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ABSTRACT: There are a number of reasons to assume that significant interdependences
exist between the financial asset markets and the housing market. ldentifying the
linkages between stock, bond and housing markets may improve return forecasts in
different asset markets. Interdependence and predictability of different asset prices is of
importance concerning portfolio diversification and allocation, especially from long-
term investors’ point of view. Furthermore, linkages between asset classes are likely to
have significant policy implications. The purpose of this paper is to study the long- and
short-term dynamic interdependences between stock, bond and housing markets using
time series econometrics and utilizing a quarterly dataset from Finland over 1970-2005.
In addition to short-term dynamics, there also appears to be long-run interrelations
between the asset prices according to cointegration analysis. There is clearly a structural
break in the long-run relationship between stock and housing prices in the early 1990s.
Interaction between the markets seems to have diminished after the break. In line with
the theory and previous research, it is found that stock appreciation Granger caused
housing price changes prior to 1993. Since 1993, in turn, stock appreciation seems to
have Granger caused housing only through a cointegrating long-run relation. Co-
movement of bond price changes with stock and housing appreciation is found to be
weak, although bond prices belong to a long-run relation including also stock and
housing prices.
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1 INTRODUCTION

There are a number of reasons to assume that significant interdependences exist between the
financial asset markets and the housing market. Despite the numerous important implications
that the interrelations between the financial asset markets and the housing market may have on
the economy, research examining these linkages has still been very limited.

It is evident that there are common macroeconomic factors driving the prices of stocks, bonds
and housing. All these asset prices are affected for example by movements in the real interest
rate and in the inflation rate, and thereby by changes in the economic activity as a whole. In
addition, a strong positive relation between stock and housing markets is likely to exist because
both markets are significantly affected by current and expected income. This linkage may have
weakened during the last ten to fifteen years due to the growing influence of international
investors on the national stock markets, however. There are also a number of reasons why
causal linkages between stock, bond and housing price movements may well exist. Some of the
linkages predict positive correlation between the price changes in different asset markets,
whereas some other linkages suggest that there may be negative relations in the relatively short
horizon.

Firstly, appreciation of an asset class has got wealth effects on consumption and investment.
For example, greater wealth due to housing price appreciation leads to increase in consumption
and thus to growth in the general economic activity. Economic activity is further enhanced by
the positive relation between housing prices and construction activity. Growth in the economic
activity, in turn, is likely to strengthen cash flow expectations in the stock market augmenting
demand for equity. Furthermore, as the collateral value of housing increases, the credit
constraints are eased. Therefore, many investors are able to borrow more for investment, which
may strengthen demand especially for stocks. On the other hand, due to the upturn in the
economy real interest rates and the inflation rate may rise, which would lower bond prices and
decrease demand for stocks and housing. Similar process can naturally arise because of
appreciation in stock prices, although recent research implies that the wealth effect of housing
on consumption is greater than that of the stock market (see e.g. Case et al., 2001; Benjamin et
al., 2004).

Secondly, appreciation in one asset class can raise demand for the other assets because of
strategic portfolio allocation. That is, many investors want to hold a certain ratio of one asset to
another asset in their portfolios. If the value of one asset relative to the other asset rises
significantly, the investor has to reallocate his portfolio, i.e. the investor has to sell the asset
that has appreciated relative to the other asset, and buy the other asset. Hence, price increase in
one asset market can diffuse to the other asset markets.

Thirdly, “feedback™ effect can cause negative short-term correlations between different asset
price changes. The feedback effect is caused by typically backward-looking investors. High
returns on an asset in the past augment the backward-looking investor’s expectations of future
returns on the asset. This induces buying pressure on the asset that has performed better than
the other assets in the past, while demand for the other assets may decline. For instance, the
results of Chen (2004) indicate the existence of this kind of phenomenon in the US markets.
For housing demand the influence of the other assets’ returns can be thought to materialize
through the user cost of housing. The expected user cost for housing ownership depends on the
opportunity cost of the capital tied in housing. In general, higher expected returns on financial



assets increase the opportunity cost thereby reducing housing demand. In the long-run,
however, the speculative feedback effect must even out so that stock, bond and housing returns
are likely to correlate positively in the longer horizon.

There are also other reasons why negative short-term relations between returns on different
asset categories may arise. When the investors are scared, i.e. during highly uncertain times,
they look for safety. Hence, they adjust their portfolios to include more safe assets (bonds) and
less risky assets (stocks, housing). Due to this so-called “flight to quality” movement, bond
prices and the prices of the riskier assets may move to opposite directions. Theoretical results
in support of the “flight to quality” thought have been presented e.g. by Barsky (1989).

Also long-term interdependences between the asset markets are possible. There are actually
theoretical reasons to believe that asset prices have long-term interdependence in the sense that
they are cointegrated. According to Bossaerts (1988) asset prices should be cointegrated if the
economy moves close to, but does not attain, the separating equilibrium of the Capital Asset
Pricing Model. Cointegration does not have to hold for example between two single stock price
series, but it should hold between broad asset categories. Furthermore, common
macroeconomic driving forces behind the price formation of different asset categories may
create long-run linkages between different asset prices. Many factors can disturb the expected
cointegration, however. Changing risk premiums and subjective time preferences, long-lasting
irrational expectations about future returns, changes in tax rules as well as market interventions
of the public sector all may change the long-run relations between the asset prices. Moreover,
innovations that increase productivity in some firms or industries but not in some others may
induce structural breaks in the long-run relations between different asset prices. For example,
an innovation that reduces the construction costs of housing significantly is likely to have a
permanent negative effect on housing prices relative to stock prices.

Generally, given that housing market is not as efficient' as the stock and bond markets and the
price adjustment is likely to be more sluggish in the housing market, it is expected that
causality, at least in the Granger sense, runs from the financial assets to the housing market. As
the stock and bond markets are assumed to be more efficient, it is unlikely that such clear lead-
lag relations can be found between these markets using quarterly data like in this study.

All in all, in the short run the correlation between price movements in different asset markets
may be negative or positive, depending on the prevailing economic fundamentals, on the
rationality of the investors and on the length of the observation period. That is, the correlation
coefficient may differ substantially in time and depending on the frequency of the underlying
data. Furthermore, the relationship between housing prices and financial asset prices may be
slightly undermined by the consumption good nature of housing. As housing is a durable good
producing utility to owner-occupiers, its pricing may differ somewhat from the assets that do
not possess such consumption nature.” That is, psychological factors, such as the feeling of
safety, may to some extent weaken the linkages between the financial assets and housing.

' The relatively weak efficiency of the housing market is caused especially by the heterogeneity, low liquidity and
high transaction costs of housing, and by the lack of centralized market place for housing. The absence of
centralized market place, together with the heterogeneity of housing and the thinness of the housing markets,
creates substantial lacks in the available information concerning the housing markets.

? See e.g. Henderson and Ioannides (1983) for a model of housing choice taking account of both consumption
demand and investment demand.



It is of importance to know if there are, indeed, lead-lag relations and long-term equilibrium
relationships between the price movements in different asset markets. This is because the
existence of such linkages has got a number of important implications both to investors and
policy makers.

First of all, a failure to understand and to take account of the linkages between different asset
classes is likely to result in poorer portfolio performance and may lead to a significant
mismeasurement of the portfolio risk especially in the longer horizon. Portfolio analysis based
on high frequency data can give misleading picture concerning the diversification potentials.
For a long-term buy-and-hold investor, such as direct real estate investors in general, even the
use of quarterly correlations can be deceiving due to the lead-lag relations between different
asset categories. If positive lead-lag relations between the asset prices exist, then longer-term
correlations between price movements are larger than shorter-run correlations. This is further
emphasized if asset prices are cointegrated. In the case of negative lead-lag relations, instead,
longer-term diversification gains are likely to be better than implied by short-run correlations.
In addition, investors neglect information that they could use to forecast future asset returns if
they ignore the asset market linkages.

Second, interdependence between different asset markets is of significance for the fiscal and
monetary policy because of its influences on macroeconomic cycles. Housing and equity form
a major part of the household wealth. Hence, declines in stock and housing prices may have
strong wealth effects, leading to significant reduction in consumption, investment and overall
economic activity (see e.g. Case et al., 2001; Benjamin et al., 2004; Campbell and Cocco,
2004). Therefore, positive linkages between stock and housing markets toughen economic
cycles. This phenomenon is reinforced by the fact that simultaneous crash in both markets or
even crash in one market followed by bust in the other market in the relatively close future may
put into trouble even large banks that hold widely diversified portfolios. Thus, if for example
housing price movements tend to follow stock price changes with lag, as suggested by a
number of empirical studies, this should be anticipated and taken account of when doing policy
decisions.

Consequently, it is important to understand the co-movements of different asset prices in order
to be able to make better policy and investment decisions. Therefore, the price linkages
between the Finnish financial markets and housing market are studied in this paper employing
correlation analysis and time series econometrics. Quarterly data is used and the sample period,
1970Q1-2005Q2, is substantially longer than typically used in the previous related studies. The
long-run relations, including the selection of the deterministic variables, are rigorously
identified. This is something that has usually been neglected in the cointegration analyses
studying linkages between different asset classes. Based on the empirical findings the
implications of the asset market interrelations are evaluated. The possible volatility linkages
between the asset markets are out of scope of this article.’

