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The maﬂn.:@ of the Market for mim_m._umaﬂ_w Homes

By KarL E. CasB AND RoOSERT J. SHILLER®

The rearke! for single-family homes does nol Appear to be efficient. Year-fo-year
changes In prices tend 1o be followed by changes in the same direction i the
subsequent year. Moreover, informetion about real inferest rates does nof appear
to be incorporated in prices. There iz thus a profitable trading rule for hmauah...__..“_u‘ .
are free to time the purchase of their homes. Stifl, overafl individual housing price,

charges are nof pery forecastable.

mdnﬂmmma&amoﬂssmuwﬁﬁ&n
market for single-family homes cught 10 be
less efficient than are financial markets. The
markel is dominated by individuals trading
in the homes they live in. Because of iransac-
tions costs, carrying . COStS, and ax cem-

ciderations, professionals find. it relatively |

difficult 1o take advantage of profit opportu-

styyll markets” in housing (ie, lemporary
upward inertia in housing prices) are fre-
quently alleged. But it is hard to find scho!-
arly work confirming whether 1his is 30.

We have found surprisingly little in the
fiterature on the testing of the efficiency of
real estate. markets, A computer search
turmed up only three recent papers, by
George Gan (1984-83) and Peler Linneman
(1986). Gau describes his two papers as the
“first rigorous testing” of resl estate markel
efficiency.”* His data, however, wers con-
fined to0 commercial roal esiate and to the
Vancouver area for the years 1971-80. He

*[Depariment  of mnuuoﬂﬂu_ Welleskey nosﬂm.

Wellesley WA 02181, and Depattment of Eoonomics,.

Cowles Foundeticn, Yale University, Box 2125 Yele
Station, New Haven, CT 06520, respeclively. We' are
ﬂwﬁqasﬁmﬁﬂﬁnuiﬂnﬂnuazwﬁngr for
excelient research assistance. Arnold Kling and partici-
pants &t saminars at Brown University, Harvard Uni-
versity, aod Princelen University made helpful
comments. The research was supported by the Federal
Reserve Bank of Boston snd the Wationsl Science
mmﬁmpmon under great no. SESSTLI0HL TDrata wsed in
this paper (fles of multiple sales) will be made aveilable
on request. - e
1 George Gaw, 1984, p. 301

concluded that prices in the Vancouver mar-

yot were well described 28 8 random walk,
Linneman, who asserts that “ihere are 00
empirical studies of ‘the cfciency of the
housing market,”? did a study using ohserva-
tions on individual owner's assessments of
house value (rather than actual sales prices)
in Philadelphia for two poinis of time: 1575
and 1978. He found that houses that were
undervalued relative to 2 1975 hedonic re-

_ gression (i.e., thal had-negative residvals in 2

regression. of price o0 housing' charactens-
tics) tended to increase in walue suhse-
guently, but that ‘becanse of trapsactions
costs only an insignificant pumber of units
appear to present profitable arbitrage candi-
dates. Robert Engle, David Lilien, and Mark
Watson - (1985) estirzated a model of -the
resale housing market using data on. retail
house sales in San Diego for 197380, They
conchuded that much of the overall -move-
ment in housing prices in this period could
be explaired in terms of such. fagtors as
demographicaily driven changes- in-the. cost
of housing seriices, proposition 13, and (he
inflation-driven change in marginal tax rates.
But they did not invesligate directly whether
the market was efficient, S
This paper peciorms 1esis of she efficiency
of this market using data from the Society of
Teal Estate Appraisers’ tapes. for the years
1970 to- 1986 for Aflanta, Chicage, Dallas,
and San Francisco/Oakland; - see the Ap-
pendix. The tapes conlain actual sale prices
and other information about the homes.. We

2 peter Linneman, p. Mo
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extracted from the tapes for each city a file
of data on houses sold twics for which there
was no apparent quality change and for
which comventional morigages applied. For
each house the data we used consisted of the
two sales prices and the twoe dates (quartess)
in which the sales occurred. The total pum-
ber of cbservations on such double sales of
relatively unchanged homes was 39,210
(8,945 Atlania, 15,530 Chicago, 5,669 Dallas,
and 8,066 San Francisco). None of the other
siudies had aciual repeat sales price data on
individual homes at al, let aleme sach a large
rumbsr, and none of the stodies spanned the
time interval and geographical area of our
sludy. Morecver, the pressnt study presents
 some  statistical-methodological improve-
ments over the Gan siudies in ils effort Lo
test the random-walk theory for housing
"1 The WRS Index
In a companion paper we discuss our
method of price index construction, which
we call the Weighted Bepeated Sales (WRS)
rwethod. The method is a modification of the
regression method proposed by Manin T
Bailey, Richard Muth, and Hugh Nourse
{hersafter, BMN). The BMN method pro-
duces estimates and standard errors for an
index of housing prices by regressing, using
ordinary least squares, the change in log
paice of each house on a set of dummy
variables, one dumry for each time period
in the sample except for the first. Each value
of 1he log price index BMMN(1) is represented
by a regression coefficient, except for the
fizzt value of the log price index, which is set
10 zero-as a normalization. The dammy vari-
ables are zero-except that the dommy is +1
corresponding to the second time pericd
when the house was sold and that the dummy
is —1 corresponding to the Grst time period
when the house was sold {uonless this is the
first time pericd). Bailey et al. arpued (hat if
the log price changes of individual houses
differ from the citywide log price change by
an independent, identically distributed noise
term, then by the Gauss-Markoy theorem
their estimated index is (he best linear unbi-
ased estimate of the citywide log price.

