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ABSTRACT. We study the persistence and reversion patterns of housing price growth by comput-
ing variance ratios applying Kim’s (2006) Wild bootstrapping and using Finnish data for the period
1987-2010. The momentum effect in housing price growth is found to be long-lasting and substantially
greater in size than the eventual reversion. The results indicate that high-order autocorrelations are
important concerning the long-horizon attractiveness of housing investments and that housing is a
notably riskier asset in the long term than suggested by conventional portfolio analysis. The analysis
further shows that the dynamics vary across regional housing markets and across dwelling types.
The findings have important implications for investors, credit institutions, and policy makers.
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1. INTRODUCTION

The classic results of Samuelson (1969) and Mer-
ton (1969) show that if asset returns are indepen-
dently and identically distributed (i.i.d.), an inves-
tor with a power utility function who rebalances
her portfolio optimally should choose the same
asset allocation regardless of her investment ho-
rizon. However, it has been known for a long time
that housing price movements exhibit notable pre-
dictability. Importantly, more recent research has
shown that predictability in asset returns may
lead to strong horizon effects (e.g. Barberis 2000;
Lynch, Balduzzi 2000; Campbell, Viceira 2002). In
particular, due to mean aversion and mean rever-
sion in asset prices, the relative riskiness of vari-
ous assets and thereby the optimal portfolio allo-
cation are dependent on the planned investment
horizon.

Mean aversion, or “momentum”, implies that
high (low) returns today predict high (low) re-
turns in the relatively close future as well. Mean
reversion, instead, indicates just the opposite. As
greater momentum induces more volatile long-
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term returns, mean-averting assets are less attrac-
tive for a long-term investor than suggested by the
conventionally used short-run volatility measures.

In this study, “momentum” refers to time se-
ries momentum that is related to, but different
from, the typical meaning of “momentum” in the
finance literature. While the momentum literature
focuses on the relative performance of assets in
the cross-section, time series momentum focuses
purely on individual asset’s time series proper-
ties (Moskowitz et al. 2012). The early research on
the time series properties of asset returns (e.g. De
Bondt et al. 1985; Fama, French 1988; Poterba,
Summers 1988) concentrates on financial assets.
Much of the empirical evidence suggests that even
the financial asset returns are not 1.i.d. Pioneering
work regarding the housing market was conducted
by Case and Shiller (1989, 1990). The results by
Case and Shiller (1989, 1990), which implied the
existence of notable short-run persistence in hous-
ing price growth and showed somewhat weaker
evidence of longer-horizon negative serial corre-
lation, have been confirmed by numerous studies
more recently.
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The planned holding period of direct real estate
investments is generally long due to the typical
characteristics of direct real estate assets, such as
relatively low liquidity and high transaction costs.
Collett et al. (2003) find the median realized hold-
ing period for institutional real estate investors to
be generally between 7 and 14 years. Hence, the
horizon effects caused by the time series proper-
ties of asset returns are outstandingly relevant
to investors holding direct real estate assets in
their portfolios. Nevertheless, the empirical lit-
erature regarding the mean reversion and aver-
sion of housing returns typically studies horizons
up to a couple of years at maximum. Moreover,
the magnitude and length of momentum and sub-
sequent reversion may well vary across regional
housing markets and between dwelling types. The
potential regional differences in the horizon effect
can have notable portfolio implications. Therefore,
more research on the long-horizon characteristics
of housing returns is needed.

This paper provides new empirical evidence on
the momentum and reversion patterns of housing
returns, and their variation across regions. Similar
to the recent studies by MacKinnon and Al Zaman
(2009) and Rehring (2012), we investigate the ho-
rizon effects up to investment horizons that are
typical for direct real estate investments. While
most previous related studies employ econometric
models to investigate the persistence in real estate
price movements and cater for relatively short-
term autocorrelation dynamics only (Case, Shiller
1989, 1990; Englund, Ioannides 1997; Capozza
et al. 2004; MacKinnon, Al Zaman 2009; Rehring
2012), this study examines the horizon effects by
computing variance ratio statistics that account
for autocorrelations up to 40 quarters. The com-
puted variance ratios essentially summarize the
autocorrelation patterns and thereby cater for the
potential serial correlation in housing price move-
ments for the whole ten-year lag length, and en-
able a detailed examination of the shapes and du-
rations of momentum and mean reversion as well
as allow easily for comparison between markets.

Given the considerable frictions in the housing
market and the observed highly sluggish adjust-
ment of housing prices to various shocks, it can be
important to consider the high-order autocorrela-
tions when investigating the horizon effects. There
are three previous articles (Gu 2002; Schindler
2013, 2014) that report variance ratio statistics
for housing prices in the U.S. market or the U.K.
market, but these studies account for autocorrela-
tions up to four years at maximum.

The empirical analysis uses quarterly data for
the period 1987-2010 for Finland. Finland pro-
vides an interesting case study, since the market
has shown prominent price cycles during the sam-
ple period, and the country is relatively small and
culturally and economically coherent. Given that
the number of time series observations is rela-
tively small, the Wild bootstrap approach of Kim
(2006) is used to compute the variance ratio statis-
tics and their confidence intervals. This appears to
be the first study on real estate returns using the
bootstrapping approach. As a robustness check,
we also use runs tests to test for non-parametric
persistence in housing prices. The findings from
the runs test are in line with those from variance
ratio analysis.

As expected, the results show that housing
prices do not follow a random walk in any of the
studied housing markets. Instead, momentum in
housing returns is long-lasting and considerable in
size. In the Finnish regional markets, the variance
ratios peak at the 4 to 5 year horizon after which
mean reversion starts. The reversion is substan-
tially weaker than the initial mean aversion. The
observed momentum and reversion patterns are
consistent with sentiment theories of initial under-
reaction and delayed over-reaction of investors.