The paper proceeds as follows. The next section reviews past studies that have examined the
interdependences between different asset classes. After this, the data used in the empirical part
is described. The fourth part reports the empirical methodology used in the study. The findings

3 Results of Antell (2004) indicate that the importance of volatility linkages is small in the Finnish markets even
when using weekly data. As quarterly data has to be used if housing is included in the analysis, the significance of
the possible volatility linkages is likely to be negligible.



from the empirical analysis are presented in the fifth section. In the end, the paper is
summarized and conclusions are derived.

2 LITERATURE REVIEW

While there exists a vast body of literature considering the linkages between different regional
markets within a single asset category, there has been less attention towards the
interdependences between different asset classes, especially between housing and financial
assets.

In the earlier studies only contemporaneous correlations between asset returns were typically
studied. More recent research, however, has more often acknowledged the importance of lead-
lag relations between asset returns and even the possibility of cointegration between different
asset prices. The use of contemporaneous return correlations may be misleading and lead to
suboptimal portfolio allocation and policy decisions. This is because dynamic linkages
between the asset prices may greatly strengthen the co-variation between the asset returns in
the longer run. In addition, it is well known today that correlation coefficients between asset
returns exhibit substantial instability over time.*

Although an extensive empirical literature has explored the relationship between stock and
bond returns, little consensus has emerged. For example, while Shiller and Beltratti (1992)
found a strong positive correlation between stock and bond price movements using annual US
data, Campbell and Ammer (1993) document a relatively low average correlation employing
more recent monthly data, and Andersen et al. (2005) report negative correlation with intraday
data. Recently, many studies (e.g. Fleming et al., 1998; Scruggs and Glabadanidis, 2003;
Andersen et al., 2005) have shown that the correlation between stock and bond returns is far
from constant. Nevertheless, empirical evidence implies that contemporaneous correlation
between stock and bond returns is positive in average. It is notable that the findings according
to which the correlation between the markets is greater with less frequent data is in line with
the hypothesis that in the long term there exist tighter dynamic linkages between the markets.

Linkages between Finnish stock and bond markets are studied by Antell (2004). Using weekly
data over 1991-2003 Antell finds that the return correlation between stock and bond markets is
approximately 0.1. Furthermore, Antell estimates a first-order VAR-EGARCH model, which
shows no evidence of lagged dependence between the markets. Antell suggests that the fairly
weak linkages between stock and bond markets may imply that the markets follow their own
dynamics and are dominated by different clienteles.

There is a great deal of research examining the relationship between commercial property and
the stock market, but research on the linkages between the housing and the stock markets has
been limited. Furthermore, co-movement between bond prices and real estate prices has been
studied only rarely.

The findings concerning the co-movement between the commercial real estate market and the
financial markets are mixed, and it has been shown that the correlations vary substantially

* For example Wilson and Zurbruegg (2003) present a review of correlation instability especially between
different real estate returns.



between countries (see Quan and Titman, 1997 and 1999). In most of the studies the real estate
performance is based on property-related securities, such as the real estate investment trusts
(REITs) and stocks of real estate investment companies. In general, papers using real estate
securities have found strong positive correlations between real estate returns and financial asset
returns. Among studies reporting strong contemporaneous relation between securitized real
estate and stock and bond markets are e.g. Giliberto (1990), Gyourko and Kleim (1992),
Eichholtz and Hartzell (1996) and Liu and Mei (1999). On the contrary, weak, sometimes even
negative, contemporaneous correlations between commercial property markets and financial
markets have been reported when data concerning direct real estate has been utilized (see e.g.
Giliberto, 1990; Gyourko and Kleim, 1992; Ling and Naranjo, 1999).

It should be noted that in the short run the performance of real estate securities may be a bad
proxy for the performance of the actual real estate. There is substantial evidence suggesting
that the performance of REITs reflects not only the underlying real estate assets, but also the
advisory and ownership structure of these firms (see e.g. Bradley et al., 1998; Friday et al.,
1999; Capozza and Seguin, 2000). On the other hand, the low observed correlation between
direct real estate and the stock market in many studies may, at least partly, be an artifact of the
data. This is because the real estate data often face the problem of appraisal smoothing due to
the lack of actual transaction data.

The correlation between housing returns and stock returns has been systematically found to be
positive.” Nevertheless, the reported correlations are sufficiently low to imply significant
diversification opportunities. As an exception to the general rule, Hoesli and Hamelink (1997)
report a negative (-.11) correlation coefficient between Geneva housing returns and the Swiss
stock market returns based on annual data. Using annual hedonic housing price indices Hoesli
and Hamelink further found the correlation between returns on housing in Zurich and on Swiss
stock market to be .18. Gyourko and Kleim (1992), in turn, report a monthly correlation of .26
between housing and stock returns in the US. According to Hutchinson (1994) the annual
correlation in the UK markets has been small, only .08. Hutchinson used a short sample of
appraisal based data, however. Relatively large correlation, .44, between excess returns on
stocks and housing in Hong Kong is showed by Fu and Ng (2001). Moreover, in the Finnish
market Kuosmanen (2002) found the correlation to be .37 based on quarterly transaction data.

Contrary to the findings between housing and stock returns, correlation between housing and
bond returns seems to be typically negative. Gyourko and Kleim present monthly correlation of
-.01 but Hoesli and Hamelink, and Hutchinson report substantially larger negative correlations,
from -.26 to -.33 based on annual observations.

Housing series are usually constructed as averages during a period, whereas financial market
return series typically use the values in the end (beginning) of each period. This may somewhat
distort the reported correlation coefficients.

As noticed above, there are numerous papers where correlations between real estate, stock and
bond returns are studied. However, contemporaneous correlations can give a wrong picture
concerning the strength of the linkages between different markets. Fu and Ng (2001), for
example, showed that real estate market inefficiency depresses the correlation between real
estate and financial markets. Furthermore, there may also be reasons other than property

> In general, volatility of housing returns is driven by capital returns. Hence, the correlation coefficients are
similar whether total returns or only capital returns are used.



market inefficiency causing dynamic interdependence between real estate and financial market
returns. Nevertheless, research on the longer-term linkages between real estate prices and
financial asset prices is still relatively scarce.

Most of the studies examining dynamic interrelations between real estate and other asset
categories have used securitized property as the real estate variable. Research by Okunev and
Wilson (1997), Okunev et al. (2000 and 2002) and Glascock et al. (2000)° suggests that the
securitized property markets and the stock markets are not linearly cointegrated. However,
Okunev and Wilson (1997), and Okunev et al. (2000) found evidence of nonlinear
cointegration. In addition, the results of Okunev et al. (2000 and 2002) based on a nonlinear
Granger causality test indicate that stock market returns Granger cause securitized real estate
returns. Between REITs and bonds the results of Glascock et al. (2000) imply that
cointegration existed in 1980-1991 in the US but not after that.

Tuluca et al. (1998), in turn, detected two cointegrating vectors in a US dataset including price
series of direct real estate, indirect real estate, T-bills, long-term bonds and stocks. Similarly,
Chaudhry et al. (1999) found cointegration between direct commercial real estate, stock, bond
and T-bill return indices. Surprisingly, the estimated long-run relation in Chaudhry et al.
implied that stock index has got a negative long-run relationship with the real estate index. The
long-run relation was not identified any further to test if real estate or some other variables
could actually be extracted from the long-run relation.

There are also some studies on the lead-lag relations between housing market and the stock
market, but research analyzing the existence of long-horizon interdependence between housing
and stock prices is still extremely limited. In the Finnish market the existence of a long-term
relationship has been studied by Takala and Pere (1991). Using quarterly data from 1970 to
1990 Takala and Pere found evidence of cointegration between housing and stock prices. Their
results further showed that housing prices adjust by less than 10% per quarter towards the long-
run equilibrium relation. According to Barot and Takala (1998), in turn, stock prices could be
most properly used as a weakly exogenous variable in a trivariate cointegrated system
including also housing prices and private consumption deflator using both Finnish and Swedish
data. Furthermore, Barot and Takala note that stock prices seem to have a rather minimal effect
on the long-run equilibrium relation.

Consistent with the theory, the results typically imply that stock returns lead housing market
returns. Granger causality from the stock market to the housing market, but not the other way
around, is reported by Wilson et al. (1996) employing data from US, UK and Australia, Chen
(2001) using data from Taiwan, and Takala and Pere (1991) and Kuosmanen (2002) regarding
the Finnish asset markets. Leading role of the stock market with respect to the housing market
is implied also by Borio and McGuire (2004). They show that there is a tendency for peaks in
the equity prices to precede peaks in the housing prices. The lag is typically several quarters.
Furthermore, employing annual panel data including 130 metropolitan areas across the US, Jud
and Winkler (2002) found that real stock market appreciation has got a strong current and
lagged effect on the growth of real housing prices. They estimated the full effect of a one
percent increase in stock prices on housing price appreciation to be .17%. In contrast with the
other results are the findings of Fu and Ng (2001), which indicate that in the Hong Kong

% Glascock et al. (2000) claim that the results imply cointegration between REIT return index and S&P 500 index
at the 10% significance level. However, wrong critical values are used in the analysis.



market excess returns in the housing market has got predictive power for stock market excess
returns but not vice versa.