MARCH 1934

“Our procedure differs from the BMN pro-
cedure becanse we feel thal the house-specific
component of the change in log price iz
probably not homoscedastic but thal the
variance of (his noise increases with the in-
terval between sales. The motivation for our
WRS method was the assumplion that the
log pricé P, of the fth house at fime ! is
given by .

:,.u ._Jq = ﬂ + ..m.:.‘+ __...__”_._.

where C, is the log of the citywide level of
housing prices at time £, K, is a Gavssian
random walk (where 4F,, has zero mean
and variance of) that is uncorrelated with
Cr and Hyi+ f for all T, and N, is mn
identically ~ distributed normal noise term

{which has zero miean and variance o) and

is uncorrelated with € and H - for all f
and T and with N unless i=f and 1 =T.
Here, H,, represents the drift in individual
housing value through time, and X, repre-
sents the neise in price due to imperfections
in the market for housing.® Presumably, the
value that a house brings whea it is sold

depends on such things as the random ar-

rival of interested purchasers, the behavior
of the rea! estate agent, and other random

factors, so that the sale price is ool identical -

to true value, Moreover, (here may be some
change in true vaive that-may be bonched at
the purchase date, S

A thres-step weighied (peneralized) least
squares procedure was undertaken. In the
first step, the BMN procedure was followed
exactly, and a vector of regression residuals
was calevlated. In the second step, the
squared residoals in the first step regression
were regressed on a constant and the time
interval between sales.' The constant term
was the estimate of of, end the slope
term was the estimate of of. In the thisd
step, & generalized least squares regression (a
weighted regression) was mun by first divid-

¥ Cary Webh bas u similas todel, except that oy = 0.
Becanse the errors in this regression are likely 1o be
larger for houses for which ime interval betwesn sales
__m larger, a weiphied repression was wsed, dommreipht-
ﬁﬁm observations corresponding 10 large 1ime inter-

FOL.IONG !

ing each observation in the step-Gne Tegres-
sion by the square root of the fitted value in
the second-stage Tegression and running the
regression again.

The eslimated WRS index WRS(7) and its -

accoracy are discussed in our companion
paper. The level of the index is quile well
measured, 1he quarterdy first difference of (he

index is not well measused, and (he annual *
difference of the index is fairly well mea- -

sured. One way of describing how well these
variables are measured is to compute the
ratio of the standard deviation of 2 variable
1o the average Standard error for that vac-
able. For the log index in levels, this ratio
is 13.87 for Aflanta, 24.52 for Chicago, .54
for Dallas, and 2803 for San Francisco-
Cakland. Thus, we can make very accurste
stalements about ihe levels of hovse prices in
the cities. For the quarterly difference of the
log indexes, the ratio is 1.64, 1,61, 1,33, and
1.54, respectively. We thus cennot accurately
describe the quarierly changes in the log
prices, though the index will give a rough
indicalion, For the annual difference of the
log index, the ratio is 2.73, 3.99, 190, and
3.62, tespeciively; we can make fairly accu-
rate statements about the annual change in
log housing prices. )

Other existing housing price indexes are

widely interpreted as showing even monthly
changes in housing prices. We argue in our
corapanion paper thsl these indexes {for
which no standard errors are provided} are
likely 10 be less accorale than ours.

IL Seasonality, Cify Infuence, aué Bets

Part A of Table 1 gives sample statistics
for W) =WRS{)—1a(CFL)). Wi is the
real WRS index in each city, deflaied by
the city-specific consumer price index. The
greowth in real price was less than 1 percent
per quarter for all cities, even San Francisco
where a real estale “boom™ took place. The
standard deviation in quarterly resl price
changes is less than 3 percent per quarter, or
on the order of a third of the slandard
deviation of gquarterly changes in compre-
hensive real stock price indexes.
~ Individual housing prices are like mamy
individual corporate stock prices in the large
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standard deviation of annual percentage
change, close to 15 percent a year for indi-
vidual housing prices. But housing prices in
our sample differ from stock prices in that
the individual prices are not so heavily in-
fluenced by the aggregate market price. When
1.year changes in real individual house prices

" are regressed on contemporaneous l-ysar

changes for the resl WES index, the R

. squared is only 0.066 for Atlanta, 0.138 for

Chicage, 0.121 for Dallas, and 0.270 for San
Francisco,

While second guarler price changes tend
to be high and third quarter changes low, the
difference is small, and only in Chicage is

" seasonality siatistically significant at the 5

percent level. The National Association of
Realtors” series an the median price of exist-
ing single-family homes appears 1o show
more proncunced seascnality; we argued
elsewhere that much of this may be due to
seazonality in the composition of houses sold
over the year {see Our comparion pPapes).
Still, the- NAR and WAR indexes do agres
that prices are highest midyear (the NAR
index tends to peak in July).

The beta (estimated for ¢ach of the cities
by regressing the quarlerly change in the log
nominzl WES index oo ihe corresponding
change in the log Standsrd & Poor's Com-
posite Index) is always virtually zero {Table
1, Part B). This confirms the resalis of Gau.

