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Identification of house price bubblesusing user cost in a state space model

Hanxiong Zhang, Robert Hudson, Hugh Metcalf and Viktor Manahov

This paper studies how much variatiorhouse prices results frommon-fundamental factors. We
propose a relative valuation approach to quantifyibghdle in housing by incorporating the
housing User Cost into a State-Space model. We findhdwke prices were under-valued from
Januaryl 995 toMay 2001 and subsequently moved intouhble over the period t@®ctober
2012. Our results support the bounded rationality hypothesis in thedongoweverwe also
find thattheirrationaland the rational expectation hypoteesancoexistin the shorttunwhen

explosivebubbles are driven byprice dynamics.

JEL Classification: C51; G02; G12.



I. Introduction

Conventonal wisdom suggests that assumiagional expectations aride rational behaviour of
market participants, any asset should be priced basedfandénental value which is normally
defined as the summation of discounted futiagh inflows. A persistent and substantial
divergence betweemarket price and thefundamental value of an asset is evidence obabble.

In an efficient market, where the current agsate has fully, instantaneously and correctly
reflected all relevant information, there arebubbles. However, there are a number of papers in
the literature suggesting thaduse prices may contain dubble element(for exanple, Case and
Shiller (2003) for the US, Black et al. (2006) for the UK and Xiao and Tan (200HApng
Kong). From an academic perspective, it is interesting to investigate how muationan

house prices results frombubbles. From a practical pepgctive, the quantification diubbles in
house prices will make market participants aware of the size of their risk exposure arekbian
them to detect early signals of the possibility of a financial market ¢Reshhart and Rogoff,
2009). These signals drive investors to respond rationally and hdjsstprices toward their
fair value. Furthermore, poliemnakers can use information about the existence anafsize

bubblesin order to stabilize the market.

Black et al. (2006) find thantrinsic bubbles, which depend on the Bounded Rationality
Hypothesis, have an importamaie to play in determiningctualhouse prices in the UKover the
period from 1973Q4 through 2004Q3 by using a Vector Autoregression (VAR) based time-
varying risk present value model. Our paper considers if their result is suppprischdp a User
Cost Famework based State Space madwal in particular whether the bounded rationality

hypothesis describes the UK housing market in the short-



Regarding the study @fssefprice bubbles, the literature can be broadly classified into two
groups, namely, indirect bubble tests and direct bubble tests. The indirect buistdétéespt to
overcomehe econometric limitations of standard tests by implementing sophisticated
cointegration andnit root tests tgrice-dividend or analogouselationshig (Al-Anaswah and
Wilfling, 2011). The indirect bubble tediteratureincludesDiba and Grossman (1988), Evans
(1991) and McMillan (2007) and Phillips et al. (2011) for the stock market, Phillips and Yu
(2011)for US house prices andKivedal (2013)for UK house prices. One essential limitation of
the indirect bubble testsilsat they cannagenerate a time series of the bubble component. By
contrast, the direct bubble tests explicitly identify the deviation of assesgram the
determined fundamental values, and use the discrepancies to gereldie ime seriesThe
direct bubble tasincludesHimmelberg et al. (2005br theUS, Black et al. (2006jor the UK

and Xiao and Tan (2007) for Hong Kong. Given the fundamental value is typically inferred,
rather than direbt observed, the estimation bdibbles varies with respect to the selection of
datasets and model&Ss ourpaper aims to extract a bubble time series and investigate the path of

thebubble, the methodology of this paper follows the direct bubble tests.

Although many papers in the literature agree about the presehbglebtds in financial markets,
there are controversiedout the features oftabble. Under the Rational Expectation
Hypothesis, Abreu and Brunnermeier (2088juethat an assddubble can persist despite the
presence of rational arbitrageurationalbubbles occur wherasset prices continue to rise
because people believe thiaeywill be able to sell the overpriced asset at a higher price in the
future (Black et al., 2006, Diba and Grossman, 1988grefore rationd bubbles are associated
with explosive conditional expectationtdousing iteraturesupporting the rational expectation

hypothesis includsPhillips and Yu (201)1for theUS andXiao and Tan (2007) for Hong Kong.



Under the Bounded Rationality Expectation Hypothesis, Froot and Obstfeld (1991) suggest
intrinsic bubbles or bounded rational bubbles do not continuously gerge but periodically revert
toward theifundamental value and are statistically correlated with fundamental variafles
bounded rationality bubble captures the ideadbsst prices overreact to relevant information
aboutfundamentals. Empirical literature supporting the bounded rationadixypectation
hypothesis includes Black et al. (2006) the UK. Under the Irrational Expectation Hypothesis,
irrational bubbles, also namednomentum bubbles, are independent of fundamental values
(Black et al., 2006). An irrational bubble results from people being driven by price alone,
whereby people buy after price increases and sell after price de&pgsecal literature
supportingthe irrational expectation hypothesis ina@g€ase and Shiller (2003), Kivedal (2013)

for theUS, Brooks et al. (2001) and McMillan and Speight (20fbd)the UK.

The majority of theempiricalliterature has one major drawbadikusesstatistical tests tassess

the rationality othouse price bubbles over the whole of some predefined period. This means that
the rationality othouse pricesis regarakd as a staticondition. Howeverit is reasonable to
anticipatethatthe ationality ofhouse prices mayevolve over time due to varying underlying

market factors, such asgulatorytechnologicabndexpectatiorchanges.

