The Efficlency of the Market for Single-Family Homes

By KARL E. CAse AND ROBERT J. SHILLER®

The market for single-family homes does not appear 10 be efficient. Year-to-ycar
changes in prices tend 10 be followed by changes in the same direction in the
subsequent year. Moreover, information about real interest rates does not appear
10 be incorporated in prices. There s thus a profitable irading rule for persons who
are free to time the purchase of their homes. Still, overall, individual housin g price

changes are not very forecastable.

There is good reason to think that the
market for single-family homes ought to be
less efficient than are financial markets, The
market is dominated by individuals trading
in the homes they live in. Because of transac-
tions cosls, carrying costs, and tax con-
siderations, professionals find it relatively
diflicult to take advantage of profit opportu-
nities in this market. For these reasons, it is
commonly casually asserted that the market
for single-family homes is incficient, and
“bull markets” in housing (i.c., temporary
upward inerlia in housing prices) are [re-
quently alleged. But it is hard to find schol-
arly work confirming whether this is so.

We have found surprisingly little in the
literature on the testing of the efficiency of
rcal estate markets. A computer search
turned up only three recent papers, by
George Gau (1984-85) and Peter Linneman
(1986). Gau describes his two papers as the
“first rigorous testing™ of real estate market
cMciency.”! His data, however, were con-
fined (o commercial real estate and to the
Vancouver area for the years 1971-80. He
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125

concluded that prices in the Vancouver mar-
ket were well described as a random walk.
Linneman, who asserts that “there ate no
cmpirical studies of the efficiency of the
housing market,”? did a study using obscrva-
tions on individual owner's asscssments of
house value (rather than actual sales prices)
in Philadelphia for two points of time: 1975
and 1978. He found that houses that were
undervalued relative 10 a 1975 hedonic re-
gression (i.c., that had negative residunls in a
regression of price on housing characteris-
lics) tended to increase in value subse-
quently, but that because of transactions
costs only an insignificant number of units
appear to present profitable arbitrage candi.
dates. Robert Engle, David Lilien, and Mark
Watson (1985) estimated a niodel of the
resale housing market using data on retail
house sales in San Diego for 197330, They
concluded that much of the overall move-
ment in housing prices in this period could
be explained in terms of such factors as
demographically driven changes in the cost
of housing services, proposition 13, and the
inflation-driven change in marginal tax rates.
But they did not investigate directly whether
the market was efficient.

This paper perforrs tests of the eliciency
of this market using data from the Society of
Real Estate Appraisers’ tapes for the years
1970 10 1986 for Atlanta, Chicago, Dallas,
and San Francisco/Oskiand; see the Ap-
pendix. The tapes contain actual sale prices
and other information about the homes. We

Peter Linneman, p. 140.
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extracted from the tapes for each city a file
of data on houses sold twice for which there
was no apparent quality change and for
which conventional mortgages applied. For
cach house the data we used consisted of the
two sales prices and the two dates (quarters)
in which the sales occurred. The total num-
ber of observations on such double sales of
relatively unchanged homes was 39,210
(8,945 Atlanta, 15,530 Chicago, 6,669 Dallas,
and 8,066 San Francisco). None of the other
studies had actual repeat sales price data on
individual homes at all, let alone such a Iarge
number, and none of the studies spanncd the
time interval and geographical aréa of our
study. Moreover, the present study presents
some statistical-methodological improve-
ments over the Gau studies in its effort to
test the random-walk theory for housing
prices.

1. The WRS Index

In a companion paper we discuss our
method of price index construction, which
we call the Weighted Repeated Sales (WRS)
method. The method is a modification of the
regression method proposed by Martin J.
Baildy, Richard Muth, and Hugh Nourse
(hereafter, 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
price of cach house on a set of dummy
variables, one dummy for each time period
in the sample except for the first. Each value
of the log price index BMN(1) is represented
by a regression coefficient, except for the
first value of the log price index, which is set
10 zero as a normalization. The dummy vari-
ables are zero except that the dummy is +1
corresponding to the second time period
when the bouse was sold and that the dummy
is =1 corresponding to the first time period
when the house was sold (unless this is the
first time period). Bailey et al. argued that 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 Qauss-Markov theorem
their estimated index is the best linear unbi-
ased estimate of the citywide log price.
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Our procedure differs [rom the BMN pro-
cedurc because we [eel that the house-specific
compoanent of the change in log price is
probably not homoscedastic but that the
variance of this noise increases with the in. -
terval between sales. The motivation for our
WRS method was the assumption that the
log price P, of the ith house at time 1 is
given by

(n Py=C+ U, +N,.

where C, is the log of the citywide level of
housing prices at time 1, H,, is a Gaussian
randomn walk (where A4, has zero mean
and variance o)) that is uncorrelated with
Cr and Myie / for all T, and N, is an
identically "distribut! normal noise term
(which has zero mean and variance o) and
is uncorrelated with Cp and /1,p for all
and 7' and with N, unless /= jand (=T,
Here, H, represents the drift in individual
housing value through time, and N, repre-
sents the noise in price due (o imperfections
in the market for housing.} Presumably, the
value that a house brings when it is sold
depends on such things as the random ar-
rival of interested purchasers, the hehavior
of the real estate agent, and other random
factors, so that the sale price is not identical
to true value. Moreover, there may be some
change in true value that may be bunched at
the purchase date.