The empirical observations entail several prac-
tical implications. First, housing is a notably risk-
ler asset in the long term than suggested by vari-
ances computed from quarterly price movements.
Second, since the stock and bond returns do not
exhibit similar strong momentum as returns for
housing, the relative attractiveness of housing
investments is weaker for a long-horizon inves-
tor than suggested by the conventional portfolio
analyses that employ short-term variances and
assume 1.i.d. returns. The results also show that
the horizon effect can substantially vary across
regions and between dwelling types. These differ-
ences influence the optimal housing portfolio al-
location and highlight one more reason why it is
problematic to use country level housing price data
when analyzing the optimal portfolio allocation or
housing price dynamics. Finally, the observed time
series patterns imply that housing prices are pre-
dictable even in the long horizon.

Interestingly, the observed length and size of
momentum are substantially greater than those re-
ported recently in studies using Vector Autoregres-
sive (VAR) model based computations. The VAR
models, which rely on the approach introduced
by Campbell and Viceira (2005), do not account
for potential high-order autocorrelations thereby



222

E. Oikarinen, F. Schindler

assuming that a relatively short lag length can
capture the autocorrelation dynamics. Our find-
ings suggest that higher-order autocorrelations are
likely to be relevant regarding the extent of actual
horizon effects.

The paper proceeds as follows. The next sec-
tion reviews empirical findings on housing market
momentum and mean reversion, and discusses the
potential theoretical explanations for the empiri-
cal findings. The third section presents the data
used in the empirical analysis, while section four
delineates the methodological approach. The em-
pirical variance ratio analysis and runs tests are
conducted in section five after which the study is
concluded.

2. THEORETICAL CONSIDERATIONS AND
PREVIOUS EMPIRICAL FINDINGS

Short-run persistence and long-run mean reversion
in housing price growth has aroused great inter-
est since the empirical findings of Case and Shiller
(1989, 1990). The result of Case and Shiller (1989),
which implied the existence of notable persistence
in housing price growth, has been confirmed by nu-
merous studies since that (e.g. Englund, Ioanni-
des 1997; Capozza et al. 2004; Reed Larsen, Weum
2008; Beracha, Skiba 2011). Similarly, a number
of empirical examinations (e.g. Capozza, Seguin
1996; Englund, Ioannides 1997; Meen 2002; Ca-
pozza et al. 2004; Glaeser, Gyourko 2007) support
the findings of Case and Shiller (1990) that showed
evidence of longer-horizon negative serial correla-
tion in housing price changes. Generally, these in-
vestigations look at short horizons compared with
the actual holding periods of direct real estate in-
vestments.

The more recent studies by MacKinnon and
Al Zaman (2009) and Rehring (2012) use the
Campbell and Viceira (2005) type of VAR models
to investigate the direct real estate momentum
and reversion patterns at long horizons. These
VAR models assume that a relatively short lag
length can capture the autocorrelation dynam-
ics, and do not account for potential high-order
autocorrelations. According to MacKinnon and
Al Zaman (2009), returns to direct real estate in
the U.S. exhibit momentum only up to a couple
of quarters after which the returns are mean re-
verting. Due to the strong mean reversion, real es-
tate returns appear to be less volatile in the long
horizon than in the short run. Similarly, Rehring
(2012) finds that real estate returns exhibit nota-
bly greater long-term reversion than initial short-

term momentum in the U.K. In that study, the use
of an unsmoothed appraisal-based index that does
not show notable autocorrelation in housing price
growth is potentially problematic, as transaction-
based data that do not exhibit appraisal smoothing
have constantly indicated that housing prices are
highly autocorrelated.

According to the conventional rational expecta-
tions stock-flow model of housing markets, after
a shock in the fundamentals housing prices over-
shoot first because of the inability of the housing
stock to respond immediately, i.e., because of the
construction lag. After the single overshot, the
price level gradually adjusts towards its new long-
run level, i.e., mean reverts, as the housing supply
responds to the changed housing price level. This
theory suggests that the price level peaks immedi-
ately after the shock so that short-run mean aver-
sion does not take place. At longer lags, autocor-
relations should be close to zero if the adjustment
process is reasonably fast.

Glaeser and Gyourko (2007) introduce a model
where mean reversion is not only a result of the
construction lag, but also of the mean reversion
in economic shocks to local productivity. While
this model is not able to explain the shorter-term
mean-averting tendency, the liquidity constraints
faced by households together with the positive in-
teraction between housing prices and credit availa-
bility may create self-re-enforcing cycles that cause
mean-averting housing prices in the relatively
short term (Goodhart, Hofmann 2007; Oikarinen
2009a, 2009Db).

Several studies show that housing price growth
is predictable by previous housing price move-
ments even when fundamental variables are in-
cluded in the estimated model (e.g. Case, Shiller
1990; Capozza et al. 2004). Some of these estima-
tions also include credit variables that are likely to
cater for the interaction between credit and hous-
ing prices (Oikarinen 2009a, 2009b). These results
suggest that the short-run persistence in housing
price growth cannot be wholly explained by the
short-term persistence in economic fundamentals
or the interaction between credit availability and
housing prices. However, irrational features are
not necessary to explain even this finding. Given
the heterogeneous product, time-consuming search
processes, and other frictions in the housing mar-
ket, rapid price adjustments may not be rational
(DiPasquale, Wheaton 1994).