We contribute to the literature in two respects. Firstly propose eelative valuatiorapproach

to quantifying aéubble in housing by incorporating the present value of housing Uséri@osa
State Space ModeThe idea is to spdiubbles as they emerge, not just after they have collapsed.
This approach bases the estimation of fundamental housing value on the usanwmsbfk

which takesmortgage rates, taxes, rent levels, expected capital gain and people’sisk premium

into account in a comprehensive assessment of all relaaats.Subsequently, the

unobservabléubble time series is estimated by taking advantages of a Kalman filter within a
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state space model. Our approach is a relative valuation approach which comtraests t
discounted cash flow valuation approach used in many previous studies such aBldck ef

al. (2006) and Xiao and Tan (200The key advantage of a relativauation approach,

especially when contrasted with the preseni@approach, is that house purchasees are not
necessarily the summation of discounted future values. Moreovelgtive valationapproach

is much more likely to reflegieople’s psychology and expectatighana discountectash flow
valuation approach in the shattn, since it is an attempt to measure relative and not intrinsic
value (Damodaran, 2002, p.949). The present value model also has the disadvantage of being

extremely sensitive to the quality of inputs, such as the estimate adistbant rate.

Secondly, our results favour the bounded ratibobbles in the long-run. However, therealso
evidence to support therational and rational bubbles cancoexistin theshortrun when

explosive bubbles are driven byprice dynamicsFurthermorethe rationality ohouse price

bubbles evolves over time. Our results suggest tleatgbe’s expetationsand economic

behaviour might be biased due to cognitive and psychw@bgnitations which, in turn, indicate
peoplemight act in anrrationalway in the short-run. However, people learn from their mistakes

and attempt to satisfice by acting as rationally as possilthe longrun.

The remainder of the paper is structured as follows. Selttourlines the methodology afsing
the User Cost Framework within a St&pace Model. Sectidhl gives a description of theath.

SectionlV reports tle empirical results and discussion. Section V concludes the paper.

II. Empirical Methodology

Given thathouse price p; is a combination diundamental element p{ (which is a function ofhe

fundamental price-rent ratio prtf andtherental r;), non-fundamental or bubble element b, and



modelmisspecification error &, (Wu, 1997, Xiao and Tan, 2008geequation (1)we propose
an approach to quantifyousing bubbles using a combination aharket indicatoand existing

econometric models, namely a User Cost framework within a State Space Model.

Pe = f(p[' b, &) = f(prtf, Tt by, Et) = .Blprtf + Bar: + B3b + & (1)

Throughout the paper, the lower case letters represent the natural log of tt@nmuariables.

B1, B2 and p5 are therelevant elasticities3; = B, = B3 = 1 would be thespecial case of

equilibrium.In equation (1), théundamental house price-rent ratio prtf and thebubble b, are

not directly observable. As the first step, this paper uses the user cost frarteeestimate the

fundamental house price-rent ratio prtf . As a second step it usadinear state space model to

estimate the nobservabldubble time seried;.

The user cost step
The user cost of ownership and the imphaalamental price-rent ratio is the most complete
framework to assess whéome prices are misalignedFinicelli, 2007) out of those irfné simple

market indicators

The user cost framework suggests that people should be indiffereeebatenting and
purchasing, given the same cost and housing attribidtesi{elberg et al., @)5). The user cost

of holding a house, in percentage terms, is the sum of six components, as shown in equation (2).
UCt:Rz-n‘l'PTt+MCt+RPt_MTt(Rgn‘l'PTt)_CGt_l_l (2)

RI™ is themortgage rate, PT; is theproperty tax rate, MC; is thedepreciation rate of the
property or its maintenance cost, RP; is therisk premiumreflecting the larger uncertainty of

purchasing relative to rentin!T; is themarginal tax rate for the house buyer. Avominal



mortgage payments andproperty taxes are tax deductible in many tax regimes, they often
provide an offsetting benefit to the home owrii#t, . ; is theexpected capital gain from owning

the house for one year.

In the equilibrium condition, the annuadst of owning a house should equal the average

correspondingnarket rent, see equation §3
— pf
R, =P/ x UC,
R; is actualmarket rent, Ptf is thefundamental housing price. Equation (3 implies the
fundamental house price-rent ratio is the inverse ofiser cost, sayPtf /R = 1/UC,.

As a second stephis paper incorporates the user cost basmthmental house price-rent ratio

into the state space model.

The state space model step

A state space model consists of two equations: a measurement equation and aasiateTdte

3)

measurement equatidfustrates the relation between observed variables and unobserved state

variables. The state equation illustrates the dynamics of the unobservedstdties, normally

in the form of a VAR(1) in the state vector.

Once a model has been expressed iata space form, some important algorithms can be

applied the Kalman filter being centralhe Kalman filter is a recursive procedure for estimating

the optimal estimator of the state vector at tin®ased on the information available at time
The Kalman filter assures the @sétion of the state vector é®ntinually updated as new

information becomes available. When the disturbance and the initial state w#oteraf normal



distribution, the likelihood function can be accurately calculated via what is knathe as

‘prediction error decomposition’ (Hamilton, 1994, chapter 13).

Based on the existing literatuf@/u, 1997, Xiao and Tan, 200&hd eqation (1), this paper

defines the following state space model.

Measurement equation:

e = clprtf +c,1 + by + €4 (4)
p; is the loghouse price, prtf is the logfundamental price-rent ratio which is calculated as

log(1/UC,), 1y is the logrent, andb, is the level of anypubblein log scale.
State equation:
by = c3bt_1 + €; (5)

Where,c;, ¢, andc; are therelevant elasticitiess; ande, are theerror terms for the

measurement and state equatiens' NID (0, dZ,), e,~NID(0,0Z), E(€1,€3) = 0, E(€4,bg) =

0 andE (€5, by) = 0. by is the initial state vectorx,f1 andag2 are the variances of the error terms
for the measurement and state equatibogguarantee nonnegative variance estimates, variances
are defined as exponential functiorigh®e €, ande,. Whenc; > 1, the deviation from

fundamental valué; has an explosive path and this would support the rational bubble

hypothesis (Phillips et al., 2011).

. !
The state space model has five unknown paraméitess(c;, c,, c3, 62,02,) . ¥ are termed as

hyperparameters and are estimated by Maximum Likelihood Estimation (Mitig) the

Marquardt algorithm, in this paper.



