-adjusted measure of new-bhadsing prices, was sourced from the
UK Government’s department of Communities and Localvéeoment. The short term
interest rate variable is the annual mean of thheethmonth interbank interest rate. The
construction cost index is a national measure ddrivom the Building Cost Information
Service (BCIS) of the Royal Institution of Charti®urveyors.

Two alternative approaches are taken to operatemdie model of construction starts. The
first flows directly from equation (4). Constructiatarts are assumed to be a function of
contemporaneous new-build housing prices, a cactgiru cost index, the price of land
suitable for housing development, short-term irgemates and lagged housing stock. The
latter is designed to act as an error correctiom,tecapturing the assumed tendency of
construction activity to be partly related to digpabetween the actual and a desirable level
of housing stock.

The second approach modifies the way in which newsihguprices, construction costs and
short-term interest rates combine to determinetcoctson activity. Specifically, the analysis
tests whether a Q approach is appropriate (Tobin9)196 this context, the Q approach to
modelling investment assumes that constructionvigctoccurs when the price of new
housing exceeds the costs of construction. Tahestypothesis, housing prices should enter
the equation only when the ratio of an index oftcgsi to an index of construction costs
exceeds one, and are set to zero otherwise. Howaegéghtly different empirical approach is
taken in this paper reflecting the fact that whiu$ing price and construction cost change
can be measured, it is not possible to predictupér profitability of housing development
with any accuracy.

4. EMPIRICAL ANALYSIS

As noted in the previous section, the model estonatiare based on a dataset of 9 regions
(government office regions) in England, measuredroa 1994-2007 study period. The
estimations employ a panel econometric approadmapily to optimise the available but
limited dataset. A disadvantage of this approachtha coefficients are, by definition,
assumed to be constant across spatial units. Howswesre justification for this assumption
has been reported by others in the context of dmstcuction industry (see for example Meen,
1996). The main advantage is pragmatic: good qudata on the price or value of housing
development land are not readily available priot 394.



Table 1 reports the results of three estimatioas ¢losely follow the specification set out by
equation (4). Model 2 differs from model 1 in thclusion of the new flow of land with
outline planning permission, rather than the outditag stock of land with permission. Model
3 includes both variables.

Tablel Land price model initial estimation results
Variable Model 1 Model 2 Model 3
Constant -7.447 i -5.701 ek -5.719 il
|_Phn 2.016 ok 1.922 rork 1.912 rork
|_Si 0.409 ok 0.361 ok 0.37 ok
|_cind_r -0.344 i -0.258 * -0.243
|_plfn/st(-1) 0.275 i 0.293 i
|_plsh/st(-1) 0.175 i -0.03
sigma_u 0.293 0.272 0.28
sigma_e 0.145 0.132 0.133
rho 0.803 0.808 0.816
R-sq: within 0.942 0.952 0.952
R-sq: between 0.827 0.847 0.85
R-sq: overall 0.871 0.88 0.882
Wald / F 1731.92 ok 2088.14 ek 2079.17 ok
Groups 9 9 9
N 117 117 117

Note: Dependent variable is |_PI (natural log @fdaend price); *** significant at 1%,; ** significat at 5%; * significant at 10%

The results are somewhat disappointing, with a rarmlb ‘incorrectly’ signed coefficients. In
particular, while new-build housing prices are gpigsiand significant in each of the models,
the index of real construction costs is significanty in models 1 and 2, though is correctly
signed. Most concerning is the fact that the pneviperiod stock or flow of land with outline
planning permission is positively signed in eachtleé models. This is clearly not in
accordance with a priori expectations and the diveoaclusion must be that none of the
initial models can be regarded as acceptable. uekperimentation with specification led to
an alternative model as summarised in table 2.

Table?2 Revised land price model estimation results
Variable AR and FE AR FE no AR or FE
Constant 2.634 ok -1.463 -2.27 * -3.102 **
|_Phn 0.918 skl 1.244 il 1.248 ok 1.341 ok
|_plsh/st(-3) -0.25 x* -0.281 ok -0.391 ok -0.338 ok
|_c_si(-2) -0.357 fiisled -0.372 ok -0.358 ok -0.316 ok
rho_ar 0.695 0.695
sigma_u 0.365 0.241 0.301 0.236
sigma_e 0.125 0.126 0.156 0.156
rho_fov 0.896 0.784 0.788 0.695
theta 0.6
R-sq: within 0.516 0.92 0.921 0.921
R-sq: between 0.813 0.821 0.794 0.812
R-sq: overall 0.821 0.841 0.834 0.843
Wald / F 27.69 il 353.9 il 337.42 ekl 1005.09 ok
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Groups 9 9 9 9
N 99 99 99 99