In addition to the rational expectations consid-
erations, the literature presents several potential
behavioral features that may cause short-horizon
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persistence in housing price growth!. In particular,
the feedback effect, caused by backward-looking
expectations, can cause momentum in asset prices
(Cutler et al. 1990). If expectations are backward
looking, current rapid housing price growth induc-
es positive expectations regarding future housing
appreciation. These expectations may fulfill them-
selves in the relatively short run. Early empirical
evidence of backward-looking expectations in the
housing market is provided by Case and Shiller
(1989) and Mankiw and Weil (1989), and more re-
cently the existence of backward-looking expecta-
tions has been confirmed by numerous empirical
articles. If backward-looking expectations are as-
sumed, the short-term mean averting tendency of
housing prices can be explained in the context of
the housing market stock-flow model. According to
Black et al. (2006) and Fraser et al. (2008) “mo-
mentum trading”, caused by the feedback effect,
has notably contributed to housing price bubbles
in the U.K. and New Zealand. Similarly, a ten-
dency for investors and households to underreact
to new information, another explanation offered by
the behavioralists, could explain the short-run mo-
mentum (e.g. Daniel et al. 1998). If the full impact
of new important information is only grasped over
a relatively long period of time, housing prices will
exhibit momentum.

Importantly, the feedback effect may also
strengthen the longer-run mean reversal of hous-
ing prices. Because of feedback, prices may sub-
stantially overreact upwards after a positive shock
before the mean reversion starts. Then, the feed-
back effect may cause the price level to overreact
downwards (e.g. Shiller 2003). Indeed, De Bondt
et al. (1985) argue that investors are subject to
waves of optimism and pessimism which may add
to short-run momentum and longer-run mean re-
version.

Short-term mean aversion and long-term mean
reversion have been documented also in the fi-
nancial asset returns (e.g. Fama, French 1988;
Lo, MacKinlay 1988; Cutler et al. 1990; Campbell,
Viceira 2005), although there are no similar struc-
tural reasons (the sluggish adjustment of supply
and high transaction costs, for instance) as in the
housing market. Even regarding the financial asset
returns, it is hard to state with certainty whether
these dynamics imply informational inefficiencies:
the observed time series patterns might be due

I For an overview of the irrational features suggested
and documented in the behavioral finance literature,
see Stracca (2004).

to time-varying expected returns, or the potential
gains from the predictability might not be enough
to overcome the costs of trading (Fama 1991). The
latter is particularly relevant in housing markets
that exhibit large transaction costs and relatively
low liquidity.

Importantly, the magnitude and length of mean
aversion and subsequent reversion may well vary
across regions and between dwelling types because
of informational factors and due to differences in
transaction costs, construction costs, and supply
restrictions (Clapp et al. 1995; Capozza et al. 2004;
Oikarinen 2006; Glaeser et al. 2008). Since the
informational and other factors may induce con-
tradicting forces with respect to momentum and
reversion, it is essentially an empirical question to
study the variation across housing markets. Previ-
ous empirical evidence documents notable regional
differences in the time series patterns of housing
prices (e.g. Case, Shiller 1989, 1990; Malpezzi
1999; Capozza et al. 2004).

The above mentioned studies on housing mar-
ket dynamics typically use data for the U.S. and
are based on econometric models that cater for
relatively short-term autocorrelation dynamics
only. This study, instead, investigates the persis-
tence and reversion dynamics in housing prices by
conducting variance ratio tests and accounting for
autocorrelations up to 40 quarters. Gu (2002) and
Schindler (2013) compute variance ratio statistics
to study housing price momentum and reversion.
Gu (2002), using U.S. data for the 1975-1999 peri-
od, finds that regional housing prices exhibit mean
reversion even in the short horizon and that there
are notable differences in the dynamics across re-
gions. Schindler (2014), in turn, reports substan-
tial mean aversion but no long-term reversion in
the U.K. housing markets. However, these studies
account for autocorrelations up to 3—4 years only.

3. DATA DESCRIPTION

The empirical analysis is based on quarterly he-
donic price indices of privately-financed dwellings
provided by Statistics Finland. The 15 Finnish
cities in our sample incorporate the main growth
centers, including the ten largest cities in popu-
lation, as well as some smaller and more periph-
eral cities such as Rovaniemi in Lapland and the
contracting city of Kajaani with less than 40,000
inhabitants. Since vast majority of the privately-
financed rental housing, i.e., of the free-market in-
vestment housing, are flats, the analysis focuses on
flats. Moreover, the flat data are less complicated
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than single-family housing data due to the more
homogenous and liquid underlying asset, and the
only city for which Statistics Finland publishes a
hedonic price index for single-family housing is the
Helsinki Metropolitan Area (HMA)Z. The flat and
single-family housing data for HMA and for the
whole of Finland are used to compare the momen-
tum and mean reversion patterns between the two
housing types.

The indices cover a period from 1987Q1 to
2010Q4. In this paper, only real indices and re-
turns are used. Hence, the nominal indices are de-
flated by the cost of living index3. Furthermore, log
returns are used throughout the paper.

Only the capital returns are considered in the
analysis, since there are no sufficient regional level
rental price or maintenance cost data at the quar-
terly frequency in Finland. In general, it is the
price growth component that causes the volatility
in housing returns and the rental income is quite
stable over time. Therefore, it is reasonable to as-
sume that the time series patterns of housing re-
turns are driven by price movements. Indeed, data
at annual frequency confirm that the autocorrela-
tion structure (at least up to four lags) is practi-
cally identical between capital returns and total
returns in all the considered markets. Hence, it is
reasonable to use the capital returns to study mo-
mentum and mean reversion in housing returns.