Basically, one cannot determine the scale of the state variable, putting tih@esdedf state
variableb, equas to 1 is one way to achieve scaling. It is not possible to both estimate a
coefficient forb, and thevarianceof €, because they play effectively the same role of scaling the

unobserved stationary componént

There are no constants in equation (4) and equation (5), thiatthe expected value dbusng

will be zero when théundamental value andbubble arebothzera The rationale for using an

AR(1) for thebubble process is based on the assumption that people will naively extrapolate the
most recent price deviation level into the next period (Wu, 1997)sfHbe space model step
simplifies the model building process relativeNo (1997) and Black et al. (2006hile

maintaining the advantages of a state space model. Unlike regular time seessioeg, the
stationarity of a time series is not required in a state space f@maimandeur and Koopman,

2007, p.134).

Both Wu (1997) and Xiao and Tan (20@fesume théubbleis rational and use the first log
differenced variables in their measurement equations, therefore, they estiamgjescinbubble

size rather than the level biibble. Consequentlytheyare unable to make an absolute statement
about the proportion djubble in each price indegXiao and Tan, 2007). Furthermore, Xiao and
Tan (2007)reat the modedpecification error as the state variable and then estimate the house

pricebubble as the residual of the measuremeiation

Theoretically, any factor that is not in the pricing model will contribute teyeefication
errors of that model. Thus thaubble component is agst of thespecification error. If the goal
of the model is to estimate a priogbble, one needs to decompose éheor term into two parts,

namely, thebubble component and the remainingn-bubble specification error component



(Wu, 1997, Xiao and Tan, 2007). Unfortunately, from a purely statistical point of view, there is
no way to do this. Therefore, it is necessary to make an assumption, based on econong intuiti
about the distribution of theubble component andon-bubble specification error component.

In contrast taXiao and Tan(2007) we treat thdubble as a state variablehich follows an AR(1)
processin addition,thenon bubble specification error of a welldefined linear state space model

should be aniid. proces{yCommandeur and Koopman, 2007, p.134).

The state space model with user cost framework suffers from some potentlahcka.For
instancethe modehssumes thbubble follows a linear Gaussian procesisthe natural log of
bubble is a non-linear, noaussian process, the particle filter instead of the Kalman filter

appears more suitablarulampalam et al., 2002T.his refinements left for future research.

[11. Data Description

The data included in this study are thi€ Halifax House Price Index (HPI), aHouse Rent Index
(HRI) which is derived from th&JK Retail Price Index component of rents for housing, and the
compositemortgage rate of banks and building societies from the Bank of England. The
montHy UK time series data are all collected from DataStream with a time span fromydanuar
1995 toOctober2013.The start and end dates are determimethe availability of data fahe
monthlycomposite mortgage rat€his paper setd PI = HRI = 100 in November 2003.
Because¢he annuatapital gain at any point is calculated as the price appreciation over #te ne
12 monthsywe estimate the equatiofi®m January 199%0 October2012, except where

specifically mentioned

TheHalifax HPI is the UK’s longest running monthly house price series with data covering the

whole countryTheHalifax HPI is calculated usingedonic regression, using mortgage
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completion data from thedfifax which is the largest UK mortgage provider. Black et al. (2006)
use theNationwide HPI covers quarterly periods from 1973Q4 through 2004Q3 whialsas
calculated using hedonic regression, Umihg data from the Nationwide Buitd) Society’s
mortgage lendingOur dataset is comparableBtack et al. (2006) but extends the study to a
recent samle and provides greatenumber of observations, whichllwenhance the power of

any statistical tests employed.

Black et al. (2006yeflate all the nominal variables by tRetail Price Index (all items) thus
providing prices in real terms. In this paper, however, all the variables moeinal terms for
two reasons. Firstly, ‘there is a great deal of confusion about the roleatfonfexpectations in
the demand for housing’ (Schwab, 1983pme argue that th®minal interest rate and

inflation aremajor determinastof the demand for housing (Poterba, 1984). Others suggest
inflation expectations are independent of the demand for housing; and that only deflated
variables are relevaffrcelus and Meltzer, 1973). Schwab (1982) suggésisthe truth lies
somewhere between these two extremgrefore, it is interesting to study whether the linkages
betweerhouse prices and its determinants cére replicated in nominal termSecondly, the bulk
of people whemecidingbetween owning and renting tend to compare the cost of holding a
home and renting a home per year in nominal instead of real terms (Brunnermeidhiant] J
2008). Akerlof and Shiller (2010, p41) suggest people often fail to exthedsffect ofinflation

on their investments.

Insert Fig. 1Here
Fig. 1 plots théHouse Price Index against théHdouse Rent Index in natural log scale. Given the
paper uses index data based at 100 in November 2003 tolmuaseyprice andrent, it is not

surprising to see the figure Biibuse Rent Index is relatively close to the figure of tlitouse
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Price Index, even wherhouse prices are significantly overvaluedkig. 1 suggests that the UK
house prices dramaticallyboormed fromJanuary 1995 to June 208i@dsubsequently moved into
arecessiorover the period to October 201y contrast, UKrentals slowly but steady
increasedrom January 1995 to October 2012:eDthe full sample the correlatibetween the
two variabless 0.91, while for the sub-period November 2003 through October 2012, the
correlation coefficients almostO whichimplies that house prices could hemporally

independent of rentals.