To summarize, there are numerous papers where correlations or dynamic interdependences
between returns on real estate, stocks and bonds are studied. However, research on the
linkages, especially on long-term interrelations, between housing market and financial asset
markets is still very limited. Furthermore, in all the papers mentioned above that have studied
the existence of cointegration between different asset markets, the possibility of a need of a
deterministic trend term in the long-run equilibrium relation has been neglected. Thus, there
may actually exist substantially stronger dynamic interdependences between different asset
markets than implied by the previous literature. Because of the importance of the deterministic
variables in the cointegration tests, the model specification is considered more rigorously in
this paper.

3 DATA

The data used to study the linkages between the stock, bond and housing markets includes
quarterly time series of several different variables. The asset price series are as follows:

- Housing prices index (H)
- Stock price index (S)
- Government bond price index (B)

In addition, there are a number of control variables incorporated in the empirical analysis:

- Inflation rate (p)

- Twelve month Euribor (IR)

- Commercial bank lending rate (L)

- Deductibility of interest payments on housing loans in taxation (T)

- Construction cost index (C)

- Gross domestic product (GDP)

- Share of foreign ownership of the total market value of Helsinki Stock Exchange (F)

It is only price indices of housing, stocks and bonds that are incorporated in the empirical
analysis, since it is the linkages between different asset prices, not between total returns, that
are of interest in the study. The stock and housing price indices cover 1970Q1-2005Q2,
whereas the bond data exists only from 1989Q1 onwards.

The control variables are added to the analysis, since they may affect the possible long-run
relations between the asset prices. Hence, some of these variables might be needed in the tested
models in order to find a cointegrating relation that includes the asset prices. In particular,
variables such as C and T may “disturb” the relation between housing prices and the other asset
prices and therefore may have to be controlled for. Moreover, even if the control variables do
not influence the detection of the long-run relations they may exhibit important information
concerning short-run dynamics of the asset prices. All the control variables except for L and IR
cover a period from 1970Q1 to 2005Q2. L and IR series start from 1971Q4 and 1987Ql1,
respectively.



When analyzing the interdependence between stocks and housing, the series included in the
analysis are indexed with the value being 100 in 1970Q1. Similarly, when bonds are included
in the analysis all the series have the value of 100 in 1989Q1. T, L, IR and F are not indexed,
however. Furthermore, natural logarithms are taken from all the indexed series. Both nominal
and real values are employed in the study. Nominal values are deflated by the cost of living
index (cli) to get real variables. Real variables are denoted by capital letters, while nominal
values are indicated by lower case letters.

The housing price index represents housing price development in the whole country. Ideally, a
quality-adjusted housing price index should be used. Unfortunately, such index exists starting
only from 1987. Therefore, an average sales price (per square meter) index and a hedonic price
index are joined to have a substantially longer sample period, i.e. series starting from 1970Q1.
It is reasonable to believe that the price movements displayed by the average sales prices from
1970 to 1986 do not differ significantly from the true price development. The housing price
statistics are published by Statistics Finland and both indices are based on transactions of
privately financed® flats in the secondary market.

The stock price index consists of the Unitas index until 1986Q4 and of the Hex index from
1987Q1 forward. Both indices describe the price movements of the publicly traded stocks in
the Helsinki Stock Exchange (HEX). The bond price series, in turn, is the total all lives Finnish
government bond price index from Datastream.

The market interest rate variable, IR, is the twelve month Helibor until 1998Q4 and the
corresponding Euribor after that. Because the IR variable exists only starting from the late
1980s also the average lending interest rate of deposit banks in Finland concerning the whole
outstanding loan stock (L) is included in the dataset.” The GDP data is readily deflated and
seasonally adjusted. GDP series is based on the OECD Economic Outlook data provided by
Datastream. The national construction cost index, in turn, is reported by Statistics Finland.
Finally, quarterly values of the share of foreign ownership of the total market value of (HEX),
covering 1994Q-2005Q2, have been received from the Finnish Central Securities Depository.
For the 1980Q4-1993Q4 period the foreign ownership data derived by Ali-Yrkko and Yla-
Anttila (2003) has been used. The pre 1994 data is annual. Quarterly values have been
estimated by linear interpolation.

Note that quarterly values of the asset price series represent the arithmetic average of all the
perceived values during the quarter. H is like this by construction. For S and B series, in turn,
the quarterly figures are counted as arithmetic averages of the perceived daily values. This has
been done in order to get more comparable series. Also the interest rate series represent

7 Another option would have been to use the average sales price index throughout the sample period. It is better to
use quality-adjusted index for part of the sample period than not to use it at all, however. In any case, there is no
significant difference between the average sales price series and the hedonic index series: correlation is .94 even
between the differences of the two series.

¥ In Finland the housing market is divided into two sectors. Privately financed housing can be bought and sold at
market prices without any restrictions. This sector covers approximately 80 percent of the market. In the publicly
regulated sector, instead, selling prices and rental prices are controlled.

? Due to the regulations laid down by the European Central Bank the compilation of average lending interest rate
statistics include also lending from other credit institutions starting from 2003. Because of this there is
approximately a 0.3 percentage-point increase in the average rate since 2003. Therefore, 0.3 percentage-points are
decreased from the figures starting from 2003Q1.



quarterly averages. Figure 1 exhibits the asset price indices together with some of the control
variables.
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Figure 1 Asset price indices (in natural logarithms) and some control variables

The dramatic rise since 1986 in stock prices and, a little bit later, in housing prices was largely
a consequence of the financial market liberalization in the late 1980s that was followed by a
boom in bank lending. Both housing and stock prices started to fall during 1989 and both
markets finally collapsed at the beginning of the 1990s. Real stock prices dropped by over 70%
from 1989Q2 to 1992Q3 and real housing prices by 50% from 1989Q1 to 1993Q1.

Another stock market bubble took place in the late 1990s. Stock price index climbed rapidly
mainly due to a boom in the IT industry. Expectations were overly optimistic and finally the
bubble burst in the beginning of the 21st century. That time the boom-bust cycle in the stock
market was not joined by the housing market. Since 1996 housing prices have increased
relatively steadily and the real housing price level is over 80% percent higher in 2005Q2 than
in 1995Q4.

Expectedly, there are no large swings in the bond price index. Contrary to housing and stock
prices, visual inspection does not show evident co-movement between bond prices and the
other price series. Co-movement between housing and stocks, either, is hard to see after the
early 1990s.

Descriptive statistics concerning the differenced real and nominal series in the asset prices are
presented in Table 1. For the stock and housing series the statistics are presented also

separately for pre-1989 period and from 1989 onwards. This is because the bond series starts at
1989Q1.
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Table 1 Descriptive statistics of the differenced price series
Geometric mean Standard Jarque-Bera 1% order™
Nominal series (annualised) deviation (p-value) autocorrelation

(annualised)

Housing .072 .064 .000 653%*
Housing -1988 117 .054 .000 A456%*
Housing 1989- .016 .063 .077 J122%*
Stocks 123 230 .041 355%*
Stocks -1988 .159 .160 167 A73%*
Stocks 1989- .080 293 987 311*
Bonds .011 .051 .055 253%
Real series

Housing .014 .063 .010 .607%*
Housing -1988 .026 .058 .001 461%*
Housing 1989- -.004 .066 .085 T41%*
Stocks .063 234 .184 377**
Stocks -1988 .065 .169 212 S518%*
Stocks 1989- .059 294 .994 325%*
Bonds -.009 .057 .047 238

The descriptive statistics confirm what was already seen in Figure 1. Stock prices have been
much more volatile and have risen substantially faster than housing prices. Housing prices, in
turn, have been more volatile and risen more than the bond prices since 1989, even though
housing prices were lower in real terms in 2005Q2 than in 1989. In the whole sample period
housing prices have expectedly increased faster than the cost of living index.

Normality of many of the differenced series is rejected. In most of the cases the rejection is due
to excess kurtosis. The real series seem to be closer to normal distribution than the
corresponding nominal series. Furthermore, all the asset price changes are highly
autocorrelated. In all the series except for the real bond price changes the first-order
autocorrelation is significant at the 5% level. Also the first-order autocorrelation of the real
bond appreciation is significant at the 6% level. Real housing price movements are highly
autocorrelated up to four lags. Autocorrelation in housing price changes has been even more
pronounced after the financial deregulation than before it. For stock price appreciation, instead,
the serial correlation was somewhat higher before 1989. Autocorrelation of the differenced
bond series is notably smaller than that of the differenced stock and housing price series, and
the second-order autocorrelation is already negative.

Both nominal and real bond price changes exhibit seasonal variation. Furthermore, stock and
housing price movements had seasonal variation prior to 1989. Seasonal variation in stock and
housing price appreciation seems to have vanished after the financial liberalization. None of
the series is seasonally adjusted, however. Instead, seasonal dummies are included in the tests
and models if necessary.