The empirical analysis also includes stock and
bond price data for the Finnish market. The OMX
Helsinki CAP index (OMXHCAP) measures the
stock market performance, while the Datastream
all maturities government bond index is used to
examine the bond return patterns?. Also these in-
dices are in real terms and in the log form. Fig-
ure 1 shows all the indices used in the analysis for
the regional housing markets, and Figure 2 graphs
the country level indices.

The housing price overshot in Finland that fol-
lowed the financial market liberalization in the
end of the 1980s can be well seen in Figure 1. The
overshot was followed by a sharp drop in the hous-

2HMA, as defined here, consists of Helsinki and the
three nearest surrounding municipalities Espoo, Kau-
niainen and Vantaa.

3 Deflation does not notably affect the results.

4 Total return index for bonds is available only since 1995.
The variance ratios differ only slightly between the price
and total return indices over the period from 1995 to
2010. Therefore, the price index that covers a notably
longer sample period, from 1989Q1 to 2010Q4, is used
in the analysis. Similar to housing returns, the volatility
of bond returns generally comes from price movements
while the coupon payments are stable over time.

ing price level that was strengthened by a severe
recession of the Finnish economy. Since the mid
1990s real housing prices have increased substan-
tially all over the country, and the price drop due
to the subprime crisis was only slight and short.

Table 1 presents summary statistics for the real
housing, stock, and bond price changes. Due to the
greater value of land, and thereby greater “land
leverage” (Bostic et al. 2007), the volatility of hous-
ing price changes is expected to be greater in larg-
er and more densely populated cities. However,
the Finnish price indices suggest the volatility to
be the greatest in small cities. This is most likely
due to the relatively thin housing markets in the
smaller cities. For instance, in Seindjoki the aver-
age number of quarterly transactions during the
sample period is 67, while it is over 3,400 in HMA.
Because of the small number of observations per
period in the smaller markets, the hedonic housing
price indices are not able to track the actual price
development as well in these regions as in the
larger cities. In other words, the price indices of
the small markets include more “noise”, 1.e., more
variation that is due to the heterogeneity of hous-
ing rather than due to actual price changes. Simi-
larly, the autocorrelation coefficients are likely to
be substantially downwards biased in the case of
the smaller markets. Therefore, the standard de-
viations and autocorrelations that are reported in
Table 1 are based on Hodrick-Prescott (H-P) fil-
tered housing price indices that should extract, to
a notable extent, the “noise” in the series. These
values are likely to give a better indication of the
relative magnitudes of the volatilities and autocor-
relations across the cities.

It is reasonable to believe that the H-P filtered
series give good approximations of the actual vola-
tilities and autocorrelations. While the smoothing
parameter, lambda, is small enough (0.5) not to
extract the actual short-run dynamics, at least to
a significant magnitude, the filtered return vola-
tilities of the smaller cities are notably lower than
those based on the original series and than those
of the larger cities (as proposed by theory).® This
supports the claim that the high volatility of the
smaller markets in the original data is, at least
to a notable extent, due to additional noise in the
price series. For comparison, the statistics that are
based on the non-filtered data are reported in pa-
rentheses in Table 1.

5> Case and Shiller (1989) suggest that when price indi-
ces are measured with some error, persistence of the
perceived variables is smaller than that of the actual
variables.
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Table 1. Descriptive statistics for the real price changes over the period from 1987 to 2010

Market Trans. vol. Mean S.D. Jarque- 1st order 2nd order
(turnov. %) % % Bera autocorr autocorr
FINLAND
HMA 3,433 (3.6%) 2.7 7.2 (8.1) .07 (.04) .91 (.70) .71 (.51)
Tampere 811 (4.0%) 2.9 6.5 (7.5) .84 (.15) .92 (.61) .74 (.52)
Turku 761 (3.8%) 2.0 6.1 (7.5) .54 (.07) .90 (.47) .72 (.44)
Oulu 341 (3.3%) 2.0 5.1 (6.5) 11 (.22) .88 (.39) .67 (.39)
Jyvaskyla 282 (3.6%) 1.6 5.6 (7.4) .26 (.07) .89 (.30) .71 (42)
Lahti 392 (4.1%) 1.9 6.2 (7.4) .79 (\15) .92 (.57) .75 (.48)
Kuopio 289 (4.1%) 2.0 5.9 (8.0) .11 (.00) .88 (.27) .69 (.33)
Kouvola 123 (3.4%) 0.7 6.1(9.1) .38 (.04) .86 (.11) .66 (.27)
Pori 181 (4.2%) 1.5 5.4 (8.6) .27 (.49) .84 (.02) .63 (.21)
Joensuu 148 (3.1%) 1.9 4.9 (7.4) .53 (.42) .85 (.08) .65 (.24)
Lappeenranta 157 (3.5%) 1.3 5.1 (7.6) .48 (.11) .87 (.07) .68 (.34)
Rovaniemi 111 (3.5%) 1.4 5.5 (8.5) .42 (.02) .84 (.05) .62 (.24)
Vaasa 175 (3.1%) 1.9 4.2 (6.9) .02 (.32) .84 (-.01) .65 (.19)
Seingjoki 67 (3.7%) 1.4 5.8 (9.3) .03 (.00) .81 (-.04) .53 (.29)
Kajaani 85 (3.9%) 1.5 5.0 (8.1) .91 (.14) .83 (-.02) .59 (.29)
Finland 10,441 (3.4%) 2.2 6.1 (6.7) 11 (.16) 92 (.71) 74 (57)
HMA, single-family 98 (0.4%) 1.7 9.1 (19.6) .22 (.68) .68 (—.34) .37 (.22)
Finland, single-family 1,953 (0.1%) 2.3 4.8 (6.2) .07 (.35) .90 (.34) .74 (.35)
Stocks 2.8 22.9 .31 .39 .09
Bonds (1989-2010) -1.0 5.0 .22 .29 .01