. Testing for Market Efficiency

One might think that we could test the
random-walk property of pricea by regress-
ing the change in the index on lagged changes
in the index. But there is a problem, the
noise in. the estimated index To see this
point, consider the very simple case where
we have two observations only on log hous-
ing prices. House A was sold in period (and
period 1, while house B was sold in period 0
and period 2. The estimated changes in the
log prite index (using either the original
BMMN or WRS procedure, since in this exam-
ple the number of cbservations equils the
number of coefficients} are, for period 1,
Pu—Pan=C— Gt Ha=Hyy+ Ny~ Ny,
and for period 2~{pg—piw)t(Pm—Pm)
= - O —{ g~ Myt Ny — Ny + Hy,
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TABLE 1—SUMMARY STATISTICS
A_ Quarterty Changes in Rual WRS Log Price Index: 7 = Wiz} - W(r—~1} i mE
‘ : _Dhnﬁa
Al Quarters Mean £ for Quarter Sorme Mean
Mean 2 q=l -~ fm2 - =3 1=4 F

s r - (et (rdal  {rslal] (d-anat) Prob.

Attania. 0000l —00013 00050  —D0043  DON 033 -
’ B L1 ] {—02040 (07654 (- 064613  ((OZRE} 0.85
Chicags QU 0008E 00071 —-0001% -0 332
) 00218 (L6456) {L3687) (—035T1) (-2157% . 042
Duflas 00050 C 00031 00114 00024 {11 1rk 3 43
00265 (sl (LFTEEY  {D3SE6) (417 - 09
San Fran, - 00092 - o) e 00004 00082 054

E 00154 (L50d0) (25821 (03621 (LB 051
B. Regresdon of Nominad WRS Index Changes oo Changes in Log Standard and

Poor Compasite Index: -~ - . .
WRS{}— WRS(r ~ 1) = o+ FLSP) = LMz - 1)+ 1)

- : - - Heodh o B mpu
City SEE @} (3] K
Atfanta ’ : RN 00L7? ={.022 . 0003

o 025 - (5.264) {—~0.454) — 013
. Chicage . 65 0T -0.014 0,002
. g {TA1R) {—0.39%) . - 0013
Dailax ) 65 0,023 =065 0026
: TemT {6698 {— L1890} 0010 -
San Fran. - ok 005 038 0005
. 028 {1.159) (643} -0

Note: WRS(Y) is the quanedty WRS index (in logs) described in the text, W] is
WES(e} defiated by the city-specific consurner price index averaged cver the quarter.
LSP{s) in the log of the Siandang & Poor's Composile Index, quarterly pverage of daily
prices. Sample is 1970-second quarter to 1984-second quearter (65 chasrvalicm), except
for San Francisco Where 1he data are 1570-second quartet 1o 1986 third quarier (66

ohiservations}.

— Hyy + Mgy — Npy The index change be-
tween O and 1 is negatively correlated with
the change between L and 2 becauss of com-
men werms sppearing with opposite signs.
_ There may also be positive serial correla-
tion of éstiraated changes in the log price
index. Suppose we have three houses in our
sample, bouss A was sold in pericds 1 and 3,
house B was sold in periods 0 and 2, and
house C was sold in pedods 0 and 3. The
estimated changes in the log price index
“{again, using either the original EMN pro-
cedure or the WRS procedurs with, the
full sample) are, for period 1, { pey — Peo)}~
{Py— Pq) and for period 3, (Poy — Peo) -
{ppy— Peg) These two estimated changes
will be positively correlated in our model

because house C appears with the same sign
in both expressions, while the specifie shocks
10 the other iwo houses are independent.
The threc-house example also makes clear
that thete may be serial corrglation between
nonconiignous price changes.

Gau's procedure for testing the efficiency
of the Vancouver commercial rezl estale
market involved building three price indices
{not repeat-sales indexes): sales price divided
by square footage, sales price divided by
gross income, and sales price divided by
number of suites. For each menth he chose a
single transaétion for his index. His method
of constrection.of a price series is likely to
induce the same spuricus serial correlation
in price changes. His conclusion thai his

VOL 7ONG. T

price index was approximately a random
walk night be spuricus.’

IV. A Simple Expedient for Dealing with
Estimation Exvor

We have seen that we cannol test effi-
ciency of the housing market by regressing
real changes in the WRS index onto lagged
changes, and testing for significance of the
coefficiénts, because the same noise in ind:-
vidual house sales contaminates both depen-
dent and independent variables. A simple
expedient for dealing with this problem is Lo
split the sample of individual houss sales
dala and estimate two WRS indexes, For
each city, houses were randomly allocated
between samples A and B, and log price
indexes WRS, and WERS; were estimaled
using the respective samples, Then efficiency
is tested by regressing changes in the real
log index W {¢)=WRS,(1)—In{CP:}} on

. lagged changes in the real index P{r)=
=" WRS(1)—1In{CPI{t)), where CFI{t} is the

consumer price index for the city for qoarter
¢t {quarterly average)® Bolk sides of the
equation are comlanunated by noise, but
since the same houses do not enter into the
indexes on the two sides of the eguation,
these noise terms will not be correlated. If
the slope coefficients are stalistically signifi-
cant, we can reject weak form efficiency.
Table 2 presents such regressions. For cach
city, we report first the regression of annual
change with real log index 4 on the contem-
poraneous annual change in real index B, as

It should be noted that a strength of Gaw's ap-
proach relative o curs is that he could research the
propeniies more thoroughly. He used detaled deserip.
tion of debt liens from provincial land title records, o
adjust for Roancing with below-marke1 interest rates
We did not have such information on the Society of
Real Bslate Appraisers’ (SREA) lapes. He also con-
trolled for olber quelity differences by his cheice of
__.H_m_vm&nm 1 ioclude.