It is probable that there have been structural breaks in the asset price dynamics during the
sample period. Firstly, the financial market liberalization may have caused a structural change

1% and ** denote for statistical significance at the 5% and 1% level, respectively.
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in the relationship between the perceived stock and housing series. Secondly, the rental market
was regulated in Finland for a long period. Rent regulation was finally released in several
stages during 1992-95. Thirdly, there have been changes in the deductibility of interest
payments on mortgages. Furthermore, from the beginning of 1993 foreigners were allowed to
freely invest in Finnish securities.

Changes in the deductibility of mortgage interest payments may have influenced significantly
the relative prices between housing and financial assets.'' Hence, a deductibility variable (T) is
also included in the analysis. Until 1992 the interest payments were deductible in income
taxation. Thus, the after-tax interest rate was determined by marginal income tax rate. Since the
tax reform in 1993, instead, a taxpayer can in practice deduct the interest expenditure
multiplied by the capital income tax rate from her taxes. The capital income tax rate, which has
varied between 25% and 29%'2, has been substantially lower than the average marginal income
tax rate increasing the after-tax interest rates on housing loans. Capital gains on owner-
occupied dwellings have been practically tax-exempt during the whole sample period.

The abolition of foreign ownership restrictions increased foreign ownership considerably in the
Finnish stock market (Booth et al. 1997). Kallunki and Martikainen (1997) point out the
tremendous effect of the liberalization during the early 1990s on the behavior of the Finnish
stock market. Also according to Antell (2004) the effect of global forces on stock prices in
HEX has been greater after the deregulation in 1993. One might actually state that HEX and
Finnish government bonds are nowadays part of the global financial markets. Global factors
naturally have an effect also on housing prices but to a substantially smaller extent. This is
because of the local nature of housing markets. Therefore, the effect of foreign investors on
asset prices may have transformed the links between different asset markets.

Indeed, since the beginning of 1993 stock price curve starts to diverge from the housing price
index. This is probably a consequence of both the decrease in the deductibility of interest
payments on mortgages and of the activity of foreign investors in the stock market. Figure 1
shows that since 1993 co-movement between F and S has been remarkable. Quarterly
correlation between F and S is .93 and even correlation between the differenced series is .62."

There may be a number of reasons why the abolition of foreign ownership restrictions may
have caused the parting of the paths of H and S. Compared to Finnish investors, foreign
investors’ required returns may have been lower or expectations concerning future dividends
higher, or both. Especially after the sharp drop in stock prices during 1989-1992 Finnish
investors were extremely cautious and Finnish stocks may have been undervalued. Moreover,
the number of active market participants increased leading to a rise in the number of trades in
the market, which enhanced stock market liquidity. Better liquidity, in turn, is likely to lower
required returns on stocks.

! Findings of Koskela et al. (1992) indicate that rising marginal tax rate increased housing prices by raising the
deductibility of mortgage interest payments and thereby increasing the rate of return on housing in the 1970s and
80s.

"2 For the first-time dwelling-buyers the deduction rate has been 30 percent.

5 According to the Johansen test F and S are also cointegrated. Based on quarterly data AF does not seem to
Granger cause AS, though. However, AF clearly Granger causes AS if monthly data is employed.
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In addition to changes in T and F, the rise of the Finnish economy from the extremely severe
recession may have strengthened the separation of the stock and housing series. More recently
the divergence between stock and housing prices was augmented by the rise of the IT stocks.

After all, it is natural that stock appreciation is faster than housing price growth. Stock market
returns, in general, are more volatile than returns on housing. This means that returns on stocks
should exceed housing returns in the long run. As stock market dividend yield is typically
smaller than housing market “dividend” (rental income minus maintenance costs) yield, stock
prices must grow faster than housing prices.

4 METHODOLOGY

Empirical methodology in this paper includes correlation analysis as well as time series
econometrics. Correlation analysis is conducted at the beginning of the empirical section. Its
purpose is to give a preliminary view concerning interdependences between the asset prices.
Correlation coefficients employing different observation windows are calculated. In addition,
cross-autocorrelations between the variables are analyzed.

More rigorous examination of the linkages between different asset categories is conducted by
employing cointegration tests and by estimating cointegrated vector autoregressive (CVAR)
models.

First, augmented Dickey-Fuller (ADF) test is used to study the order of integration of the
variables. The number of lags included in the ADF tests is decided based on the general-to-
specific method. A constant term is included in the ADF test if the series clearly seems to be
trending or if the ADF test without the constant term suggests that the series is exploding. In
addition, three seasonal dummies are added to the test if Akaike Information Criteria (AIC)
recommend it. In some cases it is seen worthwhile to study the existence of a unit root further
by employing the Phillips-Perron (PP) unit root test or the KPSS test in which stationarity is
the null hypothesis.

The existence of cointegration between variables which are integrated of order one [I(1)], i.e.
whose levels are non-stationary but first differences are stationary, is tested employing the
Johansen Trace and A-max tests for cointegration. The lack of cointegration implies that
dynamics between the series are only short-run in nature. The existence of one or more
cointegrating vectors between the variables, instead, indicates that also long-run
interdependence exists. In other words, cointegration implies that there is at least one stationary
long-run relation between the variables.

In the Johansen tests two possible CVAR models are considered:

MOdel 1: AXt =u + F]AXt_] + ...+ Fk—lAXt—k'H + O(,B’Xt_l + lP])t + &t (1)

Model 2: AXt =u + FIAXt—l + ...+ Fk-]AXt_k+1 + O(,(B’, Bl)(X’t—la t), + lPDt + Et, (2)

where AX; is X; - X1, X; is a p-dimensional vector of the stochastic variables, t=1,...,T, pis a
vector of drift terms, I'; is p X p matrix of coefficients for the lagged differences of the
endogenous variables at lag i, k is the maximum lag, i.e. the number of lags included in the
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corresponding vector autoregressive (VAR) model, a is a p x r (full rank) matrix of the speed
of adjustment parameters, §* is a p x r (full rank) matrix, ; is a r-dimensional coefficient
vector and € is a vector of error terms. Furthermore, three centered seasonal dummies are
included in D if recommended by the Hannan-Quinn information criteria (HQ). The inclusion
of centered seasonal dummies does not influence the critical values (Johansen, 1996). Also
some intervention dummies are often included in D. In this study, however, the inclusion of
intervention dummies has not been seen necessary. W is the coefficient vector for the dummy
variables. Finally, r is the cointegration rank, i.e. the number of cointegrating vectors.

The difference between the models is that in Model 2 a deterministic time trend (t) is included
in the cointegration space, i.e. in the long-run equilibrium relationship. If one of the variables
included in the test grows faster than another, time trend might be needed in the long-run
relation. Differences in the growth rates may occur, for instance, if the risk premium is not the
same for all asset categories and the average price appreciation in the long run is consequently
larger in one market than in another market. If the growth rates differ but the trend term is not
included in the tested model, it is possible that cointegration is not found even if it actually
exists. This fact has been usually neglected in the previous literature, however.

It is only the models with unrestricted constant that are considered, because a priori
assumption is that at least one variable in each of the tests exhibits a growing trend. If both
models seem to be valid options, Model 2 is used as suggested by Doornik et al. (1998).'* If,
however, the trend term can clearly be excluded from the cointegration space according to
Likelihood Ratio (LR) test (see Johansen, 1996), the number of cointegrating relations is tested
based on Model 1.

The maximum lag is selected so that HQ is as small as possible and the residuals in the CVAR
model do not exhibit significant serial correlation based on the LM(1) and LM(4) tests. The
LM tests are conducted on residuals in the unrestricted model, i.e. in the model where r is set to
equal p, as recommended by Hansen and Juselius (1995).

The selection of the number of cointegrating vectors in a particular model is done by
comparing the Trace and A-max statistics with the quantiles reported by Osterwald-Lenum
(1992). The relatively small number of observations may cause size distortions in the Johansen
tests. Hence, also small-sample corrected critical values are reported based on the finite-sample
correction suggested by Reinsel and Ahn (1992). It must be noted, however, that the small-
sample correction need not work well and often over-corrects (see e.g. Doornik et al., 1998).
Furthermore, the Johansen test may also involve power problems that may be exacerbated by
the small-sample correction. Therefore, the small-sample corrected values should be
considered cautiously.

The LR test described in Johansen (1996) is employed to identify the cointegrating relations.
Identification is conducted by testing if one or more variables can be excluded from the long-
run relation, i.e. by testing if one or more of the coefficients in the B-vector can be set to equal
zero. The LR test is also used to test the weak exogeneity of the variables.

'* According to a Monte Carlo analysis conducted by Doornik et al. (1998) adopting a model with a trend in the
cointegration space has low cost even when the data generating process does not actually have one. The cost of
excluding the trend term when there should be one is markedly larger.
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If “control variables” that are assumed not to enter the possible long-run relations are included
in the cointegration test, the testing of the number of cointegrating vectors is done as proposed
by Rahbek and Mosconi (1999). In the case where one or more variables is restricted to be
weakly exogenous so that they do not adjust to the long-run equilibrium, the methodology and
asymptotic tables presented in Harbo et al. (1998) are applied. Then the number of
cointegrating relations in the partial model, i.e. in a model including weakly exogenous
variables, is tested based on the following CVAR model:

Model 3: AXt =u + FIAXH + ...+ Fk—lAXt-kﬂ + YIAZt—l + ...+ Yk—lAZt—k+1 +

a(Bx’s P)X w1, ) + aPz Zey + WD, + &, (3)

where Z; is a vector of the weakly exogenous stochastic variables in period t and o(Bx’, B1)(X’+
1, 1) + afz Zii forms the long-run equilibrium relationships.