A three-step weighted (gencralized) least
squares procedure was undertaken. In the
first step, the BMN procedure was followed
cxactly, and a vector of regression residuals
was calculated. In the second step, the
squared residuals in the first step regression
were regressed on a constant and the time
interval between sales.* The constant term
was the estimate of o}, and the slope
term was the estimate of o}. In the third
step, a generalized least squares regression (a
weighted regression) was run by first divid-

:Cuy Webb has a similar model, eacept that ¢, = 0.
Because the errors in this regression are likely to be
larger for houses for which time interval between sales
is lasger, a weighted regreszion was used, dowaweight-
in’ the ohservations cortesponding 1o large time inter-
vals,
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ing cach observation in the step-one regres-
sion by the square root of the fitled value in
the second-stage regression and running the
regression again.

The estimated WRS index WRS(r) and its
accuracy are discussed in our companion
paper. The level of the index is quite well
mcasured, the quarterly fiest difTerence of the
index is not well measured, and the annual
difference of the index is fairly well mea-
surcd. One way of describing how well these
variables are measured is to compute the

ratio of the standard deviation of a variable

o the average standard error for that vari-
able. For the log index in levels, this ratio
is 11.87 for Atlanta, 24.52 for Chicago, 9.94
for Dallas, and 28.03 for San Francisco-
Oakland. Thus, we can make very accurate
statements about the levels of house prices in
the cities. For the quarterly difTerence of the
log indexes, the ratio is 1.64, 1.61, 1.35, and
1.54, respectively. We thus cannot accurately
describe the quarterly changes in the log
prices, though the index will give a rough
indication. For the annual difference of the
‘log index, the ratio is 2.73, 3.99, 2.90, and
3.62, respectively; we can make fairly accu-
rate stalements about the annual change in
log housing prices.

Other existing housing price indexes arc
widely interpreted as showing even monthly
changes in housing prices. We argue in our
companion paper that these indexes (for
which no standard errors are provided) are
likely to be less accurate than ours.

11. Seasonallty, City Influence, and Deta

Part A of Table 1 gives sample statistics
for W(1) = WRS(t)=In(CPI(t)). W(1) is the
real WRS index in each city, deflated by
the city-specific consumer price index. The
growth in real price was less than 1 percent
per quarter for all cities, even San Francisco
where a real estate “boom” took place. The
standard deviation in quarterly real price
changes is less than 3 percent per quarter, or
on the order of a third of the standard
deviation of quarterly changes in compre-
hensive real stock price indexes.

Individual housing prices are like many
individual corporate stock prices in the large

CASE AND SHILLER: MARKET FOR SINGLE FAMILY HOMES 7

standard dewviation ol 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 contemporancous l-yecar
changes for the real WRS index, the R
squared is only 0.066 for Atlanta, 0.158 for
Chicago, 0.121 for Dallas, and 0.270 for San
Francisco.

While sccond quarter price changes tend
to be high and third quarter changes low, the
difference is small, and only in Chicago is
scasonality statistically significant at the.$
pereent level. The National Association of
Realtors’ series on the median price of exist.
ing single-(amily hoines appears to show
more pronounced scasonality; we argued
elsewhere that much of this may be due to
scasonality in the composition of houses sold
over the year (see our companion paper),
Still, the NAR and WAR indexes do agree
that prices are highest midyeir (the NAR
index tends to peak in July).

The beta (estimated for each of the cities
by regressing the quarterly change in the log
nominal WRS index on the corresponding
change in the log Standard & 1'vor’s Com-
posite Index) is always virtually zero (lable
1, Part B). This confirms the results of Gau.