Note: The cities are ordered by population in 2010. Mean is the annualized average log change of the price level, S.D is
the annualized standard deviation of the log price change, and Jarque-Bera shows the p-value for the null of normally
distributed price changes in the Jarque-Bera test. The value in the parenthesis is based on non-filtered index, whereas
the value outside the parenthesis is computed from the H-P filtered price index. The table also presents the transaction
volume in each regional market during 1987-2010 and the turnover rate (annual transaction volume / total stock, 2010)
in parentheses. There have been several changes in the administrational geographical boundaries of the cities during
2008-2010. The figures correspond to the city boundaries prior to the changes.

Expectedly, the volatility based on the filtered
series 1s notably greater in HMA than in the other
areas — after all, HMA is by far the largest and
most expensive regional market in Finland and in
HMA land leverage is the highest in the country.
The filtering also substantially changes the auto-
correlation figures in the smaller markets. That
1s, due to the measurement error in the indices,
the original series hide the strong positive autocor-
relation in housing price movements in the small
cities. The filtered price changes generally appear
to be approximately normally distributed. The
large estimated first- and second-order autocorre-
lations, the first-order autocorrelation coefficients
being between 0.81 and 0.92 and the second-order
autocorrelation coefficients between 0.53 and 0.74
across the cities, suggest that there is a strong mo-
mentum effect in housing prices regardless of the
region. As the stock and bond markets do not have
the same asset heterogeneity and market thinness
complications as the housing market, the stock
and bond indices are not filtered.

4. METHODOLOGY

4.1. Variance ratio analysis

This study uses the variance ratio (VR) approach,
suggested by Lo and MacKinlay (1988, 1989), to
examine the time series patterns of asset returns.
The VR statistics investigate the proportionality
of variance of g-period horizon returns with the
variance of one-period returns. For a random walk
series, the variance of g-period returns is q times
the variance of one-period returns. For example,
if an asset price series follows a random walk, the
variance of its one-year returns will be four times
as large as the variance of its quarterly returns.

The null hypothesis in the variance ratio test
is that of a random walk. Under the random walk
hypothesis, a non-predictable random mechanism
generates the behavior of returns. In the simplest
version of a random walk model, the index value in
period t equals the previous index value plus the
realization of a random variable ¢,

L=1,+e, (1)
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where: I, is the natural log of the index and ¢, is a
random disturbance term at time t which satisfies
Ele,] = 0 and E[e.e, ] =0, h # 0 for all t. If the ex-
pected index changes are given by E[AL] = E[e,] =0
the best linear estimator for index I, is the previ-
ous index value I, ;. Under the assumption that
expected index changes p are constant over time,
the random walk model expands to a random walk
with drift (u = drift parameter):
L=I,+pn+eorAl, =p+e,
g, ~11.d.(0, 6?). 2)
The random walk implies uncorrelated price
changes, AL; e, ~ 1.1.d.(0, 0?) denotes that the in-
crements g, are independently and identically dis-
tributed (i.i.d.) with E[e,] = 0 and E[e,?] = 0,2
The traditional random walk tests on the basis
of serial correlation and unit roots are vulnerable
to errors due to autocorrelation induced by non-
synchronous and infrequent trading. A discussion
on this topic with respect to house price indices
with a small sample size can be found in Case and
Shiller (1989). To resolve this shortcoming, Lo and
MacKinlay (1988, 1989) developed tests for ran-
dom walks based on variance ratio estimators.
The variance of the increments of a random
walk is linearly time-dependent. Thus, if the nat-
ural logarithm of index, I, follows a pure random
walk with drift [Equation (2)], the variance of in-
dex changes should increase proportionally to the
observation interval q. Suppose a series of nq + 1
price observations (P, P, Py, ..., an) measured
at uniform intervals is available. If this time se-
ries follows a random walk, the variance of the qth
difference would correspond to q times the vari-
ance of first differences. Following Equations (1)
and (2), the variance of the first differences, de-
noted as 62[1, - I, ;] and &2[5,], respectively, grows
linearly over time so that the variance of the qth
difference is

62[It - IHI] =q- 62[It -1,,41
or
&%[1,()] = q-62[1;] - (3)

For the qth lag in I, where q is any integer
greater than one, the variance ratio, VR(q), is de-
fined as:

VR(q) =

[2[]]_“22[1—) (4)

h=1
where: §2 [] is an unbiased estimator of the vari-
ance. The expected value of VR(q) is one under the
null hypothesis of a random walk for all values of
q. While I, describes the logarithmic price process,
r,(q) is a q period continuously compounded price

change with r (q) =r, + 1 ; + ... + T g1 = I - It_q.
p(n) is the estimator of the hth serial correlation
coefficient. Alternatively, values for VR(q) greater
than one imply mean aversion while values small-
er than one imply mean reversion. Equation (4)
shows that VR(q) is a particular linear combina-
tion of the first h — 1 autocorrelation coefficients
with linearly declining weights. If q behaves like
a random walk, VR(q) = 1 because p(h)=0 for all
h>1 (Campbell et al. 1997).

Under the null hypothesis of a homoscedas-
tic increments random walk, Lo and MacKinlay
(1988) derive an asymptotic standard normal test
statistic for the VR. The standard z-test statistic
1s:

VR(@)-1_ M, (9 *

\/él(Q) \lel(q)

where: § (4) - 222-D@ -1, and 2
3q(nq)
distributional equivalence is asymptotic.