The stability of the number of cointegrating relations and the stability of the cointegration
space are checked employing the recursive analysis suggested in Hansen and Johansen (1992).
Recursive estimation is implemented by the statistical program CATS in RATS.

If cointegration between the variables is found, CVAR model is estimated to study the
dynamics between the variables. Equilibrium-error (EQE), i.e. deviation from the long-run
relation, is included in the model due to the fact that important information concerning long-
run dynamics is lost if only differenced variables are used in the analysis. The number of lags
(n) as well as the additional “control variables” included in the CVAR models are decided
based on the LR test using Sim’s correction for small samples.

It has to be noted that many of the parameter estimates in the models reported are not
significant in the commonly used significance levels. The goal is to find the important
interrelationships between the variables and not the significant parameters. Furthermore, the
relatively small number of degrees of freedom together with multicollinearity of the
explanatory variables is likely to lead to higher p-values.

Granger causality (GC) is tested'’ by a standard F-test to further study the linkages between
different variables. With cointegrated variables GC can run also through the long-run
equilibrium relation. Cointegration implies that the stationary EQE should Granger-cause at
least one of the cointegrated variables (Engle and Granger, 1987). Hence, also EQE must be
included in the GC test. In cointegrated data GC tests are done using the following model:

n n
AXt = l.,l, + ZAXH + zet_j + Dt + &t (4)

j=1 j=1

If cointegration is not present, the lagged equilibrium-errors, e, are naturally not present in the
GC test. Lagged EQEs are not included as explanatory factors for the variables that do not
belong to the long-run relation.

Finally, innovation accounting, i.e. impulse response analysis and variance decomposition, is
conducted employing the Choleski decomposition. Innovation accounting is based on vector

> Actually the test is Granger non-causality test, since the null hypothesis is that of no causality.
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autoregressive (VAR) models including differenced series and an equal number of lags to the
corresponding CVAR model.

Note that a finding that x Granger-causes y does not necessarily imply that x causes y. It
merely means that current and historical observations of x are statistically significant in
predicting future value of y. From now on, when causality is mentioned in the text it refers to
Granger causality.

5 EMPIRICAL FINDINGS

5.1 Correlation analysis

As mentioned earlier, correlation coefficients between asset returns often exhibit temporal
instability and are dependent on the length of the observation window. Nevertheless,
correlation analysis can be helpful as a preliminary analysis when studying interrelations and
diversification potentials between different assets. One can get useful insight into the linkages
between the asset markets by comparing correlations in different time periods and correlations
calculated using different observation windows and especially by studying cross-
autocorrelations. Table 2 presents the correlations between the differenced price and Euribor
series using quarterly, annual and biannual changes. To get a sufficient number of
observations, annual and biannual figures have been calculated using overlapping observation
windows.



Table 2

Correlations between stock, bond and housing price appreciation, and inflation and interest rate movements
CORRELATIONS OF NOMINAL CHANGES CORRELATIONS OF REAL CHANGES
A 2 i 2p % 2 e A 2 A 0 % & <
12 2 »n é % 2 M »n 2 2 é % 2 [aa)

Quarterly

Housing 345%* .392%%*

Inflation 130 .176%* .093 .049
Housing -88 253* A403%**
Inflation -88 039 238* -019 058
Housing 89- 394 398+

Bond 89- 058 -.079 071 076
Euribor 89- -.255% -056  -.669%* -306%  -.028 222
Inflation 89- 252% 089 -347%* 233 006 -.569%*

Annual

Housing A470%* 558%*

Inflation 232%%  326%* 210% 290%*
Housing -88 406%** .621%%*
Inflation-88 194 387 d61%%  310%*
Housing 89- S530%** 553

Bond 89- 010 -123 114 077
Euribor 89- -.154 088 -.866%* S476%% - 269% - 369%*
Inflation 89- A00%*  359%k 4] ]** 399%k  349%k 341

Biannual

Housing AT74%% S582%*

Inflation 356%*%  409%* 323%* 376%*
Housing -88 543%* .806**
Inflation-88 350%* . 493%* 204%  386%*
Housing 89- S01** 529%*

Bond 89- -.084 -232 093 .084
Euribor 89- -.082 287%  -848%* S546%% . 242 - 439%*
Inflation 89- 568%*%  495%*  _33)% 568%*%  485%%  _198
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Correlations, expectedly, vary between different periods and between data at different
frequencies. Instead, with a few exceptions nominal and real figures differ only little from each
other.

All the coefficients between housing and stocks are statistically significant. Furthermore, The
exhibited correlations between stock and housing appreciation are somewhat greater than
typically reported in the previous literature. Nevertheless, the correlation figures imply that
substantial diversification benefits can be gained by including stocks in a housing portfolio or
vice versa. The real appreciation correlations are around 0.5 after the end of the 1980s, which
is notably less than, for example, the housing appreciation correlations between regional
housing markets in Finland.'®

The longer the observation period is the larger is the correlation between stock and housing
price movements, both in the nominal and in the real terms. This indicates that some kind of
lead-lag relation exists between stock and housing markets. Correlation between stock and
housing price movements grows fast when the observation period is lengthened from one to
three quarters and keeps growing still, albeit slower, as the window 1is further extended. This
can be seen from Figure 2. The Figure also clearly shows that stock and housing markets have
been substantially less tightly linked since 1993.
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Figure 2 Correlation between stock and housing appreciation

The linkages between the bond markets and the other two asset markets are weak according to
the reported contemporaneous correlations. There seems to be a slight positive interrelation
between the real price movements but all the correlations are statistically insignificant.

Correlations between movements in the inflation rate and stock and housing appreciation are
surprisingly large. The figures, except for one, are positive and usually statistically significant.
A major reason for this is that the nominal interest rate seems to respond only faintly to

' Annual correlations between regional housing markets in Finland have been typically around 0.9 (see Oikarinen
and Asposalo, 2004; Oikarinen, 2005a).
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changes in the inflation rate. Rise in the inflation rate probably signifies upturn in the economic
activity which, in turn, raises demand for stock and housing. The correlations between inflation
rate movements and stock and housing appreciation get larger as the horizon is lengthened.
Bond prices, instead, are expectedly adversely affected by a rise in the inflation rate.
Furthermore, the figures imply that after the financial deregulation stock appreciation
correlates more strongly and housing appreciation more weakly with changes in inflation.

Finally, real housing prices seem to react to the changes in the real interest rate sluggishly — the
correlation gets notably larger in absolute value as the observation window is lengthened from

one quarter. This is in line with the recent findings by Oikarinen (2005b) based on a CVAR
model.

It has often been noticed that interaction between the asset categories are greater during crisis
periods. For example Andersen et al. (2005), employing intraday data, found that during
expansion the stock-bond correlations are positive albeit small, whereas they are strong and
negative during recession. Similarly, the quarterly data used in this study suggests that the
correlations between bonds and the other assets were somewhat greater during the deep
recession in Finland in the early 1990s. This is probably due to large swings in the interest
rates during the period.

Cross-autocorrelations up to four lags are reported in Table 3. The variable mentioned on the

left side is the lagged variable. For example the figure .467 top left shows the correlation
between current housing price appreciation and last periods’ stock price growth.

Table 3 Cross-autocorrelations of quarterly changes in 1989Q1-2005Q2%’

1 2 3 4 1 2 3 4
NOMINAL VARIABLES
s—h AQTHxE - 220% 167 137 h-s 194 154 159 -.034
s—b -.120 -.138 -.093 -.166 b-s 161 -.008 123 .100
h-b =272 -177 -.220% -.262% b-h 116 .230%* .064 164
s—ir .080 246%* 132 130 ir—s -177 -.065 -.250%* - 223%
s—p -.020 -.036 .062 167 p—s .026 -.090 .050 172
h—ir 293%* A13Fxx - 319%kx 306**F*  ir—h -.237* -.139 -.129 -.256%*
h-p .058 -.042 174 .008 p—h .186 -.107 011 .106
b—ir -306%*  -.073 -.024 A11 ir-b -.240* .002 .093 24 5%
b—p 301%* 115 -.154 -.187 p—b -.164 .028 .240* .049
REAL VARIABLES
S—-H A60%Fx - 248%* 181 122 H-S .249%* 212%* 183 .009
S-B -.090 -.104 -.076 -.171 B-S 217* .060 152 .149
H-B -.187 -.124 -.192 -.201* B-H 192 .300%* 158 272%*
S-1R .027 .097 -.020 -.115 IR-S -.076 .080 -.124 -.209%
S-p .004 -.029 .055 162 p-S .022 -.081 .060 .160
H-1IR -.078 115 -.041 112 IR-H -.228%* .023 -.080 -.124
H-p 162 011 136 -.012 p—H 156 -.060 .056 .052
B-1IR -472%*% - 161 .168 228%** IR-B .084 -.067 -211% .065
B-p 395%** 137 -.172 -.191 p— -.171 .072 269%* -.013

17 Unlike in the other tables, *, ** and *** denote for statistical significance at the 10%, 5% and 1% level,
respectively.
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It is evident from Tables 2 and 3 and Figure 2 that the contemporaneous quarterly correlations
give inadequate picture concerning the linkages between different asset prices. Particularly the
links between housing price growth and stock appreciation seem to be tight. In fact, the
correlation between current housing price change and one quarter lagged stock price growth is
larger than the contemporaneous quarterly correlation between housing and stock appreciation.