Note: Dependent variable is |_PI (natural log @fdand price); *** significant at 1%,; ** significat at 5%; * significant at 10%

The revised land price model combines the constructost index and short-term interest
rates into a single variable. Experimentation ré&agtgeveral specifications in which either of
these original variables was revealed as negatsiglyed and statistically significant, but no
specification in which both were simultaneously. &ivthat the cost of development is a
combination of construction costs and the cost ladristerm development finance, the
combination of these variables in a single meassirgistifiable, as well as empirically
desirable in this case. The choice of lag for trasiable is more difficult to justify: while
contemporaneous new-build housing prices providaedri explanatory power than any other
choice of lag, the interaction of construction casiex and short-term interest rates is
significant only at two lags. This may suggest tHatelopers respond more rapidly to
housing prices than development costs in formudatireir bids for development land.

The choice of appropriate lag for the planning afale is equally a combination of empirical
and theoretical criteria. As noted earlier in thetism, at one lag the stock of land with
outline planning permission is statistically sigeaint but correctly signed. The variable is not
significant at two lags, but is significant and aggely signed at three lags. This somewhat
strange set of results may be the result of endggewith respect to the stock or flow of land
with planning permission and the supply of landually entering the development process.
Earlier in the paper it was argued that the supphkared for housing development should be
at least a partial derivation from the stock otdamith planning permission. Clearly, there are
also feedback effects at work: on one hand, a nseonstruction activity will deplete the
stock of land with planning permission; on the othand, the quantity of land taken by
developers through the planning process is likelyoe related to the level of construction
activity and the rate at which the stock of landwaermission is consumed by construction.

Table 2 reports a number of model variants: witth without fixed effects, and both with and
without a first order autoregressive term. The ifigsition for the latter is based on the
instability of the coefficient on the stock of lamdth planning permission with respect to
choice of lag. The results show some evidence dfic@at stability for this variable, and for
new-build housing prices. However, all four estimasicsummarised in table 2 include a
positive coefficient for housing prices and negatior both the construction cost / short-term
interest rate variable and the lagged stock of lanitd planning permission (expressed as a
proportion of annual construction starts). All thregriables are statistically significant in
each case.

The estimation results for the construction modelsummarised in table 3. The dependent
variable is the natural log of new housing starts] all explanatory variables are also
measured in natural logs. The models broadly folloevspecification suggested by equation
(4), but with several important differences. In partar, including lagged housing stock
produced surprising results, as shown in the colsommarising model 3. In this simple
model with no fixed effects or autoregressive tettme, coefficient on lagged housing stock is
large and positive contrary to prior expectatioh® eamall and negative coefficient. In fact,
the coefficient is very unstable, as indicated txy substantial differences between the four
estimation approaches in addition to change in.signa further attempt to capture the
behaviour of construction activity as part of anuatiment process in establishing an
equilibrium housing stock, the ratio of househoklis dwellings was included in the
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specification. This variable (with three lags)igmsficant only in the specification of model 1,

which includes a first order autoregressive termnuautixed effects.

Table3 Housing construction starts: initial estimation results
Model 1: Model 2: Model 3: Model 4:
Variable with AR term AR & FE no AR/ FE with fixed effects
Constant 3.494 bkl 22.736 *hk 3.219 bl 27.197 faid
|_Phn 0.179 * 0.355 Fkx 0.173 * 0.278 bkl
| Pl -0.102 * 0.07 -0.091 * 0.111 *
|_c_si(-2) -0.145 * -0.15 e -0.154 i -0.169 *k
|_occst(-1) 0.816 bl -2.5 * 0.82 fa -3.042 i
|_hhst(-3) -0.824 bkl 1.044 -0.315 0.649
rho_ar 0.054 0.054
sigma_u 0.057 1.193 0.098 1.365
sigma_e 0.085 0.067 0.073 0.073
rho_fov 0.314 0.997 0.642 0.997
theta 0.576
R-sq: within 0.312 0.544 0.34 0.503
R-sq: between 0.957 0.93 0.928 0.908
R-sq: overall 0.903 0.817 0.878 0.804
Wald / F 244.47 i 18.11 Fhx 109.93 bkl 17.21 ikl
Groups 9 9 9 9
N 90 90 90 90

Note: Dependent variable is |_ST (natural log afw@al construction starts); *** significant at 196; gignificant at 5%; * significant at 10%

The results also suggest some instability in teofmthe land price variable. This is weakly
significant in three of the four estimations (aé th0% level). New housing prices and the
composite construction cost / short-term interede rvariable are positive/negative and
statistically significant in all four models.