IU. Testing for Market EMclency

Opne might think that we could test the |
random-walk property of prices by segress-
ing the change in the index on lagged changes
in the index. But there is a problem, the
noisc in. the estimated index. To sce this
point, consider the very simple case where
we have (wo observations only un log hous.
ing prices. House A was sold in period 0 and
period 1, while bouse B was sold in petiod 0
and period 2. The estimated changes in the
log price index (using cither the original
BMN or WRS procedure, since in this exam-
ple the number of observations equals the
number of coefficients) are, for period 1,
Pas = Pao= Cy = Co+ Hyy=Hyg+ Ny = N,
and flor P“"’od 2=(Pus=Pa0) ¥ (Pas=Pyo)
-CG-C-(H, - Mg+ Ny= Ny v ",,
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Tasur | — SOy STANSTICS
A. Quarterly Changes in Real WRS Log Price lodex: 1= W(1)~ (1 -1}
Hy: All
QU.AHCH
All Quarters Mean ¢ for Quarter ¢ Same Mean
Mean ¢ t=~1 (=2 =3 t=4 F
sud. ¢ (r-stat)  (s-star) (f-stat) (t-stat) Prob.
Atlante 0.0001 -0.001) 00050 -0.0043 0.0006 0.3)
0.0270 (~0.2040) (0.76%4) (-0.6461)  (0.0883) 0.15
Chicage 0.0007 00088 00071 -~0.0019 -00113 In
0.0218 - (1.64%6) (1.)682) (-0.3571) (-21970) 0.02
Dellas 0.0050 0.00)1 00114 0.0024 0.0028 0.4)
0.0263 (0.4612) (1.7783)  (0.3586) (0.4172) 0.79
Sen Fran. 0.0092 - 00100 00161 0.0024 0.0082 0.84
0.0254 (1.5040) (25822) (0.J621) (L.2IID) 0.51
B. Regression of Nominal WRS Index Changes oa Changes ia Log Standard and
Poor Composite Index:
WRS(1) - WRS(1 = 1) = a + S(LSP(r) = LSP(¢ = 1)) + w(r)
No obs. a [ 5'
City SEE () () X!
Atlenta 63 0017 -0.021 0.00)
0.023 (3.264) (~0454) - -001)
Chicage &5 0017 -0.014 0.002
0.018 (1.41%) (~039) ~-0.01)
Dellas 6 002) -0.086 0.02¢6
0.027 (6.698) (-1.289) 0.010
Sen Fren. 66 0028 0038 0.006
0.028 (1.159) (0.643) -0.009

Nete: WRS(1) Is the quarterly WRS index (in logs) described ia the text, W(r) is
WRS(1) defiated by the clty-specific consumer price index averaged over the quaster.
LSP(1) ls the log of the Standard A Poor's Composite Index, quarterly average of daily
prices. Sample is 1970-sccond quarier 1o 1986-second quarter (63 observatons), except
lor San Francisco where the data are 1970-second quarter to 19868 third quanier (66

observations).

~ Hgg+ Nyy = Nyo. The index change be-
tween 0 and 1 is negatively correlated with
the change between 1 and 2 because of com-
mon terms appearing with opposite signs.
Thete may also be positive serial correla-
ton of estimated changes in the log price
index. Suppose we have three houses in our
sample, house A was sold in periods 1-and 3,
house B was sold in periods 0 and 2, and
bhouse C was sold in periods 0 and 3. The
estimated changes in the log price index
(again, using either the original BMN pro-
cedure or the WRS procedure with, the
{ull sample) are, for period 1, ( pcy = Pco) —
(Pay— P.a) and lor period 3, (Pcy = Pco) =
(Pa2— Pao)- These two. estimated changes
will be positively correlated in our inodel

because house C appears with the same sign
in both expressions, while the specific shocks
to the other two houses arc indcpendent.
The three-house example also makes clear
that there may be serial correlation between
noncontiguous price changes.

Gau's procedure for testing the efficiency
of the Vancouver commercial rcal estate
market involved building three price indices
(not repeat-sales indcxes): sales price divided
by square footage, sales price divided by
gross income, and sales price divided by
number of suites. For each month he chose a
single transaction for his index. His method
of construction of a price series is likely to
induce the same spurious serial correlation
in price changes. llis conclusion that his
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price index was approximatcly a random
walk might be spurious.?

IV. A Simple Expedient for Dealing with
Estimation Error

We have seen that we cannot test cffi-
ciency of the housing market by regressing
real changes in the WRS index onto lagged
changes, and testing for significance of the
coeflicients, because the same noise in indi-
vidual house sales contaminates both depen-
dent and independent variables. A simple
expedicnt for dealing with this problem is to
split the sample of individual house sales
data and estimate two WRS indexes. For
cach city, houses were randomly allocated
between samples A and B, and log price
indexes WRS, and WRS, were estimated
using the respective samples. Then efliciency
is lested by regressing changes in the real
log index W, (1) = WRS, (1)=In(CPI(r)) on
lagged changes in the real index Wj(r) =
WRS,(1)=-In(CPI(t)), where CPI(¢) is the
consumer price index for the city for quarter
¢ (quarterly average).® Both sides of the
cqualion are conlaminated by noise, bul
since the same houses do not enter into the
indcxes on the two sides of the equation,
these noise terms will not be correlated. If
the slope coefTicients are statistically signifi-
cant, we can reject weak form eficiency.

Table 2 presents such regressions. For each
city, we report first the regression of annual
change with real log index A on the contem-
porancous annual change in real index B, as

1t should be noted that a stieength ol Gau's ap-
proach relative to ours Is that he could reseasch the
propertics more thoroughly, He used detailed descrip-
tion of debt liens from provincial land ttle tecords, to
adjust for fAinancing with below-market interest rates.
We did not have such information on the Society of
Real Estate Appralsers’ (SREA) tapes. le also con-
trolled for other quality differences by his cholce of
gm?enlcs 1o laclude.