Regarding the calculation ager cost, we follow the standard in the user cost literature in
presuming thathe maintenance anddeprecation rate MC; = 2% per year(Finicelli, 2007,

Girouard et al., 2006, Himmelberg et al., 200B6)accordance with the UK Mortgage Interest
Relief at Source (MIRAS) schemeaver some historic periods, a borrower has paid the lengler th
interest less the tax reliefhe rate of relief was 20% for 199495, from 19986 to 1997-98 it
was 15% and for 1998-99 and 1999-2000 it was 10%. The relief on mortgage interest
repayments was removed on 6 April 2000. Accordingly we set thendtinal tax rate MT; =

20% from April 1994 to March 1995V T, = 15% from April 1995 to March 1998VT, = 10%
from April 1998 to March 2000, andT; = 0 thereafter. We excluda operty tax and setPT; =

0 for two reasons. Firstly, property tax payment is not deductible frorm@c¢ax under the UK

tax systemSecondly, in the UK, the tenant rather than the landlord is responsible for paying the
property tax. As property tax is usually not included in the remt,operty tax should also be

removed from the&iser cost.

In theliterature, thesxpected capital gain CG, is often proxied by the pastperiod moving
average of th€onsumer Price Index (CPI) and/ottheforward looking longrun CPI (Finicelli,

2007,Himmelberg et al., 2005However, there are several issues with these prdrigally, in
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the UK, te calculation of CPI does not consitieuse prices due to houses being regarded as
investment goods rather than consumption goods (Gooding, 2013). Secondly, usmggvenst
moving averages to proxaxpected capital gainsimposes a very naive and restrictive view of the

way individuals form their expectations.

Unlike previous papers in the literature, this paper usesxtpest realized annudhouse price

return to proxy theex ante expected annuahpital gain, CG;, .

Ppyq—P,
CGiyq = % (6)

The rationale is that if people are rational when forming ttagiital gain expectations, the
expectation error should be independent and normally distributed with a mean of zerage aver
over time An approach incorporatingipe rational expectatias difficult to implementn

reality, howeverit is reasonable to estimatesthistoricalequilibrium house prices from ax

post rational perspective. The unbiased anmMpécted capital gain at any point ighe price
appreciation over the next year so we eliminate problems of biased exqeckgticonstruction.
The unbiase@xpected capital gain also captures the effect of many unobservairidamental

factors, such as supply restrictions and regulations.

In line with the rationaleised forthe expected capital gain CG;., therisk premium of owning a
house relative to reéimg RP;, is calculated as thex post annualhouse price return minusex post

annualrental changes.

Rt+1—R Pt4q1—P, Rt+1—R
RPt — CGt+1 _ t+1 t — t+1 t_ t+1 t (7)
Rt Pt Rt

McCulley (2008) argues that liquidity is not measured properly by the traditmonetary
aggregate, but by people’s state of mind, in particular their ‘apgetirisk’. Therefore, the
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dynamicrisk premium RP; would capture market liquiditydowever, this method is redundant
when estimating the perfecdpital gain andrisk premium beyond the end period of the sample

data, as it assumes investorsexpost rational.

Fig. 2 plots thdundamental price-rent ratio Ptf/Rt, which is the inverse of theser cost time
series.Thefundamental house price-rent ratio ranges fronl3 to 40.66vith a mean 0£20.8 and
standard deviation of 6.1Ih Fig. 2 the graph shows a dramatic fall right at the start of 1995
becaus®f the cutin themarginal tax rate and the sharp increasetbé&risk premium and

expected capital gain. Driven by the lowmortgage rates and highexpected capital gain, the ratio
rebounded sharply from the local bottom of 1B/iay 2002 to a peak of 40.68/ December

2011. The implied fundamental price for investors to buy a house on average is apphpximate

20.8times the markatent between 1995 and 20, ceteris paribus.

InsertFig. 2 Here
Table 1 presents the preliminary statistics abouhdiaee price (HPI), rent (HRI) and
fundamental price-rent ratio using natural logs. An augmentedkey-Fuller (ADF) unit root
test showshat the three variables are rstiationary in levels at th@onventionabignificance
levels. However, the three variables are all stationary at the 5% significance |levéhkiiig
first difference. The Johanseanaximum eigenvalugest shows thdtouse price p;, rent r; and
thefundamental price-rent ratio pr; are cointegrated at tl846 significance levelneaning that
house prices have dong-un stable relationship with thiendamental variables. Thereby,
speculative or market shocksay drive house prices away from market fur@mentals in the
shortyun but fundamentalwill eventually drivethe house prices to converge to thequilibrium

in the long-run.

14



InsertTablel Here

V. Empirical Resultsand Discussion

The estimation of bubbles

Table 2 displays the empirical resulifsthe state space model, equations (4) throughA({bt he

three coefficients,, ¢, andc; are statistically significardifferent from Oat the 1% level

According to the authet calculation, the statistical significance for the hypothests 1 can be
rejected at the 1% significance level but iypothesis, = 1 cannot be rejected at the
conventional significance levelherefore, iwill be somewhat problematic to sgt=c, = 1 in
equation (4). ArADF unit root test showdhat thedeviation b, is nonstationary in levels but
stationary after first differemag at thel% significance leved. In Table 2,lte diagnostic tests
concerning the residuals of the State Space model suggest that the ressedndbepandent,
homoscedastic and normadistribued Therefore, the assumptions for the state space model are

fulfilled (Commandeur and Koopman, 2007, p.90).

InsertTable 2 Here

Fig. 3 plots thedeviations from fundamental value b;,. When the price-deviation is above 0 this
indicates the price is above its fundamental valuevesedzersa. From Fig 3,the UK house
prices are undervalued from January 1995 to May 2001 and subsequently move into being
overvalied over the period to October 201hddeviations from fundamental value b, range
from -22% in January 1995 to 64% in August 2@@hchis indeed a quite substantial rangé.
by the Subprime Crisis, thdeviation b, sharply decreased 83% by April 2009; recovered to

39% in April 2010; andlecreased t@7%% by October2012. Given that thprice deviations from

15



fundamental value b, are substantiandpersistentthe figures indicatéhatb, reflects aoubble

process

The findings ofFig. 3arebroady consistent with the existindK housing literatureHowever,
our approach is much more comprehensiverahadblethan the simpl@rice-income ratio and
price-rent ratio as ittakesmortgage rates, taxes, rent levels,expected capital gain and people’s
risk premiuminto account in a comprehensive assessment of all relevant f@@tmsard et al.,
2006,Himmelberg et al., 2005Compareo the findingsof the price-income ratio andprice-rent
ratio in Girouard et al. (2006), the sizedaviations from fundamental b, in Fig. 3are much
more modest. Furthermore, our approach simplifies the model building procéss whi
maintainingthe advantages of a state space maddlshowsompatibleempirical findings with

those of Black et al. (2006).