The final estimation results are shown in table #ese concern the revised construction starts
model specification and differ from those shownahlé¢ 3 in terms of the way housing prices
and construction costs are treated in the modehdRdhan including house prices together
with a composite measure of construction costs mberest rates, the variable “ip/ic”
represents the index of real new housing pricegtivel to the index of real construction costs.
Short-term interest rates enter the model in twoswdySi” is the log of short-term interest
rates, and “dev_si” represents the deviation betvadwmt-term interest rates and the mean
level observed over the 1994-2007 study period.

Table4 Housing construction starts: Q specification results
| ST Model 1 Model 2 Model 3 Model 4

Constant 5.175 ok 5.343 il 4.931 ok 4.9 ok
|_PI -0.094 ork -0.11 ok -0.07 * -0.068 ek
ip/ic 0.013
ip/ic(-1) 0.045
ip/ic(-2) -0.035
ip/ic(-3) -0.039
|_Si(-2) -0.251 i -0.227 ok -0.262 ok -0.255 ok
dev_si(-3) -0.023 ok -0.022 ok -0.027 ok -0.028 ok
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|_occst(-1) 0.874 ok 0.871 ok 0.875 ok 0.873 ok
|_hhst(-3) -0.772 bl -0.784 Forx -0.787 Forx -0.781 ok
rho_ar 0.11 0.176 0.132 0.143
sigma_u 0.058 0.057 0.058 0.058
sigma_e 0.079 0.078 0.078 0.078
rho_fov 0.35 0.351 0.357 0.355

theta 0.584 0.561 0.582 0.577

R-sq: within 0.425 0.423 0.43 0.43

R-sqg: between 0.953 0.954 0.952 0.952
R-sq: overall 0.909 0.91 0.909 0.909

Wald / F 261.32 Frx 252.88 ok 255.16 ok 255.95 *k
Groups 9 9 9 9

N 90 90 90 90

As table 4 shows, the index of prices relative totas not statistically significant either
contemporaneously or on a lagged basis. Extensigergnentation with the specification,

excluding or including the other explanatory valgsbeach in turn, did not yield any model in
which the Q variable proved significant. However, ascukssed earlier in the paper, a
properly defined Q variable would measure the proifitg of housing development for

positive values only, and would be set to zero etiger. Given the difficulty in defining the

time periods in which residual values are positore negative, the modelling approach
adopted here is necessarily practical but suffers fimitations as a result.

5. SIMULATION RESULTS

Before summarising the results and providing casioly remarks, this paper now turns to a
simple simulation exercise. The primary motivatitor the paper was to consider the
endogenous nature of the price of land suitablehtorsing development. Recent studies of
housing construction in the UK have assumed thatrphg controls have a direct effect on
construction activity (see for example Bramley deishman, 2005; Leishman and Bramley,
2005), or have assumed that land prices or landadidy have little or no direct impact on
construction. Studies based on the U.S. experienu&ady suffer from poor availability of
adequate land price data as discussed earliee ipaper.

Work focused on housing supply and affordabilityEingland (Meen et al, 2005; Fingleton,
2008) and Scotland (Leishman et al, 2008) is cowmzkrprimarily with the question of
housing affordability in the context of the supply owner occupied housing. It seems
appropriate in this context to provide simulati@sults drawing together the models of land
prices and construction activity set out in thipgra

Tables 5 and 6 summarise the results. The simaléggins with an assumed 10% rise in the
stock of land with outline planning permission. Twaulated impact on construction activity
occurs when the rise in the stock of land with depealent potential reduces, ceterus paribus,
the price of land. This causes a rise in constwadcictivity.

Table5 Simulated impact on land values from an increase in land with planning
permission

‘ Region ‘ Land values (£000)
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2008 (after 10% risg 2012 (after 5 * 10%
in land with rises in land with Difference from
2008 (baseline) planning) planning) baseline (%)

North East 1,655 1,602 1,409 -14.88

North West 2,015 1,951 1,715 -14.88
Yorkshire &

Humberside 1,816 1,758 1,546 -14.88
East Midlands 1,926 1,864 1,639 -14.88
West Midlands 2,120 2,053 1,805 -14.88
East 2,878 2,787 2,450 -14.88
South West 2,454 2,376 2,089 -14.88
South East 3,810 3,690 3,243 -14.88
London 3,884 3,761 3,306 -14.88
Table6 Simulated impact on construction starts from an increase in land with

planning permission
Construction starts
Region 2008 (after 10% risg 2012 ({ifter 5*10% _
in land with rises in land with Difference from
2008 (baseline) planning) planning) baseline (%)