Since quarterly data were used and price index
changes were measured over lour quaricrs, etror teems
in the regression are not independent under the ran-
dom-walk assumption, but follow an MA-3 process. A
mecthod of Lars Hansen and Robert Hodrick was used
to cotrect the standasd errors of the ordinary least
squases estimates.
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a diagnostic on our methods. The coeflicient
should be 1.00 if the indexes were measured
perfectly, but should tend to be less than one
for estimated indexes, due to the ertors-in-
variables problem. Fortunately, the esti.
mated cocflicients are never tou far below
1.00. For cach city, we then report the te-
gression of the real annual change in the real
index for sample A on the l-year-lagged treal
annual change in the real index for sample
B, and then the same regression with sam-
ples A and B reversed. These coclficients are
always positive and substantial, and statisti-
cally significant at the 5 percent level for
Chicago and San Francisco. The greater sig-
nificance in Chicago may be due to the
greater nuinber of observations on individ-
ual houses for that city, so that the measure-
ment error problem is less severe,

We interpret these results as substantial
evidence that there is inertia in housing
prices, increases in prices over any year tend-
ing to be lollowed by increases in the subse.
quent year,

The Table 2 regressions show that real
price changes are forecastable, but do not
show that there are any predictable excess
returns 10 be had in investing in real cstate.
It is in principle possible that the forecast-
ability of price changes is duc to nuthing
more than the forecastability of scal interest
ratgs or of the dividend on housing. Table 3
reports analogous regeessions, where the de-
pendent variable is the after-tax excess nom.
inal return on housing over the I.year
treasury bill rate, using one index, and the
independent variable is the after-tax excess
nominal return using the other index. The
alter-tax rate for sample A or B was defined
by:

Excess, (1)

exp( WRS, (144) -WRS, (1))
_AG (R 4R(41)+R(142) 4 R(21 1))
exp(WRS, (1))

=1=(1-1)r(r)/100

j=4.8

where WRS,(¢) is the nominal (uncorrected
for inNation) WRS index (in logs) estimated
using sample /, R(t) is the city-specific in-
dex, residential rent, from the U.S. Bureau
of Labor Statistics, r is the marginal
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TasLt 2 —~ReORESSION OF CHANOES 1N REAL LOC INDEX ESHIMATED WITH
ONE-HALF OF SAmrLs ON CHANGES IN REaL LOO INVEX ESTIMATED WiTH
O1ner HALr Ot Samrix

——

W)W, (1~ =B + (W, (1~ L)~ W (1~4=L)+u(1)
t =1972-1 10 1986-11 (1986-111 San Francisco)

City No. obs. e A R’
Paramcicrs SLE () (1) k!
Atlanta
J=A k=8 L=0 it 0.001 0.357 0.629
0.028 (0.0724) (5.981) 0.622
J=A k=8 L=4 b} ] -0.003 0.215 0.043
0045 (-0279) (0.991) 0.028
Jj=B8. . k~A L=4 3t - 0.004 0191 0.046
004t (- 0.408) (1.081) 0.029
Chicage
J=A Lh=8L~0 58 -0.00} 0.871 086
0.024 (- 0.208) 9.3 0.8)3
JmA k=B L=4 58 ~0.001 0.412 0.1%)
0.053 (~0.076) (1.9%)) 0.169
J=B8, k=A L=4 b1 3 - 0.000 0.502 0.2)4
0.054 (-0.011) (2.22¢) . 0.220
Dallas
j=A. k=8, L1L=0 b1 | 0.002 0.1 0.653
0.029 0.317) (6.260) 0.652
joA k=B L=4 - b1} 0.011 0.254 0.09%
0.047 (0.857) (1.424) 0.074
J=B k=A L=4 b} ] 0012 0.312 0.046
0052 (0.374) (1.460) 0.029
San Frencisce
Jj=A k=8 L=0 39 0.017 0.608 0313
006) (0.947) (3.061) 0.J01
JoA k=8, L=4 59 0.030 0.255 0.0%3
00N (1 4)3) (1.090) 0.0)8
J=B A=A L=4 39 0.021 0.4)0 0220
0.062 (1.206) (2.462) 0.206

Neote: louses were randomly allocated into two separate samples of hall-original size,
samples A and B. W, (1) is the real WRS index estimated using sample .4 only, W, (/)
it the real WRS index cstimated using sample 8 only. Both series are defated using the

aity-specific consumer price index.

persooal income tax rate (assumed lo be
0.30), and r(r) is the l-year treasury bill
rate, sccondary roarket.” The constant C
was chosen 1o make the average “dividend-
price ratio™ C,(R(1)+ R(1 +1)+ R(1 +2)+
R(1+3)}/exp(WRS (1)) equal to 0.05. We

" The residential reat Index is computed by the U.S.
Busean of Labor Sutistics every othet month only. For
quariers where two months are available, R(¢) is the
average of the two Agures. When only one moath is
svailable, R(¢) Is the Agure lor the middie month. The
interest rate #(r) is the quarterly average of the monthly
scrics Treasury billa, sccondary market, 1-yeas, from the
Boasd of Governors of the Federal Reserve Sysiem.

are using the residential rent index to indi-
cate the implicit “dividend” (in the form of
housing services) on houses, and must guess
as the factor of proportionality between the
index and the actual dividend. The assump-
lions about taxes are that neither the capital
gain nor the implicit rent are subject to
incotne taxes, but that intercst is deducted
{rom taxable income.*