Since quarterly data were used and price index
changes were measured over four quarters, ecror temms
in the regression are pet independent under the ran-
dom-walk pssumpiion, but fellow an MA-3 process, A
oethod of Lars Honcen and Roberl Hodrick was used
I3 correct the standard eerors of the ordinary least
squares cstimates.
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a diagnostic on our metheds. The coefficient
should be 1.00 if the indexes were measured
perfectly, but should tend to be less than one
for estimated indexes, due to the errors-in-
variables problem. Fortunately, the esi-
mated coefficients are never too far below
1,00, For each city, we then report the re-
gression of (he real annual change in the real
index for sample A on the 1-year-lagged real
annual change in the real index for sample
B, and then the same regression with sam-
ples A and B reversed, These coefficients are
always positive and sobstantial, and statisti-
cally significant at the 3 percent level for
Chicage and San Francisco. The grezter sig-
nificance in Chicago may be due to the
greater number of observations cn individ-
ual houses for that city, so0 that the measure-
ment error problem is less severe.

We interpret these resulls as substantial
evidence that there is inerfia in housing
prices, increases in prices over any year tend-
ing to be followed by increases in {he subse-
quent year, B

The Table 2 regressicms show that rezl
price changes are forecastable, but do not
show that there are any predictable excess
returns to be had in investing in real estate.
It is in principle possible that the forecast-
ability of price changes is due to nothing

_ mrore than the forecastability of real interest

rates or of the dividend on housing. Table 3
reports anatogous regressions, where the de-
pendent variable is the afler-tax excess nom-
ingl return on houwsing over the l-year
treasury bill rate, using one index, and the
independent variable {s (he after-tax excess
nominal retorn using the other index. The
after-tax rate for sample A or B was defin
bry: . o
Encess; (1] :
exp(WRS, {-+4) —WRS, (1)) -
- +C{ R($)+R{+1IHR{++2)+R{1+3)}
exp{ WRS, (1)}
—1- {1~ r)e{1)/100

JmA B

where WRS,{r} is the nominal (encorrected
for inftation) WRS index (in logs} estimated
using sample j, Rt} is the city-specific in-
dex, residential rent, from the U.S. Bureau
of Labor Statistics, + is the marginal
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TABLE 2 —PEORESSTON ©F CHANROES IN REAL L0G [NDEX ESTIMATED WITH
OnE-HALF OF SAMPLE ON CHANGES IN REAL LowG INDEX ESTIMATED WITH

OreEr HALF OF SAMPEE .
W)= B — ) = fo + By (W s - L) Wile =&~ LYy uit}
[ =1972.1 b0 1985-11 {1986-111 San Fraocisco]
City Mo, cbs. By B Ly
Parpmetera SEE [ [t} R
m_mn\___mn__“ wf, L={ 58 Q.00 0857 D529
D028 {0074 5.9581) 0622
Jm=A k=5 L=4 53 ~ {003 0215 (LiZ )
LIS {—0.211 {0949L) 028
Ju B k=, L=d 58 ~ 0004 0191 0045
G041 { = 0.408) {1.055) 0oz9
Chlea
J= ;mﬂ =8, L=0 53 —-{.00 0.8 0836
0024 {—0.208) (9.337 0833
juA k=5, L=d 58 =001 0412 0,183
0053 {— D078 {1.553) 0169
JmB k=A, L=d 53 — 0000 0502 0294
0054 {=0011) (2:226) 0.220
Daflar
jmAd, k=B, Lu=i 58 0002 0.730 0.658
0029 {017 {6.264) 0.652
jmA k=B L= 58 a0 0254 . 0.0%
0047 {0.85T) {1474 0074
JuBy k=, Lmd 58 0012 0z Q.08
0051 (0574} {L460 0.07%
San Frandseg i
Jmd k=8, L=0 18 0017 {1608 0.313
0063 (0547} {3.061) 0301
Jmd, k=8, L=d 59 .03 0,255 0,055
- 0074 [L435) {1053} 0038
JuB k=t L=d 59 Q21 0430 023
0062 (L1206} [2.462} 02046

Noter Houses were randomly allocated into two separate samples of babf-oripinal size,
eamples A and B. W,{¢) is the real WRS index esfinated using sample A only, Hyls),
is the rea] WRS index estimated using sample B only. Both series are deftated using the
city-specific consumer price inder

personal income tax rate {assumed to be
0.30), and r(¢} is the l-year treasury bill
rate, secondary markel” The constant C;
was chosen to make the average “dividend-
price ratio” C,{ R(1)+ R(¢ +1)+ R{t +2)+
R{1 +3)) /exp{WRS,{#}} equal 10 0.05. We

"The residential renl index is computed by the T1S.
Buresu of Labor Staistics every other month only. For
quarters where two monthe aee svailable, R(} is the
average of the two Agures, When ooly one moath is
available, R(t) is the figuee for the middbe month, The
incerest rate r(v) is the qaarterly average of the monthly
series Treasury billy, secondany marken, 1-year, from the
Board of Governoes of the Federal Reserve System.

are using the residential rent index to indi-
cate the implicit “dividend” {in the form of
housing services) on houses, and musl guess
as the factor of proportionslity befween 1he
index and the actual dividend. The assump-
tions about taxes are that neither the capital
gain mor the implicit rent. are .subject to
income taxes, but that interest is deducled
from taxable income.®

F®e should preperdy abo accouni for changes
throcgh Gme in the property tax rate. However, existing
data series do not appear 10 allow us to measpre well
changes io this rale for the oities and sample period
siedied,