Many time series have time-varying volatilities,
with returns deviating from normality. When in-
dex changes are conditionally heteroscedastic over
time, there may not exist a linear relation over the
observation intervals. Hence, Lo and MacKinlay
(1988) suggest a second test statistic Zy(q) with a
heteroscedasticity-consistent variance estimator

éz((I):

Zy(q) =

Z,(q) = NGO, ®)

denotes that the

VR()-1 _ M,(q) ©6)

. ~N(0,1),
V05(a) \/92(‘1

. . q-1 o 2 N
with 92(Q):2[2(qu)] -8(j) and

1

nq

2 (Iz - It—l _ﬁ)z (It—j -
8(j) =
liE(It - It—l - Q)Z]

t=1

It—j—l - Q)Z

If the null hypothesis is true, the modified het-
eroscedasticity-consistent test statistic in Equation
(6) has an asymptotic standard normal distribu-
tion (Liu, He 1991). The Z,(q)-statistic is robust to
heteroscedasticity as well as to non-normal distur-
bance terms.

To get more observations concerning the long-
horizon returns, we use overlapping returns to
compute the VR statistics. The use of overlapping
returns yields a more efficient estimator and a
more powerful test (Campbell et al. 1997). Since
even the number of overlapping observations is
relatively small, the conventional variance ratio
test can show small sample deficiencies. Therefore,
we report VR test results that are computed by
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the Wild bootstrap method (Kim 2006) with 1,000
replications and a normal error distribution®. The
Wild bootstrap method is based on the heteroscedas-
ticity-consistent test statistic. Variance ratios up to
40 quarters are investigated in this study”.

4.2. Runs test

The often applied autocorrelation and VR tests alike
are based on the assumption of a linear process and
both approaches thus test for linear dependencies by
definition when challenging the random walk hypoth-
esis. The non-parametric runs test, instead, investi-
gates the independence of successive price changes
and does not require normality or a linear process.

A runs test determines whether the total num-
ber of runs in the sample is consistent with the hy-
pothesis that price changes are independent. If the
series of price changes exhibits a greater tendency
of change in one direction, the average run will be
longer and, consequently, the number of runs will
be lower than when generated by a random process.
In the Bernoulli case for a binary random variable,
the total number of runs is referred to as Ny, . and
the total expected number of runs is given by:

E[Ng,ne = 20p(1 —p) + 7% + (1 - p)%, ()

Runs
where: 1 ="Pr(; >0)=® R, p is the expected index
c

change, and ¢ its standard deviation.

For large sample sizes (N > 30), the sampling
distribution of E [Ny ] is approximately normal
and a continuity correction is produced. Based on
the expected index change and the standard devia-
tion, we calculate the standardized Z-value from
the standardized normal distribution.

When the actual number exceeds (falls below)
the expected runs, a positive (negative) Z-value
is obtained. Consequently, a positive (negative)
Z-value indicates negative (positive) serial corre-
lation in the series of index changes.

5. EMPIRICAL FINDINGS

5.1. Finnish regional housing markets

Figure 3 pictures the VR values for flats in each
of the regional housing markets. The vertical axis

6 Kim’s (2006) simulations indicate that the test results
are generally insensitive to the choice of the Wild boot-
strap distribution.

7 Longer-horizon returns are not tested. This is because
the number of observations gets overly small as the ho-
rizon is lengthened and because there are also other dif-
ficulties with inferences when the horizon is large rela-
tive to the total time span (see Campbell et al. 1997).

shows the VR values and the horizontal axis shows
the investment horizon. Clearly, none of the hous-
ing price series follows the random walk. In all
the markets the VR values are statistically signifi-
cantly greater than one at almost all the horizons.
Momentum lasts for a long time period regardless
of the market. Even in Pori, where mean rever-
sion starts the earliest, VR peaks at the 15-quarter
horizon. In Turku and Joensuu, in turn, VR peaks
the latest, i.e., after 22 quarters. That is, the mo-
mentum effect appears to last for approximately 4
to 5 years. The filtering of the price series does not
influence the timing of the peak in the VR curves.

The VR curves reveal notable differences in both
the momentum and reversion dynamics across re-
gions. For instance, while the maximum VR is 7.5
in Joensuu, it is only slightly over half of that in
Seindjoki. In most of the cities the VR curves drop
substantially in the long run after peaking at the
4 to 5 year horizon.

In each city, the filtered price indices naturally
yield greater VRs than the original series. Gener-
ally, the smaller the market, the bigger this “cor-
rection” 1s. The applied H-P filtering appears to
work well in the sense that the maximum VRs do
not significantly correlate with the transaction vol-
umes of the markets. In contrast, there is strong
positive correlation (.67) between transaction vol-
ume and the VRs that are based on the non-filtered
price series, indicating that the index noise in the
small markets diminishes the observed autocorre-
lations — exactly the reason for using the filtered
series in the analysis.

The high variance ratios indicate notable pre-
dictability and horizon effect in housing price
movements: higher (lower) than average returns
today predict higher (lower) than average returns
in the future. As the VRs stay substantially over
one even in the long horizon, housing is a notably
riskier asset in the long term than suggested by
the quarterly or annual variance figures. Even the
smallest observed VR is two at the 40 quarter hori-
zon. The observed substantial momentum effect is
in line with the VR statistics reported by Schindler
(2014) regarding the U.K. housing market, with
the findings of Glaeser and Gyourko (2007) accord-
ing to which momentum lasts for over 3 years in
the U.S. housing market, and with Capozza et al.
(2004) whose estimations show that housing price
overshot peaks at around 4 years after a shock in
the fundamentals in the U.S.