*We should properly also account for changes
through time in the property 1aa rate. However, existing
data series do not sppear (0 sllow us to measure well
changes in this rate for the cities and sample period
studied.
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TAsLs }— REQRESSION OF AFTCA-TAX LXCEsS RETUANS ESNIMATED WETI ONE-11ALS
OF SAMPLE ON AFTER-TAX BXCESS RETURNS ESTIMATED witit OvER HAL OF Samrix

——

Excess (1) = Bo 4 By Excess (1~ L)+ u(1+4)

City No. obs. /.8 n R Tiading
Parameters S.ER ) () A! Profins
lanta

;‘:- 2 k=8, L=0 8 0012 0.0)1 0.67)
0.030 (1 036) (6 111) 0.667

j=A k=B L=4 58 0.041 0 0.11) 0009
0049 (2.159) (1.556) 0.097

j=B k=A L=4 8 0033 0348 0138 0010
0.041 (2.141) (1.182) 0.120 :

CMicago

j=A k=81=-0 5t 0004 0913 0.362
0.026 {0.452) (9 848) 0.859

JmA k=B L=4 8 0.020 0661 0.449 QoL
0052 (1 086) (3.3 0.439

J=B hk=A, L~4 51 0017 0 706 0.479 0024
0.051 (0.959) ().774) 0.470

Dallas

J=A k=8, L=0 38 0.010 0836 0.762
0.03¢ (0.133) (2.555) 0137

JmA k=B L~4 8 0.037 0.526 0.286 0.014
0.061 (1.570) (2.1) 0.27)

J=B kA L=4 8 0.033 0.549 0.286 0o1?
0.063 (1.550) anm 0.27)

San Franclsco

J=A k=B, L=0 59 0.029 0.259 0.461
0.082 (0.991) (3.481) 0.451

J=A k=8 L~4 39 0.08$ 0.507 0.20) 0.024
0.100 (1.502) (2130) 0.189

J=B k=A, L~4 9 0.046 0550 0.319 0029
0.079 (1.708) (3.474) 0.)68

Notes: llouses were randomly allocated into samples 4 and 8. Excess (1) is the city excess return estimated using
ssmple A only, Excess (1) Is the city excess retum estimated using sample B only. Rental index (used to comnpule
returns) was scaled 3o that average dividend-price ratio was 0.05. Assumed income tax tate was 0.J0. 7' =1971-] 10

1985-11 (1985-111 San Frandisco). Trading profits aze avera

the value of the house for the trading rule in the Icat,

As scen in Table 3, excess returns are even
more (orecastable than real price changes.
The greater forecastability holds up even
when we adjust the constant C, to make the
average dividend-price ratio either 0.0 or 0.1,
adjust the tax rate ¢ up to 0.50, and wheth-
er we substitute the residential morigage
tate for the interest rate r(f). 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 account of information about predicted
real interest rates. That real interest rates are
quite forecastable may surprise some read-
ers, who remember Eugene Fama's assertion

g¢ extra retumn for the sample (A4 or B) as a propottion of

that real interest rates are almost unfore-
castable. Fama's sample period in that paper
was 1953 to 1971, which hardly overlaps
with our sample period. Since 1971 real in-
terest rates have shown major persisient
movements and have been inuch more fore-
castable. Real interest rates shifted from pos-
itive to negative in the early 1970s, and
sharply shilted up to large positive values
following the October 1979 changes in the
opecrating procedures of the Federal Reserve
System (scc John Huizinga and Frederic
Mishkin, 1986). The forecastability of real
interest rates is likely to have more impact
on the forecastability of excess returns in
citywide housing returns over the riskfree



12 THE AMERICAN ECONOMIC REVIEW

rate than on the excess retumns between cor-
porate stock indexes over the niskfrce rate,
just because the vaniability of corporate stock
price indecxes is so much higher than the
variability of citywide housing price indexes.

V. Exploiting Serial Dependence in the
Housing Markel

Observed serial dependence, of course, .

docs not by itsell imply that a market is
ineflicient in the full sense of the term. There
must be some way of exploiting that depen-
dence. The institutional structure of the
housing market makes it appear at first
glance that exploitation would be difMicult.
First, there is no market for futures con-
tracts and there are no short sales so that
there are no pro(it opportunities to exploit if
the market is expected to decline. Sccond,
transactions costs are high. Selling real estate
traditionally involves a brokerage commis.
sion, typically 6 percent, which covers sell-
ers’ search costs. Since the product is hetero-
geneous, buyers incur high search costs. For
a portfolio investor to realize gains (rom
appreciation, a capital gains tax must be
prid. For those buying a property to live in,
there are moving costs.