VoL, N0

TABLE 3—REGRESSICH OF AFTER-TAX EXCESS RETURNS ESTIMATED WITH OME-HALF
OF SAMPLE O AFTER-TAX FxcEss RETURNS ESTiMaTER WETH QTHER HALE OF SAMFLE
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Excers, {1} =+ B Excesry (1 — L)+ wfi+4}

City " Mo, gbs. Fa - R¥ Trading
Parsaneters S.EE. N {t] R? Prodils
Atlaria .
j=d kwB Lu=i 1] 012 0510 0573
0030 (L03E) {51100 0667
jumd k=B Lmd 58 0041 0327 G113 0.00%
g (2159} {1.556) 4110
j=B k=A, L=d 58 0038 0248 0.L3S 0050
LITAEN {2.141) [L.782) 0120
Chi )
FadkmB, Lm0 58 oo 0915 0862
© a0 (0.453) (5.848) 0.859
FmA k=B L=d 58 0,020 0561 D449 © 02t
0052 {1.0%6) (570 043¢
Jm=B k=, L=d 58 Q.07 0,706 047 024
Q05 {0.939) [T AT
Dalfas
fud k=R L=0 5 0010 0836 0762
0036 {0.735) [2.555) 0757 :
j=A k=B L=d 58 0037 0526 0:2B6 0014
. L0601 (L5709 e 027
Jm B k=A, Lmd 58 0038 0.549 0285 017
. 0.053 {1.550) 27N 027
- Ban Franciteo : :
‘ jmA k=B L=l 59 R L) ] 0739 0461
0.0E2 {0.591} [3.881) D451
Jmd k=B L=d 5 [ X)L 0.507 0200 24
0100 (1502} £2.130) D189 o
JuB km A, L=d 59 Q045 .550 LKy 0029
07s {1.708) 3474 0368 o

Notes: Houses were randontly allocated info samples £ and F. Bxcess {r} is the cily excess H_..Eu eslimated using
sample A only, Excess,(1) is the city excess return estimated wing spmple B only. Rental index {used to compute
relomms} was sealed 5o thal average dividend-price Tatio was Q.05 Assomed income tax rate was 0.30. T=1971-1 10

1985-10 (1985-I11 San Prancisoo). Tradimg profits are average exica

the velue of the bouse forthe treding rale it the texi.

As seen in Table 3, excess refumns are even
more forscastable than real price changes.
The greater forecastability holds uwp even
when we adjust the constanl C; te'make the
average dividend-price retio either 0.0 or (1.1,
adjust the tax rate = up to 050, and wheth-
er we substifute the residential mortgage
rate for the interest rate r{t}. Apparently,
the greater forecastability of excess returns
comes about largely because of the fore-
castability of real interest rates over this
period, and because housing prices do not
take acount of information about predicted
real interest rates, That real interest rates are
quite forecastable may surpriss some read-
ers, who remember Fugene Fama's assertion

retun for the sample {4 or B} as a propoction of

that real interest rates are almost unfore-
castable, Fama's sample period in that paper
was 1953 1o 1971, which hardly overlaps
with our sample period. Since 1971 real in-
tlerest rates have shown major persistent
movements and have been much more fore-
castable. Real interest rates shifted from pos-
itive  to megative in the early 1%70s, and
sharply shifted op 10 large posiive values
foliowing the October 1979 changes in the
operating procedures of the Federal Reserve
System (see John Hreizinga and Frederic
Mishkin, 1986). The forecastability of real
interest rates is lkely 10 have more impact
on the forecastability of excess returns in
citywide housing returns over the riskfree



91006/008

121 FAX 208 432 6167

03/26/2004 FRT 0

112 THE AMERICAN ECONGMIC REVIEW

rate than on the excess retarns between cor-
porate stock indexcs over the riskfres rale,
just because the variability of corporate stock
unﬁgﬁaswgaﬁrrﬁ_pﬂ&muﬁn
variability of citywide housing price indexes.

¥. Exploiting Serial Depeadence In the
Housing Market

Observed serial dependence, of course,
does not by itself imply that a markel is
ineficient in the full sease of the term. There
must be some way of exploiing that depen-
dence. The institutional stmctuse of the

housing market makes it appear at fiest
glance thai exploilation would be difficult.

First, there is no markel for [futures com-
tracts and there are no shoit sales so that
there are no profit opporiunities 10 exploit if
the markel is expected 10 decline. Second,
iransactions costs are high. Selling real estate
raditiomally involves a brokerage Tomumis-
sion, typically § perceat, which covers sell-
ers’ search costs. Since the product is hetero-
geneous, buyers incur high search costs, For
a porticlio investor 10 reslize gains [rom
appreciation, a capital gains tax musl be
paid. For those buying a property 10 live in,
there are moving costs.

The absence of a fulures market or short
sales means only that forecast decreases in’
home prices cannol be exploited. If excess
returns are expected to be positive because
of appreciation, there is nothing to preclude
a buy-and-hold strategy.

Those interested in exploiting potential
positive excess relums fall into three cate-
gories; (1) first-time home buyers who intend
1o live in the unit; (2) home ¢wners who live
in their onits who desire to trade up, or
increase the size of their bolding: and (1)
(hose who buy and sell properties in which
they do not intend to Live a3 portfolio invest-
ments. The institutional impediments to ex-
ploiting accurately forecasl excess returns
are different in case 3 than they are in cases
1land 2.