InsertFig. 3Here
Following Phillips et al. (2011), the recursive RBtatistics for théog houseprice p, and log
rentr, are plotted in Fig. 4o investigate whether thwibbles b, are explosive rational bubbles or

not. For each variable, we estimate the follow&gF testspecification:
Xe =@+ 6xp_q + Yooy Bibxe—; + &, &~NID(0,0?) (8)

The null hypothesis i): § = 1 and the rightailed alternative hypothesisig: § > 1. In

forward recursive regressions, equation (8) is estimated repeatedly, usiets siltlse sample

data incrementedytone observation at each pass. The first sample period is from January 1995
to December 1997.he optimal lag length is determined using thedopn procedure as in

Phillips et al. (2011)The more the ADF statistics exceed the igtlited ADF critical value, the

16



stronger the support for explosive behavibhouse prices are more explosive thaentals then

it can be concluded thaeational bubbles are presenfPhillips et al., 2011).

It is evident fom Fig 4 thattherental r; is always non-explosivélowever, thehouse price p;

is explosivebetween Octobel999 and April 2008, supporting tbeidence ofational bubbles

in the UKhouse prices prior to the Subprime Crisi3he ADF statistics fothebubble b; is

highly consistent with those dbuse price. The presence aftional bubbles suggests some non-
fundamentafactorssuch agpeoples’ biased forward looking expectatigriayedanimportant
rolein driving UK house prices fro®ctober1999 toApril 2008. The findings dFig. 4 are
roughly consistent with Phillips and Yu (2Q%ar US house prices but contrast td@lack et al.

(2006)for the UK.

Insert kg. 4 Here

What drives house price bubbles to evolve over time?

Froot and Obstfeld (1991) suggésatthe deviations of prices from fundamental values b, can

be interpreted by ndinear deterministic functions of tHendamentals of assévalue alone.
When this is true, then, the deviations of prices from fundamental valuiedrargc bubbles.
Intrinsic bubbles depend on the hypothesis of bounded rationality anefdélfing expectations.
Intrinsic bubbles do not continuously diverge but periodically revert toward tiuedamental
value. The bounded rationality hypothesis argues that people form expectatiorskand m
decisions to help them satidicather than make theoretically optimal decisions. Therefore,
people make mistakes in tebortrun, but learnfrom their mistakes in the loagin. The
bounded rationalityrypothesis essentially imps¢hatthere is cointegration or long-run

equilibrium betweerundamental factors andhouse pice bubbles. Moreover,intrinsic bubbles
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will be morehighly correlated witifundamental factors than withprices themselvegBlack et al.,

2006), meaning that the dominant driving forcturglamentals rather tharprice dynamics

When thebubbles are not significantly relateid fundamental variables but tolaggedprice
dynamics then,the bubbles aremomentum bubbles and reflecthe backward lookingrational
expectation hypothesi¥he irrational expectation hypothesis suggestspeaple buy after price
increases and sell after price fg&ase and Shiller, 2003, Shiller, 1990). Alhashimi and Dwyer
(2004) suggest that people buy homes infrequently, with a tiny proportion of housattolds

at any one time. Thus changes in the behaviour of a few people could, regionally haleast
substantial influences aggregatdouse prices. Kogan et al. (2006) demonstrate that long-run
survival and asset price impact are two independent concepts. Irrational peopie/iva@nand

even donmmate rational people at least temporarily.

In an attempt to distinguish eten the competingounded raonality andirrationality
hypothesesTable3 exhibis theJohansen cointegratigdestsfor bubbles andthe relevant
variables Cointegration is superior to correlation in termsesealinglong+un dynamic causal
relationshipsetween variablegHamilton, 1994, chapter 19rom Table3, bubbles b, and
house prices p; arenot cointegrated ahe conventionakignificance leved However bubbles b,
fundamental price-rent ratios prtf andrentsr; are cointegrated at tf846 significance level
Table3 implies thathere is no long-run equilibrium between house poidgbles andprice
dynamics. However, there exists a stahfpamic relationship betwedibbles and
fundamentals in the longrun. Thereby, Tabl& supports the bounded rationality expectation

hypothesis in the long4n, which is consistent with Black et al. (2006).

Insert Table3 Here
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In order to highlightheshortrun dynamic characteristics of houggce bubbles given the long-
run cointegration (equilibrium) relationshiywerunanError Corretion Model (ECM) ashown

in equation (3.
Ab, = a + B1Ar + ﬁzAprtf + f3cointeq;_4 + & 9)

WhereAb; is thechange in house price bubbles, Ar; is thechangein rent, Aprtf is thechangein

the fundamental price-rent ratio, cointeq;_, is the first laggeaointegration termgeneratedor

the bubbleb,, the fundamental prieceent ratio prtf and the House Rent Indexover the full
sample In equation (B B; andp, capturetheshortrun effecs o fundamental factors on house
pricebubbles. f; measureshe speed of error correction at whialbbles adjust to the
equilibrium state after an overreaction to fundameniatsn Table4, the coefficienbnthe
changesinrent S, is statistically significant aa 10% significance levelThus thechange in rent
Ar; hasstatisticallyweakshortrun effects onthe changes in house price bubbles Ab,, ceteris

paribus. The coefficientfor the changesin fundamental price-rent ratio g, is statistically

insignificant which challenges the hypothethsitfundamental price-rent ratio prtf has
significantshort-run effects on changes in bubbfgsis statistically significant and negative,
suggesting that deviation from equilibrium are correcteteatate ofabout 0.76% per month.
As a comparison, Tablealsoshows the results of regressthg changes in bubbles Ab; against

the laggedthangesin house prices Ap;_,, see equation (10).
Abt =a+ ﬁApt_l + St (10)