The absence of a futures market or short
sales means only that forecast decreases in
home prices cannot be exploited. I( 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 returns [all into three cate-
gories: (1) first-time home buyers who intend
to live in the unit; (2) home owners who live
in their units who desire to trade up, or
increase the size of their holding; and (3)
those who buy and sell properties in which
they do not intend to live as portfolio invest-
ments. The institutional impediments to ex-
ploiting accurately forecast excess returns
are different in case 3 than they are in cases
1 and 2,

Buyers in case 1 pay no brokerage fees,
since these are bomne by sellers, and no capi-
al gains tax as long as they remain home
owners. A buyer who wantls 0 exccule a
purchase can also do so very quickly. Pur-
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chase and salc agrecments can be negotiated
in a matter ol minutes il buyer and seller
agree on price. There is, of course, a lag
between purchase and sale and closing, but
since price is fixed at time of purchase and
salc, appreciation during the closing period
accrues (o the buycr. In casc 2, the buyer is
also a scller and must pay a brokerage fee on
the sale of her earlicr residence. Again, how-
evcr, no capital gains tax liability is normally
incurred.

‘Teansactions costs for the portlolio in-
vestor of the speculator are higher since costs
arc incurred at the time of purchase and at
the time of sale. At point of sale, the portfo-
lio investor must pay a capital gains tax—
duting the period of this study, the maxi-
mum effective (ax rale on capital gains was
20 percent,

To explore the potential for actually ex-
ploiting profit opportunitics revealed by the
forccasting regression in Table 3, we simu-
latc a simple trading rule. Consider a first-
timc home buyer (case 1) or a2 hume owner
who wants to trade up (case 2), and suppose
that this buycr is indifferent, given personal
and financial considerations other than {ore-
castable variations in excess returns, between
buying now or waiting another year. We
establish the following trading rule: buy now
if the excess retumn predicted by the regres-
sion in Table 3 is greater than the mean
excess return, otherwise delay purchase for 1
year. Implementing this rule does not require
estitnates of the parameters in Table 3 be-
yond the sign of the slope coeflicient. Only
the mean of the independent variable, the
excess return, is necded. In this case we can
disregard transactions costs since the pur-
chase will be made anyway. We can also
disregard capital gains taxes since we are
assuming the gains are on a principal resi-
dence and they will be continuously rolled
over. The rightmost column of Table 3 gives
thg average trading profits (as a proportion
of the value of the house) individuals would
have earned had they followed this trading
rule over the sample period. The average
trading profit is the proportion of quarters in
the sample that are early buys given the
trading rule times the difference between the
mean excess returns in those periods where
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an carly buy is signaled by the regression
and the mean excess return for the entire
sample. The average trading profit can also
be viewed as approximately equal to one-half
times the mean of the “rectified” excess re-
turn. For a given quarter, rectified excess
return is equal (o the actual excess return if
the trading rule gave a buy-early signal, oth-
crwise equal to minus excess return,

The average trading profits are between
2.4 and 2.9 percent for San Francisco, which
suggests that it would have been worthwhile
for some polential purchasers to attend to
the trading rule. This is the average over all
quarters, and of course for roughly half the
quarters, when an carly buy was indicated,
the average excess profits were twice as high.
(Sometimes the predicted excess return dif-
fered the mean excess retumm by over 10
percentage points.) For Chicago and Dallas,
the average trading profits fell in the 1.4 t0
2.4 percent range. For Atlanta, the city with
the least volatile prices, the average trading
profits were only around 1 percent. But even
here, there were quarters where the forecast-
ing rcgression would predict much higher
excess profits. (Sometimes the predicted ex-
cess return deviated (rom the mean excess
return by over 4 percentage points.)

VI, Forecasting Individual 1louse Sales Data

A sccond 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-
riod 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 results.
Under the eflicient markets hypothesis, any-
thing in the information st at time ¢ should
have no explanatory power for individual
house price changes subsequent to that date.
It is natural to set up the testing of the
eflicient 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 ours.
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To assurc that the individual price changes
are predicted using lagged inforination, we
reestimated the WRS index ancw for cach
quarter, 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 difTerent estimated
price indexes, with from 1 to N time periods.
In our [orecasting regressions where past
price indexes were used as explanatory vari-
ables, only those past values in the price
index were used that werc estimated using
data up to and including the quarter before
the quarter of the first sale of the house.’

Doing regression tests of the eflicient mar-
kets hypothesis by regressing individual
house log price changes docs have a poten-
tial problem in that many of the obscrva-
tions of price changes are for time intervals
that overlap with each other. Thus, we can-
not assume that residuals are uncorrclated
with cach other, even il they 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 market efficiency is taken to be that C,
is a random walk that is independent of
anything in the information set at tirme ¢ - 1.
Consider two different houscs in a city, house
A sold at time ¢ and 1* and house B sold a1
time T and T". The variance of the tesidual
in the regression of the log real price on
lagged information (under the null hypothe.
sis of market efficiency this residunl is
just the change in rn'cc) for house A is
(od + ol X1'=1)+202, and the covariance
between the residual for house A and for
house B is nod, where a is the length of
overlap of the two time intervals. The testing
procedure was as follows. A preliminary or-

" Note tat all theee steps of the WKS estimation
procedure were rua separately for each quartes, using
only data available ia that quarier, 30 that no future
informaton would ereep into the construcied price in-
dex. In some instances (especially for the earlier quas-
ters, bat Is, usiog small amounts of data) the step 2
estimated cocflcient of the interval between sales had
the weong sign. Whea this happened, it was set (o zeto,
s0 that the procedure then reduces to ordinary least
squares ia siep ).
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TasLs 4—[NOIVIDUAL JlOUsE LOG PrucE CHANUES ON LAGGI REAL INDEX CHANGE