Buyers in case 1 pay no brokerage fees,
since these are bome by sellers, and no capi-
tal gains tax as long as they remain home
owners, A buyer who wanfs to execuls a
purchase. can slso do so very quickly. Pur-

MARCH 1989

chase and sale agneements can be negotiated
in a matter of minutes if buyer and seller
apree on price. There is, of course, a lag
between purchase and sale and closing, bul
since price is fixed at time of purchase and
sale, appreciation during the closing period
accrues to the buyer. In case 2, the buyer is
also a seller and must pay a brokecage fee on
the sale of her earlier residence. Again, how-
ever, 0o capital gains tax Hability is normally
incurred, .

Transactions costs for the perifolic in-
vestor of the specutator are higher since costs
are incurred at the time of purchase and at
the time of sale. Al point of sale, the portfo-
lio investor must pay a capital gains tax—
during the period of this siudy, the maxi-
mum effective tax rate on capital gains was
20 percent.

To explore the potential for aclually ex-
ploiting profit opportunities revealed by the
forecasling regression in Table 3, we simu-
late 3 simple trading nule. Consider 2 first-
time home buyer (case 1) or a home owner
who wanis to trade up (case 1), and suppose
that this buyer is indifferent, given personal

* and financial considerations other than Tore-

castable variations in excess returns, between
buying now or wailing another year. We
establish the Following irading rule: buy now
if the excess Telum predicted by the regres-

- sion in Table 3 is greater than lhe mean

excess return, otherwise delay purchase for 1
year, Implementing this rule does not require
cstimates of Ihe parameters in Table 3 be-
yond the sign of the slope coefficient. Oaly
the mean of the independent variable, the
excess return, is fesded. In this case we can
disregard transactions costs since the pur-
chase will be made anyway, We can also
disregard capital gains laxes since we are
assuming the gains are cn a principai resi-
dence and they will be continuously rolled
over, The rightmost colamn of Table 3 gives
the average trading profits {as a proportion
af the value of the house) individuals would
have earmed had they followed this trading
rule over the sample period. The average
trading profil is the proportion of quarters n
the sample thal are early buys given the
trading rule times the difference between the
mean excess ieturns in those periods where
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an early buy is signaled by the regression
and the mean excess return for the entire
sample. The average trading profit can also
he viewed as approximately equal 1o one-half
dmes the mean of the “restified” excess re-
turn. For a given quarker reciified excess
return is equal 10 the actual excess return if
the trading rule gave a buy-early signal, oth-
erwise equal to minus excess return.

The average trading profits are between
3.4 and 2.9 percent for San Francisco, which
suggests that il would have been worthwhile
for some potential purchasers 1o aitend to
the trading rule. This is the average over all

quarters, and of course for oughly hialf the -

guarters, when an early buy was indicated,
the average excess profits were twice as high.
(Sometimes the predicted excess retum dif-

fered the mean excess retarn by over 10

percentage points.) For Chicago and Dallas,
the average irading profits fell in the 1.4 to

2.4 percent range. For Atlanta, the city with

{he lcast volatile prices, the average trading
profits were only around 1 percent. But even
here, there were quarters where the forecast-
ing regression would predict much higher
excess profits. {Sometimes the predicted ex-
cess return deviated from the mean éxcess
return by over 4 percentage. points.) .

¥I. ﬁﬂ%ﬁ;ﬂn%gﬂm&g‘

A second procedure for testing the effi-
ciency of the market for single-family homes
is to regress changes in individual.- housing
prices between time ¢ and a subsequent pe-
tiod on information available at time £ —1.
The log price index we construct appears
only as an explanatory variable in these re-
gressions, and so any spurious ‘serial correla-
tion in it will have no effect on our resuits.
Undeér the efficient markets hypothesis, any-
thing in the information sel at time 1 shounld
have no explanatory power for individual
house price changes subsequent to that date,
It is natural to set up the testing of the
efficient markets hypothesis in this way: we
are concerned with. forecasting individual
housing prices and if people were to use past
price data to forecast these prices, the fore-
casting variable would be an index like quss.
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To assure that the individual price changes
are predicted using lagged information, we

_ reestimited the WRS index anew ftor each

quarier, using only data available up to that
quarter, That is, we reestimated the entire
WRS index for all N quarters in each sam-
ple, thus providing N different estimated
price indexes, with from 1to N time periods.
In our forecasting regressions where past
price indexes were used as explanatory vari-
ahles, only those past values in the price
index were used that were estimated using
data up to and including the quarter before
the quarter of the first sale of the house.?

Doing regression tests of the chicient mar-
kets hypothesis by regressing  individual
house log price changes does have 2 poten-
tial problem in that many of the chserva-
tions of price changes are for time intervals
that overlap with each other. Thus, we cas-
not assume that residuals are uncorrelated
with each ¢ther, gven if lhey are uncorre-
lated with the independent variables.