Insert Table 4 Here
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The coefficient on the laggesthanges in house pricesis 0.3046and statistically significant at the
1% significance level, suggesting tli&6 changes in house prices could drive subsequent house
prices bubbles change by 0.3%in theshortrun. Thus he changesin bubbles arehighly

correlated withprice dynamics rather thainndamentals, suggesting that the dominant driving
force inbubbles is people’s overreactiaim house price moveents rather thafundamentals.
Thereby, Tabld seems tsupport the irrational expectation hypothesis in the slioriwhich

appears to contrast with Black et al. (2006).

We check the robustness of the irrational expectation hypothesis in thewshoytrunninga
recursiveOLS regression of equation (10)hefirst samplas from January 1995 to December
1997.1t is evident from Fig. Shat he coefficiens for the laggedhangesin house prices are
statistically significant between May 2003 and October 2012 wailitresrangng from 0.21 to
0.38, whichare consistent with Table 4 asdpports the irrational expectation hypothesis in the

short+un.

In contrast to the majority of housing literatuoeyr findings so fasuggesthatthe rationality of
the house prices mayevolve over time. In the shantin, non-fundamental factors, in particular,
people’sexpectatios of large price increasesighthave a amplificationimpact on demand if
peopleoveract tdundamentals andbelievethathouse price increass will continue This
feedback process#riveshouse pricesto go up even in an explosiveay for a while Rational and
irrational bubbles could coexists (e.g. in the period from May 2003 to April 2008 in the UK),
when the explosionf bubbles are driven byprice dynamics When people perceive thatices
cannot go upprices could then fall as a result of diminished demandbtlisble bursts Case

and Shiller, 2003). In the longm, the coordination of rational peopldeves house pricesto

converge to theifundamentals.
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InsertFig. 5Here

V. Conclusions

This paper studies how much variatiorhouse prices results frormon-fundamental factors by
guantifying the size dfiousing bubbles. The paper contributes to the literature both
methodologically and empiricallyJsing a user cost framework within a state space model has
clear methodological advantagyés afirst step, thdundamental house price-rent ratio is

calculated using thaser cost framework which has the benefit compared to many prior papers of
incorporating althe relevant variablesffecting house priceindamentals. In the second step,

the method can advantageously estimate the level diidofye by incorporating the

fundamental price-rent ratio into a state space model by taking advantage of a Kalman filter.

Our empirical results indicate that UHéuse prices wereundervalued from January 1995 to May
2001 and subsequently moved intoulble over the period to October 2012. As a proportain,
house price the bubble rangel from -22% to 64% in log scale, which is indeed a quite substantial
range. The magnitude of thiange indicates that ampodédling of house prices without the
consideratiorof abubble element, or theon-fundamental components, will be somewhat

problematic.

From a theoretical viewpoint our results favour the bounded rationality hypothéseslong-

run. However, the results provide a strong evidence to supparbéxastence ofational and the
irrational expectation hypothesisthe short-run. Furthermore, in contrast to the majority of the
existing literaturethe results show that the rationality of house gidibles evolvesover time.

Our empirical findingsuggest that people’s expectations and economic behamahrsbe

biased due to cognitive and psychology limitations which, in turn, indicate the magketfo@
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inefficientat least temporarilyHowever, people learn from their mistakes and attempt to

satisfice by acting as rationally as possibléhe longrun.

From a practical perspective, the quantificatiobudbles in house prices can make market
participants aware of the size of their risk exposure and can help them toedelestgnals of

the possibiliy of a financial market craskor financial institutions, periodically assessing the
state of the housing miaeat, rational diversification and timely rebalancing of portfolios may help
them prevent lossesmilarto those suffered in the Subprime Crisis. Signals regarding a bubble
may drive investors to respond rationally and adjosse prices toward their faivalue.
Furthermore, policy-makers can use information about the existence aodllsibbles in order

set policies to stabilize the market.

There are several avenues for future research in thisTdreanethod can be applied to other
markets and time periodséoompared to other approaches. Detailed consideration of the
various components of the user cost can also give a guide to the relative infofetiffesent
factors on house prices anetize of any bubble component. This understanding is potentially

very useful for policy formation.

22



References
ABREU, D. & BRUNNERMEIER, M. K. 2003. Bubbles and crashesonometrica, 71, 173-

204.

AHKING, F. W. 2002. Model mispecificaion and Johansen's -amtegration analysis: an

application to the US money demaddurnal of Macroeconomics, 24, 51-66.

AKERLOF, G. A. & SHILLER, R. J. 2010Animal Spirits: How Human Psychology Drives the
Economy, and Why It Matters for Global Capitalism (New in Paper), Princeton

University Press.

AL-ANASWAH, N. & WILFLING, B. 2011. Identification of speculative bubbles usingestat

space models with Markeswitching.Journal of Banking and Finance, 35, 1073-1086.

ALHASHIMI, H. & DWYER, W. 2004. Is there such an entity as a housing markeit?

Annual Pacific Rim Real Estate Conference. Bangkok.

ARCELUS, F. & MELTZER, A. H. 1973. The markets for housing and housing services.

Journal of Money, Credit and Banking, 5, 78-99.

ARULAMPALAM, M. S., MASKELL, S., GORDON, N. & CLAPP, T. 2002. A tutorial on
Particle Filters for online nonlinear/ngpaussian Bayesian trackinggnal Processing,

|EEE Transaction, 50, 174 - 188.