As a robustness check, we conduct runs test to
examine the non-parametric persistence in the re-
gional price series. Table 2 reports the runs test
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Fig. 3. VR curves for flats in the Finnish regional markets

results. The test statistics are high, have a nega-
tive sign and are highly significant. This means
that the number of empirically observed runs is
lower that the number of expected runs under the
random walk hypothesis, which is equivalent to
strong persistence. Thus, in line with the findings
from the VR tests, we find strong persistence in all
the distinct Finnish housing markets.

Previous empirical evidence (Oikarinen 2009a,
2009b) suggests that the financial market liberali-
zation induced a structural change in the housing
price dynamics in Finland in the late 1980s. In
particular, the findings suggest that the interac-

tion between housing prices and the availability of
mortgage finance has notably increased after the
liberalization. Since the interaction between hous-
ing prices and the credit availability may induce
self-reinforcing cycles between housing and credit
markets, the momentum effect may have become
greater and the longer-run mean reversion strong-
er after the deregulation. To investigate whether
this is the case, we conduct VR tests separately
for the 1970Q1-1986Q4 period and the 1987Q1—
2010Q4 period for HMA, Tampere, Turku and
Oulu. For the rest of the cities as long housing
price data are not available. The VR ratio statistics
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Table 2. Results from the runs test

Market Runs Test statistics
actual expected
NRuns E[Runs]

Finland 10 47 —7.23%**
HMA 10 47 —7.20%**
Tampere 9 47 —7.27%*%*
Turku 11 47 —7.10%**
Oulu 14 47 —6.40%**
Jyviaskyla 11 47 —7.13%**
Lahti 12 47 —6.95%**
Kuopio 16 47 —6.08***
Kouvola 14 48 —6.73%**
Pori 22 47 —4.88%**
Joensuu 17 47 —b.T2%**
Lappeenranta 16 47 —6.18%**
Rovaniemi 16 48 —6.19%**
Vaasa 15 46 —5.96%**
Seindjoki 16 47 —6.15%**
Kajaani 25 48 —4.38%**
Stocks 31 48 —3.23%**
Bonds 38 43 -0.96

Notes: The null hypothesis is that of random walk. *** ** and * indicate statistical significance at the 1%, 5%, and 10%
level; critical values for the runs test at the 1%, 5% and 10% significance level are derived from standard normal distribu-
tion. The cities are ordered in the Table by population in 2010: the biggest city is HMA and the smallest one is Kajaani.

do not support the hypothesis of increased momen-
tum and reversion since 1987. On the contrary, it
seems that prior to the financial liberalization mo-
mentum was even stronger and the eventual mean
reversion even greater than during the period from
1987 to 2009. This may imply increase in housing
market efficiency since the late 1980s.

In contrast with the hypothesis that the mar-
kets with greater number of transactions should
be more informationally efficient than the smaller
markets and with the empirical results of Capozza
et al. (2004) regarding the U.S. housing markets,
market size is not positively correlated with more
rapid mean reversion of housing prices in Finland.
Instead, the correlation coefficient between the
length and magnitude of momentum and the mar-
ket size (transaction volume, population) is posi-
tive, though not statistically significant. Moreover,
the correlation between the magnitude of long-
term mean reversion and market size is negative.
Simple correlation analysis also implies that long-
term mean reversion is weaker in the markets
where the momentum lasts longer.

A potential explanation to the apparently posi-
tive relationship between momentum and market
size is the fact that in areas where land is a more

scarce resource housing supply can typically adjust
more slowly to shocks, due to which housing prices
may be more serially correlated. In general, land
is a scarcer resource in the larger and more dense-
ly built areas, such as HMA, than in the smaller
more sparsely built cities.

5.2. Dwelling types: flats vs. single-family
housing

Mean reversion starts earlier in the flat market
than in the single-family housing market; the dif-
ference is approximately one year both in HMA
and the whole of Finland (see Figure 4). The bet-
ter liquidity in the flat market is likely to have
a role in the difference between the dwelling
types, as better liquidity generally yields greater
information flows and informational efficiency.
Also the notably higher transaction costs in the
single-family housing market probably contrib-
ute to the longer duration of momentum in that
market8.

8 In Finland, the transaction tax is as large as 4% for
single-family housing, whereas it was 1.6% for flats at
the end of the sample period.
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Fig. 4. VR curves for flats, single-family housing, stocks and bonds in the whole of Finland

The results differ between HMA and the whole
country regarding the magnitude of momentum,
though. While flats exhibit greater momentum
than single-family housing in HMA, the opposite
holds for the whole country. This is likely to be
due to the fact that a much greater part of the
single-family housing stock than flats is located
in peripheral areas of Finland. The difference be-
tween the estimated magnitudes of momentum
is not statistically significant between the HMA
flat and single-family housing markets, but it
is significant between the markets in the whole
country.

5.3. Asset markets: housing vs. stocks
and bonds

Figure 4 also shows the VR curves for Finnish
stock and bond returns. The stock market exhibits
only slight momentum compared with the hous-
ing market. Moreover, stock prices start to mean
revert much more rapidly than housing prices, and
in the long horizon stock market volatility does not
appear to be any greater than in the short run:
the long-horizon VRs are not significantly differ-
ent from one. In the bond market, mean reversion
starts even faster and, with the exception of the
first three quarters, there is no significant horizon
effect. These results are confirmed by the runs test
which indicates significant persistence in the stock
market in the short run but no persistence in the
bond market (Table 2).