North East 7,646 7,903 8,008 4.74
North West 19,534 19,925 20,189 3.35
Yorkshire &

Humberside 14,548 15,040 15,239 4.75
East Midlands 14,682 14,696 14,890 1.42
West Midlands 16,039 16,195 16,409 2.31
East 17,491 17,908 18,145 3.74
South West 16,843 17,084 17,310 2.77
South East 24,035 24,225 24,546 2.12
London 13,246 14,610 14,804 11.76

The simulation predicts a 14.88% decrease in laaldeg per hectare resulting from five
successive 10% annual increases in the stock dfait outline planning permission (table
5). The results do not vary by region. However, tregigted impact on construction starts do
differ regionally. These are shown in table 6. Thepdn real housing land values leads to a
rise in construction starts ranging from 1.42% (Bdgllands) to 11.76% (London). The
predicted effect in London is significantly largdéran in any other region. In general, the
predicted impact on construction starts is mutedaathern regions (particularly the South
East, South West) compared with northern regions.

6. CONCLUSIONS

The overarching aim of this paper has been to iateghe economics of the land market and
implications of planning controls in a housing doustion modelling framework. Many
previous studies have either failed to include aatéhousing land prices, or have not found
this information to be significant to the determtioa of housing construction activity.
Ignoring land prices, or failing to explain theetdrmination adequately, omits an important
aspect of the planning, land and housing systemd lpices are at least partly determined
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through the bids that developers make for the atgpn of land. In turn, these are influenced
by developers’ expectations about key developmaniables including new-build housing
prices, construction costs and short-term inteagss.

The analysis presented in this paper suggeststheatagged stock of land with planning
permission for development is a partial determinzinthe current price of land suitable for
housing development. By establishing this indiled between the supply of land procured
by the planning system, the supply of land for hogisglevelopment and land prices, this
study contributes to our understanding of the plamnland and housing system. Unlike
recent studies that have assumed a direct impaptaohing on construction activity, this
paper has assumed the impacts to be intermedtataagh the land market.

The analysis of housing construction starts produglausible (negative) and statistically
significant coefficients for land prices. Togetheéhe regional land price and regional
construction starts models suggest that a redudtiothe stock of land with planning

permission gives rise to an increase in the pritdand. This feeds through to cause a
reduction in construction activity. However, althoutjiey are statistically significant, the

magnitude of these effects is small. This reinferiedings from earlier studies, particularly
those with a local or sub-regional focus, thatgaidicant stimulus to total construction output
in the housing sector would require a substantiaiease in the quantity of land brought
forward for housing development by the planning eyst

There are a number of areas in which the analyssepted in this paper could be developed
further. For example, the treatment of developexrpectations has been simplistic. The land
price model reported here assumes that developersoacerned with current or recent past
housing prices, construction costs and interestsraOther studies have suggested that
developers’ methods of forecasting the future patlkey development variables makes a
difference to housing market outcomes (see for @@nmAntwi & Henneberry, 1995;
Leishman et al, 1999; Tsoukis & Westaway, 1994).

In addition, the study period considered in thipgras relatively short: 1994-2007. To permit
the estimation of the models set out in this papepanel econometric approach has been
adopted. While there is evidence presented elsenthet housing construction may behave
like a national market, rather than a set of reglianarkets, this assumption has not been
tested directly in this paper.

Extending the modelling approach set out here tider sub-regional markets is a particular
challenge for future research. The results repddedegional level markets suggest that land
prices are an important part of the dynamics ofshwgl and construction markets. Yet,
reliable and appropriate data on housing land praze not available below regional level in
the UK. As several other studies have suggestedyiigm the endogeneity of land market
outcomes in models of housing prices and constmcctivity omits an important aspect of
the housing system, with the resultant risk of easling empirical results.
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Appendix - Variable sources and definitions

| Phn  Natural log of real new-build housing pricesurced from Communities and
Local Government live tables)

|_PI Natural log of real housing development lantiga expressed per hectare
(sourced from Communities and Local Governmenttisdes)

| c_si  Natural log of real construction cost indexitiplied by the short-term cost of
borrowing (3 month interbank rate)

|_occst Natural log of the owner occupied housinglsto
|_hhst  Natural log of the ratio of total househall®wner occupied housing stock

|_plsh/st Natural log of the regional stock of lamith planning permission, expressed as a
proportion of annual construction starts

st Natural log of private housing starts (sourcedthfiCommunities and Local
Government live tables / NHBC statistics)

ip/ic Ratio of the real new-build housing price exdo real construction cost index

dev_si  Deviation of the short-term cost of borrowfragm the study period mean
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