P, 1, 44)= P(1, 1) = A+ B(W(L, = 1,0, = 1) = IW(1, = 1,1, = 3)) + u(1 + 4)

No. obs. Ny A
City SLE (r-stat) (1-s1a1) R!
Atlanita 246 0.0380 0.2392 0.002
0.141 (2.6875) (0.615%)
Chicoge 59 0.0416 0.34)1 00112
oan (2.261) (1.088x)
Dellas 202 0.0874 0.076) 0.001
0.148 (3.7187) (0.2261%)
San Francusce M 0.1000 0.3 0.028
0.128 (3.18)) (1.010x)

Notes: la be regressions, ¢ach observation i corresponds to & house that was sold twice
4 quarters apart, and 1, denotes the quarter of the first sale [or house /. I'rices are in real
terms: P((, 1) is the natural log price of the ith hane at time ¢ minus the natural log of
the city consumer price index lor Ume 4. W(1, 1)1’ < ¢ is the WRS log, price index for
Ume ¢ estimated with data up to time ¢ and mious the aatural Jog of the clty consumer
price index foc ime 1. Figures in parcntheses are f-statistics computed taking into
sccount the serial correlation of error terms induced by overlapping inlervals beiween

sales.

dinary least squares regression (where '~ ¢
was fixed at a constant for all obscrvations
in the regression) was performed to get a
vector of estimated residuals. The parameter
(ad + 02Xt"— 1)+ 20} was estimated as the
average square value of the residuals. The
parameter ol was estimated by forming all
possible products of residuals for different
houses where the time intervals overlap, di-
viding each by the length of the overlap, and
forming the average of these. The varance
matrix 1 was constructed using these esti-
mates, and the variance matrix of the ordi-
nary least squares estimates was taken as
(X' X)X QX(X'X)"'. This variance ma-
trix was used to construct t-tests and chi-
squared tests of market efficiency.

YI. Results with Individual House Data

The regression results generally do not
find statistical significance (Tables 4 and $).
The magnitudes of coefficients estimated in
Table 4 are however roughly consistent with
those found in Table 2, and the distributed
lag pattern in Table $ shows a crude indica-
tion of an exponential decay patlern that
gives most weight to the most recent quar-
terly index change, There appears to be a
substantial response in individual house
prices to lagged index changes, but there is

so much noise in individual houses (the stan-
dard deviation of annual price changes is
coinparable o thal on the aggregate stock
market) that we do not generally find statis-
tical significance.

One reason that the regressions did not
disclose stronger or more consistent evidence
of inertia in housing prices is inadequate
data. While we had hundreds of observa-
tions of individual house sales for each fore-
cast horizon, we have only 16 years of data.
The scrial correlation correction in efTect
docs nol assume a great number of “degrees
of [reedom” despite the large number of
ohservations,

Errors in the WIS index as a measure of
citywide prices are a problem tending to bias
our cocfficients, probably toward zero. The
index is reestimated anew every quarter, and
there is always substantial measurement er-
ror in the most rccent observations of the
index.!°

' For example, with the San Francisco-Oakland data,
there is, when the Inde is estimated with data through
1980-2, an esimated decline in real housing prices of
6.20 percent between 1980-1 asd 1980-2 (the aciual
decline, not an ancualized rate). When data through
1926-) are used 10 estimate, the index Leiween those
(wo quarters is estimated 1o increase 2.5) pereeant.
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Tasts $—REGRESSIONS OF REAL LOO PriCE CHANGE ON LAGOED INDEX CHANGIS

Plit, 4 &)= Pli1,) =By 4 1:(,'-1.....4);![(»'(:, =L, =)= WU =L = 1))+ w4 4)

?
X

1]

City N. A A [ . B SEL R

Atlanie 246 oo 0.432 0.28) - 0.009 -0.029 0.142 0.006 1154
(2.919) (1.0)3) (0.602) (-0.019) (-0.07%)

Chicago 596 0.044 1.055 0.66) -0.295) -0.149 0.136 0.012 1692
(2.494) (2.234) (1.J09) (-0.569) ( - 0.296)

Dallas 202 0.089 0.430 0.220 0.094 -043) 0.145 0.01% 1239
(4.841) (0.992) (0.487) (0.213) (-1.172)

SF/Oak. m 0.099 0.652 0.511 0.118 -0.106 0125 0.0)6 182
(3.329) (1.465) (1.173) (0.222) (-0.214)

Notes: x! is chi-squased stauistic (4 degrees of frecdom) for null hypothesis that all slope cocflicients ate 1t The
chi-square tests are computed (aking into account the serial coreclation ol error teemis induced by overlapping

intervals between sales. Sce also notes (o Table 4 above,

To attempt to deal with this problem, 2
titne-varying crrors-in-variable model was
estimated. It is well known in the errors-in-
variables literature that if there is an inde-
pendent measurement error in a single inde-
pendent variable, the estimated coeflicient
tends (o be biased toward zero by a factor of
proportionality called the reliability ratio
(see, for example, Wayne Fuller). The relia-
bility ratio is the ratio of the variance of the
correctly measured independent variable to
the sum of the variance of the correctly
mecasured independent variable and the van-
ance of the measurement crror. We have
information (in the form of estimated stan-
dard errors) on the size of the measurement
crror; this size varies through time, and we
can assess movements in the reliability ratio
through time. Reestimating Table 4 where
the independent variable was a time-varying
estimated reliability ratio (thereby down.
weighting inaccurately measured observa-
tions) did not substantially improve the sig-
nificance of the resullts.