There are significant cross-autocorrelations also between bond and stock price movements and
especially between the bond and housing price changes. In many cases the cross-
autocorrelations are bigger than the corresponding contemporaneous correlations. The negative
coefficients of the bond market on lagged price changes in the stock and housing markets is
probably due to the positive effect of stock and housing appreciation on the inflation and
interest rates. Also the feedback effect may decrease demand for bonds as the returns in the
other asset markets rise. In contrast, stock and housing price movements have got positive
coefficients on bond price changes. This is because bond prices go up as interest rate drops.
Decrease in the interest rate also affects the stock and housing market demand positively.

In addition, there are a number of large and significant cross-autocorrelations between the
assets and the interest rate. Notable part of the cross-autocorrelations between the asset prices
are likely to be caused by the linkages between the interest rate and the asset prices. In contrast,
between stock and housing appreciation and movements in the inflation rate there are no
significant cross-autocorrelations. The significant positive first-lag reaction of the inflation rate
on bond price change is in line with the theory. Drop in the real interest rate increases bond
value and stimulates the economy thereby increasing inflationary pressures.

It is important to understand that significant cross-autocorrelations do not necessarily imply the
existence of causality (other than GC) between the variables. Nevertheless, large cross-
autocorrelations do indicate predictability of the variables and show that there are
interdependences between the asset prices beyond the level signified by the contemporaneous
correlations alone.

In any case, the analysis above shows that the use of quarterly correlations in analyzing
portfolio that includes stocks and housing is misleading. As housing investments are long-run
in nature, quarterly figures give too optimistic picture about diversification benefits between
stocks and housing.

5.2 Econometric analysis

Linkages between the asset prices are further studied by time series econometrics. Real
variables are used in the analysis. First, the order of integration of the variables is checked.
Then the existence of cointegrating relationships is tested and compositions of the
cointegrating relations are analyzed. Finally, Granger causalities and impulse response
functions are examined based on the estimated CVAR models.

The ADF test indicates that all the real variables as well as the inflation rate and the
deductibility of mortgages interest payments are I(1)."® The unit root test results are reported in
Table Al in the Appendix. Concerning the order of integration of p the evidence is
contradictory. Based on the ADF and KPSS tests the existence of a unit root in the series seems

'8 Unit root in T cannot be rejected even when allowing for a structural break in 1993Q1.
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probable. The PP test, on the other hand, implies that inflation is stationary. In any case, p is
treated as a non-stationary variable since the Johansen test clearly implies that p is not
stationary.

The results by Barot and Takala (1998) suggest that real housing prices in Finland are
stationary. Hence, the existence of a unit root in the real housing price series is studied also by
the PP test and the KPSS test. The evidence is mixed, because PP clearly accepts the null of a
unit root whereas KPSS indicates that H is stationary. As with p, Johansen test results show
that H should be treated as an I(1) variable in the cointegration analysis.

5.2.1 Sample from 1970Q1 to 2005Q2

Using the whole sample period, the Johansen test results, reported in Table 4, do not support
the existence of a cointegrating relation between S and H. Inclusion of any of the control
variables does not change this result. Cointegrating relationships in a system including seven
variables, S, H, L, GDP, p, C and T were also examined. This analysis confirmed the inference
that there is no cointegrating relationship including both S and H using the whole sample
period (see Table A2 in the Appendix).

Nevertheless, S and H seem to exhibit cointegration before foreign investors were allowed to
freely invest in Finnish securities and before the tax deductibility rules of mortgage interest
payments were altered, i.e. in 1970-1992." According to the Johansen test results using Model
2, S and H are probably pairwise cointegrated during 1970-1992. This finding is in line with
the results by Takala and Pere (1991) concerning the period over 1970Q1-1990Q2. Note that
only housing prices adjust to the equilibrium relation. Test on Model 3 confirms the inference
that there seems to be one cointegrating relation between S and H. Stability of the long-run
relation cannot be rejected, even though there is notable deviation from the equilibrium in the
late 1980s and early 1990s.

Evidence of the existence of a stationary long-run relation between stock and housing prices
from 1993 onwards is dubious. Cointegration test including only H and S implies that there
may be a cointegrating vector between the variables. The statistical significance of the vector is
not very strong, though. If also IR is included in the tested model, there is clearly at least one
long-run equilibrium relation, possibly even two. The most stationary relation is not an
equilibrium relation between S and H, however, since H can be excluded from it. Moreover,
only IR adjusts to this relation.*’

The second possible long-run relation seems to be the one between H and S that was already
found in the test excluding IR. Again the test statistics are not too conclusive concerning the
stationarity of this relation. Nevertheless, cointegration between H and S during 1993-2005 is
supported by the significant alfas of both variables. Furthermore, stability of the potential long-
run relation cannot be rejected and visual inspection does not indicate non-stationarity of the

" If F is included in the analysis, Johansen test statistics suggest that there might be a cointegrating relation
including both S and H from 1980Q4 onwards. The potential relation, however, seems to be highly unstable even
if additional control variables are included in the model.

*% This is theoretically problematic since the effect of the Finnish economy on Euribor is negligible. The finding
might be due to the interaction between stock prices and inflation — inflation rate affects also the real interest rate.
Adding p in the test does not change the results notably, though. Note that even the inclusion of F in the model
does not make the analysis any more conclusive.
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equilibrium-error, even though there seems to be relatively large volatility and deviation from
the equilibrium during 1993-96.

Table 4 Johansen test results in a system including real housing and stock price
indices
Ho(rank) Trace Crit. value | Crit. Value Ho(rank) | H;j(rank) A-max Crit. value | Crit. value
test (5%) (10%) ssc test (5%) (10%) ssc
Sample: 1970Q1 — 2005Q2 (variables= H, S; model 2, ml=5, seasonal dummies
r=0 17.6 253 25.6 r=0 r=1 11.3 19.0 18.9
r<i 6.30 12.3 11.7 r=1 r=2 6.30 12.3 11.7

Sample: 1970Q1 — 1
exogeneity of S = .75)

992Q4 (variables= H, S; model 2, ml=5,

seasonal dummies, p-value in the test for weak

r=0 24.7 253 27.9 r=0 r=1 19.4 19.0 20.6
r<i 5.30 12.25 12.9 r=1 r=2 5.30 12.25 12.9
Sample: 1970Q1 — 1992Q4 (variables = H, S; model 3, ml=5, seasonal dummies)
r=0 | 193 | 152 | 162 ] | |
Sample: 1992Q3 — 2005Q2 (variables= H, S; model 2, ml=2, seasonal dummies
r=0 24.8 253 27.7 r=0 r=1 18.7 19.0 20.6
r<i 6.15 12.3 12.8 r=1 r=2 6.15 12.3 12.8
Sample: 1992Q3 — 2005Q2 (variables= H, S, IR; model 2, ml=2, seasonal dummies)
r=0 72.1 42.4 50.0 r=0 r=1 46.3 25.5 29.6
r<l1 25.9 253 29.1 r=1 r=2 19.2 19.0 21.6
r<2 6.63 12.3 13.4 r=2 r=3 6.63 12.3 13.4

The structural break in 1993 can be seen well from 3. The upper graph shows the equilibrium
error from the 1971Q2-1992Q4 long-run relation both during the first part of the sample and
after the structural break. The lower part, in turn, pictures the equilibrium-error from the
1993Q1-2005Q2 long-run equilibrium (assuming there is such a relation) based on the model
including only S and H. The mean of the equilibrium-error has been removed from both of the
exhibited series. The considerable deviations from the equilibrium in the late 1980s and early
1990s in the upper graph are due to the extremely large volatility in the asset prices caused by
the asset price boom in the late 1980s and the extraordinarily deep recession in the beginning
of the 1990s. The graphs clearly show that the housing price level relative to stock price level
has decreased since the early 1990s.
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Figure 3 Deviation of real housing price level from the long-run relations

Granger causality during 1971Q4-1992Q4 is studied by a third-order CVAR model including
AH, AS, AL, Al, AINF and three seasonal dummies. Based on the model the adjustment speed
of housing prices towards the long-run relation has been 14.8% per quarter. The estimated
speed of adjustment parameter is twice the size of the figure 7.4% reported by Takala and Pere
(1991) Generally, given that housing market is not as liquid as the stock market and the price
adjustment is likely to be more sluggish in the housing market, one would expect that the
causality runs from the stock market to the housing market. Indeed, in line with the previous
empirical evidence from the Finnish market reported by Takala and Pere and with the theory,
stock price movements caused housing price changes prior to 1993 but not vice versa. Stock
price movements were not Granger caused by any of the other variables. There is evidence of
AS Granger causing itself, though, especially if stock prices are set weakly exogenous (we).
Housing price movements, instead, were caused by the deviation from the equilibrium relation
but not directly by previous housing price changes. Furthermore, AH caused both the real
lending rate and the inflation rate. Hence, both AL and AINF must be Granger caused also by
AS during the first part of the sample.