23



BARKOULAS, J. & BAUM, C. F. 1997. A reexamination of thdragility of evidence from
cointegrationbased tests of foreign exchange market efficiengyplied Financial

Economics, 7, 635-643.

BLACK, A., FRASER, P. & HOESLI, M. 2006. House prices, fundamentals and bubbles.

Journal of Business Finance and Accounting, 33, 1535-1555.

BRUNNERMEIER, M. K. & JULLIARD, C. 2008. Money illusion and housing frenzkesiew

of Financial Sudies, 21, 135-180.

CASE, K. E. & SHILLER, R. J. 2003. Is there a bubble in the housing maBtetikings

Papers on Economic Activity, 34, 299-362.

COMMANDEUR, J. J. F. & KOOPMAN, S. J. 200An Introduction to State Space Time Series

Analysis, Oxford, Oxford University Press.

DAMODARAN, A. 2002. Investment Valuation: Tools and Techniques for Determining the

Value of Any Asset, Wiley.

DIBA, B. T. & GROSSMAN, H. |. 1988. Explosive rational bubbles in stock priCHs®

American Economic Review, 78, 520-530.

ENDERS, W. 2010Applied Econometric Time-Series, New York, John Wiley and Sons.

24



EVANS, G. W. 1991. Pitfalls in testing for explosive bulsbla asset pricesThe American

Economic Review, 81, 922-930.

FINICELLI, A. 2007. House Price Developments and Fundamentals in the United States

FROOT, K. A. & OBSTFELD, M. 1991. Intrinsic bubbles: The case of stock prifes.

American Economic Review, 81, 1189-1214.

GIROUARD, N., KENNEDY, M., VAN DEN NOORD, P. & ANDRE, C. 2006. Recent house
price developments: The role of fundamentals. OECD Economics Department Working

Papers No. 475.

GOODING, P. 2013. Consumer Prices Index and Retail Prices Index: The 2013 Bdsketsf

and Services. Office for National Statistics.

HAMILTON, J. D. A. 1994.The Time Series Analysis, Princeton University Press.

HIMMELBERG, C., MAYER, C. & SINAI, T. 2005. Assessing high house prices: Buhble

fundamentals and misperceptiodsurnal of Economic Perspectives, 19, 67-92.

KIVEDAL, B. K. 2013. Testing for rational bubbles in the US housing mardairnal of

Macroeconomics, 38, Part B369-381.

KOGAN, L., ROSS, S. A., WANG, J. & WESTERFIELD, M. M. 2006. The price impact and

survival of irrational traderd’he Journal of Finance, 61, 195-229.

25



MCCULLEY, P. A. 2008. The liquidity conundrunCFA Institute Conference Proceedings

Quarterly, 25, 1-4.

MCMILLAN, D. G. 2007. Bubbles in the dividergrice ratio? Evidence from an asymnetr

exponential smooth-transition modaburnal of Banking and Finance, 31, 787-804.

MCMILLAN, D. G. & SPEIGHT, A. 2010. Bubbles in UK house prices: evidence from ESTR

models.International Review of Applied Economics, 24, 437-452.

PHILLIPS, P. C. B.,, WU, Y. & YU, J. 2011. Explosive behavior in the 1990s NASDAQ: When

did exuberance escalate asset vallieEPnational Economic Review, 52, 201-226.

PHILLIPS, P. C. B. & YU, J. 2011. Dating the timeline of financial bubbles during the subprime

crisis. Quantitative Economics, 2, 455-491.

POTERBA, J. M. 1984. Tax subsidies to owonecupied housing: An assetarket approach.

The Quarterly Journal of Economics, 99, 729-752.

REINHART, C. M. & ROGOFF, K. S. 2009. The aftermath of financial crigeserican

Economic Review, 99, 466-72.

SCHWAB, R. M. 1982. Inflation expectations and the demand for houSimg.American

Economic Review, 72, 143-153.

26



SHILLER, R. J. 1990. Market volatility and investor behavidre American Economic Review,

80, 58-62.

WU, Y. 1997. Rational bubbles in the stock market: Accounting for the US ptamekvolatility.

Economic Inquiry, 35, 309-319.

XIAO, Q. & TAN, G. K. R. 2007. Signal extraction with Kalman filter: A studfythe Hong

Kong property price bubbleslrban Sudies, 44, 865-888.

27



TABLES

Table 1 Descriptive Statistics

House Price Indep, House Rent Index; FE. Price/Rent Ratipr{

No. of Observations 214 214 214
Mean 4.4274 46110 2.9989
Median 4.6054 4.6054 2.9433
Maximum 4.9631 4.8551 3.7053
Minimum 3.7645 4.3142 2.5657
Standard Deviation 0.4057 0.1448 0.2571
ADF test -0.0456 -0.9607 -1.8733
Johansen Test 22.436**

(21.132)

Notes: F.Price/Renttio prtfiS the fundamental priceent ratio. FoAugmented Dickey-uller
(ADF) tests, the values are statistithe Johansen maximum eigenvalue test tests the null
hypothesis that there is no cointegration against the alternative that there is @enos
cointegrating vector. The figure in parenthesis under the maximum eigestatigtc is the 5%

critical value. The Johansen maximum eigenvalue test applies to the Houded#xgg,

House Rent Index. and fundamental pricesnt ratiOthf. The ADF testing procedufellows

Enders (2010). The Johansen test inetaddrift but no linear deterministic the VECMfor the
purpose of enhancing temporal stability (Barkoulas and Baum, 1997, Ahking, 2002). ** and ***
stand for statistical significance at th and 1% significance level, respectively. The lower
case letters represent the natural log of the underlying variables. Thel dgpdineagth for the

ADF test and Joha@en maximum eigenvalue test are determined by the Schwarz Information
Criterion (SIC). All the three variables are stationary after first difiezeat the 5% significance
level. Throughout the paper, the estimation sample ranges from January 1995 to Zid@per

except where specifically mentioned.
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Table 2 Maximum Likelihood Estimates of Hyper parameters