To deal with this overlap problem, we use
‘the model (1) again where the null hypothe-
sis of markel eficiency Is tsken to be that G,
is a random walk that is independent of
anything in the information set a1 time & -1
Consider two differsnt houses in a city, house
A sold at time ¢ and 1* and house B sold at

time T and T, The variance of the residual

in the regression of ihe log real price on
lagged information (undes the null hypothe-
sis of markel efficiency this residual is
just the change in wnnnu‘ for house A . is
(o2 + o2} ¢ — )1 +205, and the covariance
beiween the residual for house A. and for
house B is no2, where n is the length ol
overlap of the two time intervals. The testing

procedure was as follows. A prefiminary or

* Mote that all thres steps of the WRS sslimatior
procedure were Tun separately for each quarier, using
only dala gvailable in thal quarier, so that ne future
nformtation would creep inte the constructed price in
dex. Tn soeue instances (especially for the carlier quar
ters, that is, using small amounts of data) the siep &
¢estimated coeflicient of the interval between sales hac
the wrong sign. When this happened, it was set lo zer0
so that the procedure then redwces to ordinary leas
squares in step 3.
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TasLE 4—-INDrapiaL House Loc PricE CHANGES O LaGOED BEAL INDEX CHAKGE
PUl, £+ 4)— PO Y =B+ BURTE L6 = 1)~ BG - L =50+ wls +4)

‘ Mo obs, o A :
City o SEE {f-stal {r-stan} | R
Atlanta L Q035D 02351 002
G141 {26875) 05135
Chicage b 00414 03437 {012
’ 3137 {2.261) {1.0588) -
Daflas we - 00874 [ Thy] X . o
144 {375 {0.2258)
Son Francisco 331 0.1000 01337 0128
0125 - {3185 {1.0108)

Notes: T the regressions, each observation i correspoads (0 8 hause that was sobd twice
- 4 querters apart, and 1, denotes ibe quarter of the first sabe for bowse . Prices are jn real
‘werms: Fii, 1} is the nanersl log price of the ith home st Gime ¢ minus the aatural log of
the <ily consumsr price index for time . WYr, i} < is the WR3S top price index. for
timie ¥ estienaled with data up bo Hime | and minus ithe natural bog of the city consumer
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TaBLE $—PEonpssons oF REAL Lo PRICE CHANGE OH LASGED INDEX, CHANGES

Plh e, + 41— PO L) =By + B0 =1 A TH 1 b= Jh— Wi b = - I dulh e 24

I T

City N A # B A B SEE. R x

Atfanta M6 0m7 . 0432 028 — 0009 —0019  Onsr 0006 1154
2ole (L0313 @87 (~001% (00T

Chicaga S5 o044 LOSS 0563 -0.253 — 0149 0136 003 7692
s (2284 % (-055) (0296

Dattes 02 B0ss 0410 01N 0.054 — (483 0145 0018 3259
@8l (098 {0.437) onn (L1

SEFOck, 2 099 0657 GBSk 011% —0106 glz5 043 2822
35 (Less) 017 OB (=034

Notes: 3 Is chi-squared statistie (4 degrees of freedom) for null hypothesis that alt shope cocfficients are zero. The
chi-square tests ate computed taking into aocount the serial correlation of error terms induced by overlapping
intervals between sabes. m«u%ﬂqﬁﬁa.ﬁprﬁhwwﬂﬂ

price index for time 1", Figores in parentheses are f-statistica computed laking inio
account the sefal correlation of errar terms induced by overlapping intervals between

. sakes,

dinacy least squares regression (where ¢"—f
was fixed 2t 2 constani for alf observations
in the regression) was performed to gel a
vector of estimaled residoals. The parameter
(o2 + o)z’ — r)+20} was estimated as the
average square value of the residuals. The
patameler of was estimated by forming all
possible products of residunls for different
houses where the time intervals overlap, di-
viding each by the tength of the averlap, and
forming the average of these, The variance
matrix @ was construcied using these est-
mates, and the variance matrix of the ordi-
nary- least squares cstimaies was taken as
(XX)"WRX{ X' X)L, This varjance ma-
trix was used to construcl ftests and chi-
squared tests of market efficiency.

VII. Results with Individusl Hoose Data

The regression resulis generally do not
find statistical significance (Tables 4 and 5},
The magniludes of coefficients estimated in
Table 4 are however roughly consistent with
those found in Table 2, and the distributed
lag pattern in Table 5 shows 2 crude indica-
ton of an exponential decay patiern that
gives mosl weight to the most recent guar-
terly index change. There appears Lo be. a
substantial response in individual house
prices to lagged index- changes, but there is

30 much noise in individval houses (the stan-
dard deviation of annual price changes is
comparable to that on the apgregale stock
market) that we do nol generally flnd statis-
tical significance.

One reason that the regressions did oot
disclose stronger or more consistent evidence
of inertia in housing prices {3 inadequale
data, While we had hundreds of observa-
tions of individual house sales for each fore-
cast horizon, we have only 18 years of data.

The serial correlalion correctton in effect -

does not assume a great avmber of “degrees
of freedom” despite the large number of
observalions.

Errors in the WRS index as a measure of
citywide prices are 2 problem tending to bias
our coefficients, probably toward zero. The
index is resstimated anew every guarter, and
there is always substantial measurement er-
ror in the most recent observations of the
index.¢

1 Far example, with the San Francisce-Oakland dats,
there is, when the index is estinnated with data through
1900-2, an esiimaled decline in real housing prices of
6,20 pereent berween 1980-1 and 1980-2 {ibe sctual
deckine, not gn anovalized rabe) When data through
1986-3 are used o estimate, the index beiween those
two guarlers is estimated 1o increase 253 percent.