Table 5 shows that there have been notable changes in the causalities after 1992.2' AS still
causes AH but evidently not itself. Instead, there is some evidence of AH causing itself in the
latter period. Stock prices clearly seem to be more predictable by the interest and inflation rate
movements since 1993 than before. Somewhat surprising is the finding that AH is not Granger
caused by the inflation or interest rate movements in either of the periods. The alfa of housing
prices in the later period is equal to the pre 1993 alfa. The CVAR model including also control
variables suggests that stock prices do not adjust towards the long-run relation in the post 1992
period either. The adjusted R” figures of the CVAR models are also reported in Table 5.

! This estimated model is similar to the model of pre 1993 period with the exception that real and nominal
Euribors are included in stead of real and nominal lending rate and that there is one lag less incorporated.
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Table 5 P-values in the Granger causality tests

Explanatory variable
1971Q4-1992Q4

AS AH AL Al Ap eqe Adj. R?

A Stock 107 .553 .945 913 .947 .893 276
A Housing .001 346 975 930 979 .038 .644
A Real lending rate .082 .014 412 233 391 .585
A Nominal lending rate 122 .645 256 328 290 .061
A Inflation rate .047 .016 479 233 417 .540

[}

?;“ A Stock (we) .003 538 872 745 .867 .286

<

>

g 1993Q1-2005Q2

3 AS AH AIR Air Ap eqe Adj. R?

:);i A Stock .686 .890 102 114 .098 335 229

A A Housing .042 .148 .669 .580 .669 .006 .533
A Real euribor 259 266 .010 .024 .010 7123
A Nominal euribor .821 .022 432 459 431 495
A Inflation rate 225 .066 .032 .050 .030 .682
A Stock (we) 121 .095 .085 .090 .081 183

Figures A1 and A2 in the Appendix graph the impulse responses derived from the CVAR
models. The impulse responses indicate that the effect of a shock to AS on AH is notably
smaller in the latter period. Also the variance decomposition (see Table A3 in the Appendix)
based on a VAR model suggests that housing price changes are today driven to a much lesser
extent by stock appreciation than in the 1970s and 80s. Before 1993 innovations in AS
accounted for half of the long-term forecast error of AH, while the corresponding figure is only
3% after 1992.

Permanent effect of a shock to AH on S, instead, seems to be surprisingly large according to the
CVAR model from 1993 onwards. The effect implied by the model that may be implausibly
strong — the permanent response of S to a one percentage positive shock to AH is
approximately 4% — is mainly caused by the estimated long-run relation. As the Granger
causality test suggests that the stock price index may actually be weakly exogenous, also a
model where stock prices do not adjust to the long-run relation is estimated.”* Impulses from
this model are displayed in Figure A3 in the Appendix. Figure A3 indicates that the permanent
response of S to a one percentage positive shock to AH is negligible. In any case, the variance
decomposition implies that the effect of housing price movements on stock price appreciation
is slightly larger today than before 1993. The effect, however, is still only small.

Impulse responses and variance decomposition as well as GC tests imply that the effect of the
stock market on the housing market has diminished since the 1970s and 80s. Weaker linkages
after the financial deregulation were suggested also by the real appreciation correlations
reported in Table 2. Hence, the data proposes that the tight financial regulation in the 1970s
and 80s increased co-variation between stock and housing prices especially in the longer
horizon.

* The impulse responses of stock prices may also imply that some important variable is missing from the model.
Nevertheless, inclusion of any of the variables in this study does not change the perceived phenomenon.
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5.2.2 Sample from 1989Q1 to 2005Q2 including bond prices

Next, bond price index is added to the analysis. The Johansen test results are summarized in
Table 6. Employing the whole sample including bond data, i.e. the period over 1989Q1-
2005Q2, the Johansen test gives only slight support on cointegrating relation between stock,
bond and housing prices. Closer inspection of the potential long-run relationship shows that the
relation is not a cointegrating vector between the indices. The relatively large test values just
show that B is close to trend stationary. P-value of excluding S and H from the cointegration
space is .33.

It is hard to find a sensible long-run relation which includes at least two of the asset price series
and to which at least one of the asset prices adjusts. An evident cointegrating relation is found
if IR is included in the analysis. The relation seems to include at least S and B, but the LR test
cannot reject the hypothesis that none of the asset series responds to deviations from the long-
run relation.

Nevertheless, inclusion of GDP in the analysis helps to find a reasonable long-run relation
from 1993Q1 onwards. Assuming one cointegrating vector, none of the variables can be
excluded from the relation but S and GDP can be set weakly exogenous. The second possible
long-run relation seems to be the one between S and H found earlier. As mentioned above, the
results concerning stationarity of this relation is somewhat inconclusive. Therefore, only the
first relation is employed in the forthcoming analysis. Model 3 confirms the existence of one
cointegrating relationship, and the stability of the long-run relation cannot be rejected.

The existence of one cointegrating relationship is assumed even though this is suspected
according to the small-sample corrected values. This is because, in addition to the possible
over-correction, the Johansen test is known for power problems when the number of
observations is small. Moreover, the relation seems sensible and the speed of adjustment
parameter of both housing and bond prices are statistically significant.
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Table 6 Johansen test results in a system including real housing, stock and bond
price indices
Hy(rank) Trace Crit. value | Crit. value Hy(rank) | Hj(rank) A-max Crit. value | Crit. value
test (5%) (10%) ssc test (5%) (10%) ssc
Sample: 1989Q1 — 2005Q2 (variables= H, S, B; model 2, ml=2, seasonal dummies)
r=0 41.6 42.4 46.9 r=0 r=1 22.5 25.5 27.7
r<l1 19.2 253 27.3 r=1 r=2 11.7 19.0 20.2
r<2 7.43 12.3 12.6 r=2 r=3 7.43 12.3 12.6

Sample: 1989Q1 — 20

exogeneity of H, Sand B=.17)

05Q4 (variables = H, S, B,

IR; model 2, ml=2, seasonal

dummies, p-value in the test for weak

r=0 102.5 63.0 73.9 r=0 r=1 61.2 31.5 36.4
r<1 41.4 42.4 48.8 r=1 r=2 20.6 25.5 28.9
r<2 20.8 253 28.5 r=2 r=3 13.8 19.0 21.1
r<3 7.09 12.3 13.1 r=3 r=4 7.09 12.3 13.1

Sample: 1992Q2 — 2005Q4 (variables = H, S, B, GDP; model 2, ml
exogeneity of S and GDP = .34)

=3, seasonal dummies, p-value in the test for weak

r=0 76.0 63.0 88.7 r=0 r=1 32.5 31.5 43.7

r<i 434 42.4 58.6 r=1 r=2 224 25.5 347

r<2 21.1 253 34.1 r=2 r=3 14.1 19.0 253

r<3 6.99 12.3 15.7 r=3 r=4 6.99 12.3 15.7
Sample: 1992Q2 — 2005Q4 (variables = H, B, S, GDP; model 3, ml=3, seasonal dummies)

r=0 42.4 35.5 48.7

r<1 12.0 17.9 23.5

Granger-causalities during the period of 1993Q1-2005Q2 are studied by a model containing
two lags in differences and including AS, AH, AB, and AGDP. Contrary to the model excluding
B reported in Table 5, this model does not show that AS causes AH (see Table 7). The model
suggests that housing prices have not been Granger caused directly by any of the other
variables and even the evidence of AH causing itself is unclear. The R? figure for AH is as large
as .5, however, and AH is likely to be caused by AS, AB, AH and AGDP through the
equilibrium-relation. Housing price movements, on the other hand, have significant
explanatory power at least on the bond price changes. This linkage probably materializes
through the effect of AH on the inflation and interest rates.”’ In addition, there is also evidence
suggesting that AH Granger causes stock appreciation and especially GDP growth. The effect
on GDP comes up when GDP is restricted to be weakly exogenous.

Stock appreciation is caused also by AB according to the GC test including lagged equilibrium-
errors. The results for AS, however, change notably if stock prices are assumed to be weakly
exogenous. Note also that the adjusted coefficients of determination indicate that quarterly
housing and bond price movements are substantially more predictable than stock price
appreciation.

» Because Euribor rates are nowadays determined by the whole EMU area, it is highly unlikely that housing price
appreciation in Finland affects the Euribor rates significantly. Hence, it is probable that the effect of housing price
movements on bond prices is mainly caused by the inflationary influences of housing price appreciation.
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Table 7 P-values in the Granger causality tests including bond price series

Explanatory variable

= AS AH AB AGDP eqe Adj. R?
‘S AStock 151 104 031 213 082 014
£ AHousing 237 127 654 618 077 503
£ ABond 801 .000 512 489 .000 631
2 AGDP 175 241 581 275 639 164
U
2 AStock (we) 138 346 314 420 027
A GDP (we) 176 .001 889 381 268

According the impulse response curves derived from a CVAR model where both stock prices
and GDP are weakly exogenous (see Figure A4 in the Appendix) the response of housing
prices to a shock to AS is similar to that indicated by the model excluding bond prices. The
responses of S and H to a shock to AH are somewhat different from the earlier model. Based on
the model incorporating bonds and GDP, shock to AH has got a permanent positive effect on S
and H and a permanent negative influence on B. The responses of stocks and housing to a
shock to AB are, in turn, likely to be largely a consequence of the interaction between bond
prices, inflation rate and real interest rate. Note that both housing and bond prices adjust
sluggishly towards the long-run equilibrium — the speed of adjustment is 15% per quarter for
housing and 20% per quarter for bonds.