The stronger momentum and weaker long-term
mean reversion in housing prices than in stock
and bond prices may explain, at least partially,

the fact that typically the share of housing (and
real estate in general) in institutional portfolios is
considerably smaller than it should be based on
unconditional portfolio analysis. Nevertheless, the
volatility in housing price growth does not reach
that of stocks even in the long horizon. While the
estimated annualized standard deviation at the
one-quarter investment horizon is 6.2% for country
level flat price movements and 22.9% for stocks,
the corresponding figures at the 10-year horizon
are 13.4% and 20.6% for flats and stocks, respec-
tively. This finding for the Finnish market is in
contrast with the results of MacKinnon and Al Za-
man (2009) for the U.S., based on which real estate
1s as risky as equity for long-term investors.

Mean aversion up to several years in housing
prices could be seen somewhat surprising, since
housing supply typically reacts with a lag of approx-
imately one year after a price shock. However, Di-
Pasquale and Wheaton (1994) argue that, given the
heterogenous product and time-consuming search
in the housing market, rapid price adjustments
may not be rational. It is questionable whether se-
rial correlation up to a 4 to 5 year horizon can be
explained by the market frictions, though. A po-
tential explanation for the strong and long-lasting
mean aversion 1s offered by the feedback theory.
If the “feedback” is not interrupted, it may even
produce a price bubble. The unearned increment in
housing prices is made easier to occur because for
most actors in the market it is almost impossible
to assess the proper fundamental value for a given
dwelling. Even for professional investors the judg-
ment of fundamental value is often hard.
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6. CONCLUSIONS

Extensive empirical literature shows evidence of
substantial short-term momentum and longer-
horizon mean reversion in housing prices. These
time series patterns are of great importance for an
investor holding direct housing assets in her port-
folio, as the investment horizon for real estate is
typically long, and the patterns induce significant
horizon effects that influence the relative riskiness
of assets thereby affecting the optimal portfolio al-
location.

The empirical studies regarding mean reversion
and aversion of housing returns generally investi-
gate horizons up to a couple of years at maximum
and cater for relatively short-term autocorrelation
dynamics only. Due to the potentially substantial
and long-lasting momentum and reversion pat-
terns in housing prices, the typically long holding
period for direct real estate, and to the notable
portfolio implications that asset return autocorre-
lations have, it may be important to consider con-
siderably longer investment horizons and higher-
order autocorrelations.

This paper appears to be the first one on the
theme that caters for the high-order autocorrela-
tion patterns (up to 40 quarters) of housing price
movements. The empirical analysis is based on
variance ratio statistics using both regional and
country-level data for Finland for the period 1987—
2010. The variance ratios, computed using Kim’s
(2006) Wild bootstrapping, essentially summarize
the autocorrelation patterns and thereby account
for the potential serial correlation in housing price
movements up to a ten year horizon, and enable a
detailed examination of the shapes and durations
of momentum and mean reversion in housing re-
turns. To our best knowledge, variance ratio tests
that cater for such long horizon have not been ap-
plied to housing market data previously.

In line with most previous empirical evidence
for other markets, our results show that hous-
ing prices do not follow the random walk model
in any of the considered markets. In the Finn-
ish market, momentum effect in housing price
growth is long-lasting and considerable in size.
Depending on the city, the variance ratios peak
at the horizon of 4 to 5 years after which mean
reversion starts. Since the eventual reversion is
substantially weaker than the shorter-term mean
aversion, housing is a notably riskier asset in the
long term than suggested by the typically report-
ed quarterly or annual variance figures. The find-
ings also indicate that there can be substantial

differences across regional housing markets as
well as between flats and single-family housing:
We observe considerable variation across cities
and housing types in the duration and size of mo-
mentum as well as in the magnitude of long-term
mean reversion. The observed time series prop-
erties are consistent with sentiment theories of
initial under-reaction and delayed over-reaction
of investors and households.

The observed length and size of momentum is
substantially greater that those reported recently
in studies using Vector Autoregressive (VAR) mod-
el based computations. The VAR models assume
that a relatively short lag length can capture the
autocorrelation dynamics. Our findings suggest
that higher-order autocorrelations may well be rel-
evant regarding the extent of actual horizon effects.

The findings have several practical implica-
tions. Since the stock and bond returns do not
exhibit similar strong momentum as housing pric-
es, the relative attractiveness of housing invest-
ments is weaker for a long-horizon investor than
suggested by the unconditional portfolio analy-
ses that employ relatively short-term variances
and assume 1.1.d. returns. This justifies, at least
partly, the relatively small share of direct real
estate investments in institutional portfolios, and
has implications for credit institutions and policy
makers too.

Furthermore, differences in housing price dy-
namics across regions influence the optimal hous-
ing portfolio allocation and highlight one more
reason why it is problematic to use country-level
housing price data when analyzing housing price
dynamics or the optimal portfolio allocation. The
high variance ratios for housing price movements
also indicate significant predictability in housing
returns even in the long run. The predictability
makes the traditional unconditional mean-vari-
ance analysis inefficient both for short- and long-
horizon investors.

In the future, it would be useful to investigate
whether similar regional variation in the momen-
tum and reversion patterns exists in other coun-
tries and to analyze in detail the reasons behind
the regional variation using larger dataset than
the one in this study. Given that Finland is a quite
coherent country with respect to demographics and
culture, the regional differences may well be even
greater in many other countries. Furthermore, it
would be worthwhile to conduct rigorous compari-
sons between VAR model based results, including
the chosen lag length, and variance ratio test in-
dications.
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