To attempt to deal with this problem, a
time-varying errors-in-variable model was
estimated. It is well known in the ertors-in-
variables literature that if there is an inde-
pendent measurement error in a single inde-

_pendent variable, the estimated coefficient
- lends to be biased toward zero by & factor of

proportionality called the reliability ratio
{ses, for example, Wayne Fuller}, The relia-
bility ratio is the ratio of the variance of the
correcily measured independent variable to
the sum of the variance of the correctly
measured independent variable and the van-
ance of the measurement errer. We have
information (in the form of estimated stan-
dard errors) on the size of the measurement
error; this size varies through time, and we
can 2isess movements in the reliability ratio
through time. Reestimating Table 4 where
the independent varizble was a time-varying
estimated reliability ratio (thercby down-
weighting inaccurately measured observa-
tions) did not substantially improve the sig-
nificance of the results.

VII. Conchusion

There is subslantial persistence through
time in tates of change in indexes of real
housing prices in the cities. A change in real
citywide housing prices in a given year tends
to pradict a change in the same direction,
and one-quarter to one-half as large in mag-
nituds, the following year. Frediclable move-
ments in real inlerest rates do not appear-to

be incorporated in prices. Onir experiments
with a variety of assumpiions about rental
rates and taxes indicate that citywide after-
tax excess returns are forecastable. -

While we have suggested a trading rule for
individual home owners that appears 1o be
profitable, there are still some doubts about
the results, We cannot measure the dividend
on housing accurztely. Our measure of the
dividend on housing, the BLS residential
rent index, is estimated from data on rental
properties which may differ in quality from
owner-oocopied housing, and we do not
know the constant of proportonality for the
index. We have given only rudimentary at-
tention o the effects of tax laws,

There is little hepe of proving definitively
whether the housing market iz not efficient.
We see no way of obtaining an accurate
historical time-series on implicit remis of
owner-occupied houses. Available property
tax series appear to have major deficiencies.
There is not jusl a single incomes tax bracket,
so any effort to model tax effecls runs into
definitional problems.

From (he standpoint of forecasting excess
eturns of individual houses, such [actors
may be of only secondary iinportance any-
way. The noise in individual housing prices
is so great relative to the standard deviation
of changes in citywide indexes that any fere-

castability of individual housing prices dus

lo forecastability of citywide indexes will
tend to be swamped ouwl by the noise. Of
course, this conclusion may not apply Lo
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periods of extraordipary price movements,
such as have been observed over the last few
vears in the northeast United States and in
Californiz.

APPEWDIX
Constructing the Multiple Sales Files

The multiple sales files were constructed from several
basic data se1s containing Iarge amounis of infermation
on recorded salet of just woder & millien individual
Bousing units between 1970 and 1986 {121,876 Adasia,
397,183 Chicago, 211,630 Dallas, 121,909 San Fran-
ciseo). The San Francisco data were actuslly drawn
from the eastern pantof 1he metropolitan area including
Oskland, Beckeley, Picdment, Hayward, and the rest of
Alameds Connty. The date from the other three cities
were drawn from the entire metropolitan areas,

The date from Allants, Chicage, and Dablas, as well
as the data frem before 1979 from San Framwisco, were
chlained from the Society of Real Estate Appraisers’
Market Daia’ Center in Atlanta The data from San
Francisco belween 1579 and 1986 wese obizined from
the California Marker Dats Cooperative in Ghodale,
Califoroia, a lcensee of the Society.

The dawy in the basic data ssts wers coflected by
members of the Society, whis include many real cstate
agents, bank officials, and appreisers. When a trensac-
tion oocurs {al the closing), members Gl out & teng data
sheet and subimit it to the Sociely, We have po informa-
tion aboul how represeniative ibe membership is. We
do know thit 1be dala seem 1o be uniformly distributed
acress eech area and rhet they contain a Jarge number
of both kigh- and lowepriced properties. :

Informeatton coded fer sach ohservation includes (he
exact streel address, the szles price, the closing date,
and ke 1ype of finaocing, 85 well as between 25 and 40
characieristics of the property depending on the city
and the time period. Characteristics include numercus
siructural and parcel descriptors such as aumber of
rooms, condition, lot size, and o0 forth. To complele cur
raw datu set 14 separaiely coded fles were merged.

The process of identifying repeal sales iovolved sev-
eral steps. First, an efasct match was done on the
addreas ficlds. Mext, properties identified 25 anything
other then a singhe-Tamily bome, such as a condo-

mimium ar & cooperalive unit, wers dropped, Third, -

pairs were ‘excluded il Ihere was evidence what the
arectiaee had been physically altered. This was done by
checking, the total number of rooms, the mumber of
bedrooms, the. indicated conditien, and whether any
tooms had been madernized.

The condition and modemization vadables were
rectrded differently in the various data sets that had 1o
be merged. For condition, most wsed rafings of excel-
lent, good, average, fair, 1nd poor, Because the ratings
were subjective and given by different people, often
many years apart, we decided to ignore smell changes,
Thus, & property that weal Irom good (o average was
retained. Any unit that indicsied 2 jump of two cate-
gories between sales, such 25 a drop from geod to fadr,
was excluded. All properies listed in poer conditions in
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cither period were excluded en the grounds that the rale
of physical deterioration was Likely to be high, and thay
there could well be uncbservable problems reflected

e,
vﬂﬁc.___nnvﬂ the kitchen or a bathroom bad been ' med-
emized” was alse recorded on e forms in a varety of
ways. Records than indicited & modernized room weee
Bagged, and if o flag appeared a0 the time of the secend
sale bul not at the 1ime of the first sale, 1be record was
drepped. Of the total of 39,267 clean pairs, 57 observa-
tiens appeared (o be data-eniry errors; the two saks
prioes differcd by a Factor clese ta B0,
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