In line with the previous findings, the results in Table 7 and variance decomposition (see Table
A4 in the Appendix) suggest that the interaction between stock and housing prices has
weakened substantially after the deregulation of the Finnish financial markets. All the asset
price movements are mainly driven by themselves. Furthermore, changes in the GDP growth
seem to account only for a tiny portion of the short- and long-term forecast errors of the asset
price movements.** It should be noted, nevertheless, that the effect of AGDP through the long-
run equilibrium relation is likely to increase the actual influence of the GDP growth on housing
and bond price changes.

6 SUMMARY AND CONCLUSIONS

There are many reasons to believe that significant interdependences exist between the financial
asset markets and the housing market. Despite the numerous important implications the
interrelations between different asset categories may have on the economy, research examining
these linkages has still been very limited.

In this paper the possible reasons for dynamic interrelations between housing prices and
financial asset prices are discussed first. The main aim, however, is to empirically analyse
linkages between the stock, bond and housing prices. Data from Finland is used in the
empirical analysis. The results imply that significant co-movement exits between the stock and
housing prices. Even though there clearly is interaction also between bond price changes and

 Changing the ordering of the variables in the Choleski decomposition does not alter the results notably.
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stock and housing appreciation, the co-movement between bond prices and the other asset
prices has been substantially weaker than between stock and housing prices.

Cointegration analysis indicates that there are also long-run dynamic interrelations between the
asset prices. Only housing and bond prices seem to respond to deviations from the long-run
relationships, however. It seems that there was a structural break in the long-run relationship
between stock and housing prices at the beginning of 1993. The break was probably mainly
due to the abolition of foreign ownership restrictions in the Finnish capital markets. Also the
substantial decrease in the deductibility of mortgage interest payments in taxation in 1993 most
likely had some importance. It is found that the interaction between the stock and housing
markets has diminished after the liberalization of the financial market. The weakening of the
co-movement between stock and housing prices is likely to be permanent, since the housing
market necessarily is and will be local to a great extent whereas the stock market is driven by
global forces.

The empirical findings are of importance both to policy and investment decisions. Although
price movements in different asset markets are clearly interdependent, the results suggest that
relatively large diversification gains are obtainable by diversifying the portfolio between the
asset categories. The weakened interaction between stock and housing markets has further
improved the diversification opportunities. In any case, the dynamics between different asset
markets are of relevance to asset allocation. Because of the lead-lag relations, the use of
quarterly correlations in portfolio analysis is misleading at least from a long-term investor’s
point of view and may cause in misdirected investment strategies. In particular, quarterly
correlations are likely to give a too positive picture about diversification opportunities between
the asset classes. The results also show that housing and bond price movements are highly
predictable so that unconditional portfolio analysis is likely to be fallacious. Whether one can
take advantage of the predictability to make profit is another question, however.

The abatement of the linkages between stock and housing prices is likely to have positive
consequences for the macroeconomy. Up until the early 1990s Finnish housing market
followed the booms and busts in the stock market. It seems that this seemingly inevitable
phenomenon of the almost simultaneous cycles has vanished. This may have a major impact on
the macroeconomic volatility, if the conclusion is, indeed, correct. The interest rate movements
are likely to have a role in the absence of the boom-bust linkage between stock and housing
markets after the early 1990s. In the 1970s and 80s stock market bust was typically
accompanied with a rise in the real interest rates. The interest rates did not rise notably during
or after the last steep drop in the stock prices, however. In addition, it is probable that the
foreign investors’ influence on the stock market has decreased the simultaneity of stock and
housing market cycles.

Previous literature has in general neglected the possible need for a deterministic trend term in
the long-run relation between different asset prices. This is problematic, since in many cases
where cointegration has not been found it might actually be detected if a trend term was
included in the long-run relation. There are theoretical reasons to assume that trend term may
need to be included in the long-run relation when testing for cointegration between stock and
housing prices. In this study the deterministic trend could not be excluded from any of the
estimated long-run relationships.
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APPENDIX

Table A1 Augmented Dickey-Fuller test results®

Variable Level (lags) Difference (lags)
NOMINAL

Stock prices -29 (10)° -3.94** (9)
Housing prices -1.91 (9)°° -3.02%* (4)
Bond prices 1989- -2.01 (8)° -2.51% (7)
Inflation rate -1.18 (4) -6.80%* (3)°
Deductibility -72 (0) “11.8** (0)
Lending rate =81 (1) -7.70** (0)°
Euribor 1989- -2.80** (4)

REAL

Stock prices -29 (10)° -4.18%** (9)
Housing prices -2.49 (4)°° -3.74%* (4)
Bond prices 1989- -2.58 (1)*° -5.75%* (0)®
Lending rate -1.95 (4)° -6.52%* (3)°
Euribor 1989- -1.30 (4) 4.41%% (3)
GDP -98 (3)° 2.79%* (2)
Construction costs -2.64 (2)° -4.87** (5)

» % and ** denote for statistical significance at the 5% and 1% level of significance, respectively, ¢ indicates that
constant was included in the test and * means that three seasonal dummies were included in the test.
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Table A2 Johansen test results in a system including S, H, L, GDP, p,Cand T
Hy(rank) Trace Crit. value | Crit. value Ho(rank) | Hj(rank) A-max Crit. value | Crit. value
test (5%) (10%) ssc test (5%) (10%) ssc
Sample: 1971Q4 — 2005Q2 (model 2, ml=4)
r=0 185 147 183 r=0 r=1 59.8 49.4 60.2
r<i 125 115 144 r=1 r=2 45.2 44.0 53.2
r<2 79.9 87.3 108 r=2 r=3 28.9 37.5 45.2
r<3 51.0 63.0 76.9 r=3 r=4 20.6 31.5 37.9
r<4 30.4 42.4 50.8 r=4 r=>5 14.4 25.5 30.0
r<5 16.0 253 29.6 r=>5 r==6 8.84 19.0 21.9
r<é 7.15 12.3 13.6 r==6 r=7 7.15 12.3 13.6
LR tests on the long-run relations assuming two cointegrating vectors:
p-value for excluding S and T from one cointegrating relation = .46
p-value for excluding H and C from one cointegrating relation = .30
p-value in the joint test for excluding S and T from one cointegrating relation and H and C from the other
cointegrating relation = .27
Table A3 Decomposition of variance of AS and AH based on VAR models
Step 1972Q3-1992Q4
(quarters)
Stock price appreciation Housing price appreciation
A4S AH AL Al 4p AS 4H AL Al 4p
1 1.00 .000 .000 .000 .000 .022 978 .000 .000 .000
2 967 .017 .009 .000 .006 282 710 .000 .004 .003
5 923 .014 .007 .049 .007 381 .594 .018 .004 .003
10 .898 .020 .010 .058 .013 502 455 .015 .023 .005
15 .896 .022 .010 .058 .014 507 444 .015 .029 .006
20 .896 .022 .010 .058 .014 .507 443 .015 .029 .006
1993Q1-2005Q2
AS AH AIR Air Ap AS AH AIR Air Ap
1 1.00 .000 .000 .000 .000 .001 .990 .000 .000 .000
2 .864 .010 .049 .017 .061 .028 .906 .000 .061 .004
5 728 .049 .047 121 .055 .026 782 .004 182 .006
10 .708 .054 .049 135 .053 .030 770 .004 .190 .006
15 .706 .055 .049 136 .053 .030 .768 .004 192 .006
20 .706 .055 .049 136 .053 .030 .768 .004 192 .006
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Table A4 Decomposition of variance of AS, AH and AB based on VAR model
Step
(quarters) 1993Q1-2005Q2
Stock price appreciation Housing price appreciation Bond price appreciation
AS AH 4B AGDP | A4S AH 4B AGDP | 4S AH 4B AGDP
1 1.00  .000 .000  .000 008 992  .000 .000 .002 .010 988  .000
2 944 015 .039 .00l .031 946 .021 .002 010 .093 895  .002
5 858 .060 .055  .027 028 817 .144 012 031 152 811  .007
10 818  .089  .060  .033 053 786  .148  .012 034 182 744  .009
15 813 .091 062 .031 055 782 150  .012 035 186 .769  .009
20 813 .091 063  .030 056 781 151 .012 .036 .187 768  .009
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Figure A1  Impulse responses based on the 1972Q3-1992Q4 model
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Figure A2  Impulse responses based

on the 1993Q1-2005Q2 model
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Figure A3
weakly exogenous

Impulse responses based on the 1993Q1-2005Q2 model where S is
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Shock to dS

Shock to dH

shock to dB

Impulse responses based on the 1993Q1-2005Q2 model including bond

price series
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