P: = clpr{ + 1y + by + € Equation (4)
b; = c3b;_1 + € Equation (5)
c1 cy C3 Oc, Oc, SIC
0.047*** 0.888*** 0.999*** 0.0000027 0.0147 -5.446
(0.015) (0.083) (0.004)

Diagnostic testing for the standardized prediction errors of the State Space M odel
Independencé&est Homoscedasticity Test Normality Test
(Box- Ljungstatistiq (BreuschPagarstatistiq (JarqueBerastatistiq
8.213 3.031 1.88

Notes:p; is the house price,, c, andc; are the coefficients on the fundamental prieet ratio
prtf, the House Rent Index and the deviation from fundamental vahjerespectively.

oc, ando,, are thestandard deviations efror terms fothe measurement and state equations
See Fig2 for the calculation of fundamental prioent ratio at the raw data lev&IC refers to
the Schwaranformation Criterion. Standard errors are in parenthésasd *** represent
statisticaly significarceat thel0% and 1%significancelevel, respectively. The lower case
letters represent the natural log of the underlying variables. This papehedéarquardt
algorithm to optimize the likelihood functioRollowingthe testing procedurd &nders (2010),
the ADF unit root test statistics for the deviation from fundamental vialund the differenced
deviation from fundamental valus, are-1.4352 and -4.3914, respectively. So, the deviation
from fundamental valug; is nonstationary in level but stationary after firgtedience.The null
hypothesis for th8ox-Ljung test is that the residuals are independent A0QThe null
hypothesis for the BreusdPagan test is that the residuals are homoscedaisgaull

hypothesis for the Jargugera test is that the residuéddlow a normal distribution.
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Table 3 Johansen Maximum Eigenvalue Cointegration Tests on Bubbles

Variables Maximum Eigenvalue Statistic
b:  pr/ T 23.4359%*
b, Dt 3.9705

Notes b; is the bubbleprtfisthe fundamental prieeent ratio.p; is the House Price Index.the
House Rent Index. The optimal lag length for the Johansen test is determihed3¥¢ The
Johansen test including a drift but no linear deterministic in the VEEkepresent sttistically

significarce at the5% level. The null hypothesis is no cointegration.
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Table 4 Regressions of Bubbles on Fundamentals and Price Dynamics

Ab; = a + B1Ar, + BZApr{ + B3cointeq;_1 + & Equation (9)
a P B2 B3 R?
0.0036*** -0.5477* -0.0113 -0.0076** 0.12
(0.0011) (0.3330) (0.0179) (0.0034) '
Ab, = a + fAp;_ 1 + & Equation (10)
a B R?
0.0009 0.3046***
(0.001) (0.0661) 020

Notes:Ab; is the change in housing price bubblas, is the change in renAprtf is the change

in fundamental price-rent ratiopinteq,_, is the first lagged cointegration term generdtad

the bubblé,, the fundamental priceent ratio prf and the House Rent Index o is constant,

B; is the corresponding coefficiemp,_; is the first lagged changes in house prices. ***
represent significareat 1% significance levebStandard errors are in parentheses. ** represent

significant at 5% level. * represent significant at 10% level.
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FIGURES

Figure1l House Pricelndex (Log) vs. House Rent Index (L og)
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Notes: HPI (Log) and HRI (Log) stand for the Halifax House Price Indd{#ouse Rent Index
in the natural log scale, respectively. The HRI is derived fronu&etail Pricelndex

component of rents for housing. This paper 88 = HRI = 100 in November 2003.
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Figure 2 Fundamental Price-Rent Ratio P{/Rt
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Notes:P/ /R, = 1/UC, = 1/(RI™ + PT, + MC, + RP, — MT,(R™ + PT,) — CG,,1). P/ /R;is

the Fundamental PridRent RatioUUC; is the User Cost of holding a house per ygdt.is the
composite mortgage rate from Bank of England. Property TaXfate 0, Maintenance Cost
MC; = 2%, Risk Premium for the larger uncertainty of purchgselative to rentin®P; is the
difference between the house price appreciation and rent appreciation ovVE2 nettths.

MT; = 20% from April 1994 to March 1995 T, = 15% from April 1995 to March 1998,

MT; = 10% from April 1998 to March 2000, anid T; = 0 thereafter. Expected Capital Gain
CG¢,, is proxied by the house price appreciation over next 12 months. The expected capital

gains from November 2012 to October 2013 are missing, as the paper assumes investors are

post rational.
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Figure 3 Deviation from Fundamental Value b,
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When the price-deviation is above 0 this indicates the price is above its fundamiertainch
vice versa.
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Figure 4 Recursive ADF Testsfor Rational Bubbles

Recursive ADF Statistics
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Notes:The figure plots theecursive values of the ADF ststits for the house price bubhbeg,
House Price Index (HP},, House Rent Index (HRH} against the 5% critical value for an
explosive alternativelrhe 5% critical value is frorRhillips et al. (2011), which is quite different
from thetypical Dickey-Fuller 5% critical valueThe first sample period is from January 1995 to
December 1997For each variable, we estimate the following ADF test specificatios: a +
8xi—1 + X1 Bibx._; + &, &~NID(0,0?) as Equation (8). The null hypothesiddig § = 1

and the rightailed alternative hypothesisig: § > 1.The optimal lag length is determined

using the top-down procedure as in Phillips et al. (2011).
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Figure5 Recursive Testing for Irrational Bubble Hypothesis
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Notes:Recursive regressiaf equation (10)Ab; = a + fAp;_, + &. Thefirst samples from
January 1995 to December 1997. The solid line repreg&eritee coefficien{3. The daskdline
represents the confidence interval for the coefficient at the 5% significaeteNetatistically
significant coefficient implies lagged changes in house pfipges; would drive the changes in

house price bubblesb,, which, in turn, support the irrational expectation hypothesis.
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