Yil1. Conclusion

There is substantial persistence” through
lime in rates of change in indexes of real
housing prices in the cities. A change in real
citywide housing prices in a given year tends
to predict a change in the same direction,
and one-quarter to one-hal( as large in mag-
nitude, the following year. Predictable move-
ments in real interest rates do not appear to

be incorporated in prices. Our experiments
with a variely of assumplions about rental
rates and taxes indicate that citywide alter-
tax excess returns are forecastable.

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

There is little hope of praving definitively
whether the housing market is not eflicient,
We sce no way of obtaining an accurate
historical time-series on unplicit rents of
owner-occupied houses. Available property
tax serics appear to have major deficiencies.
There is not just a single income tax bracket,
so any eflort to model tax effects ruas into
definitiona! problems.

From the standpoint of forecasting crcess
returns of individual houses, such factors
may be of only secondary importance any-
way. The noise in individual housing prices
is 0 great relative to the standard deviation
of changes in citywide indexes that any lore-
castability of individual housing prices due
to forecastability of citywide indexes will
tend to bc swamped out by the noisc. Of
course, this conclusion may nol apply to
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periods of extraordinary price movemcats,
such as have been observed over the last few
years in the northeast United States and in
California.

APPENDIX
Coastructing the Multiple Sales Files

The swuluple sales fles were construcied [rom scveral
basie data sets containing large amounts of information
oa recorded sales of just under a million individual
bousing units between 1970 and 1936 (221,876 Ailanta,
397,183 Chicago, 211,638 Dallas, 121,909 San Fran-
cisco). The San Francisco data were sciually diawn
from the eastern part ol the metropolitan ared including
Oakland, Berkeley, Medmont, Hayward, and the sest of
Alamedas County. The data from the other three cities
were drawa [rom the entire metropolitan areas.

The dats from Atlanta, Chicago, and Dallas, as well
a3 the data (rom belore 1979 (rom San Francisco, were
obtained from the Society of Real Estate Appraisers’
Market Dsta Center in Aldanta. The data from San
Francisco between 1979 and 1986 were obtained from
the California Market Data Cooperative ja Glendale,
California, a licensee of the Sodiety.

The dats In the basic data sets were collecied by
members o the Society, who include many real estate
agents, bank officlals, and appralsers. Whes a tiansac.
toa occurs (at the closing), members All out a Jong dats
sheet and submit it (o the Society. We have 00 informa-
tion, sbowt how representative the membership Is. We
do kpow that the data seem 10 be uniformly distributed
scross esch arca and that they contain a large number
ol both high- and low-priced propertics.

lalormatioa coded {oc each observation includes the
exact stseet address, the sales price, the closing date,
and the type of financiag, as well as between 23 and 40
characteristics of the property depending on the city
snd the time period. Chasscteristics include numcerous
stroctweal and pascel descriptors such a3 number of
rooos, condivon, lot site, and 30 lorth. To complete our
taw dats st 16 scpasatcly coded Rles were merged.

The process of identilylog repeat sales involved sev-
era] steps. First, an exsct match was done on the
sddress felds. Next, properties identified as anything
other than a single-family home, such as a cundo-
minlum or a cooperative wait, were dropped. Third,
palrs were eacluded il twere was evidence that the
structure bad been physically aliered. This was done by
checking the total aumber of rooms, the number o
bedrooms, the iodicated condition, and whether any
roomas bad beea moderulzed.

Tbe condition and modernization varisbles were
recorded differently in the various data sets that had to
be merged. For condition, most used ratings of excel-
ient, good, average, [air, and poor. Because the ratings
were subjective and given by different people, ofien
many years spasi, we decided to ignore small changes.
Thus, & properly that weat [rom good (o average was
retalned. Any unit that indicated s jump of 1wo cate-
gories betweea 1ales, such as s drop from good to falr,
was excluded. All properties listed ja poor conditions in
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cither period were excluded vn the grounds that the rate
of physical deterioration was likely to be high, and that
there could well be unobservable problems rcflccted in
price.

Whether the kitchen of a bathroom had been * mod.
crnized” was also recorded v the forms in a variety of
ways. Records that indicated a8 modernized roum were
flagged, and il a flag appearcd at the Ume of the second
sale but not at the time of the first sale, the revord was
dropped. Ol the total of 39,267 clean pairs, 57 vbserva.
tions appeared (0 be data-entry errors; the two sales
prices differed by a lactor clise 1o 10.
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