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Introduction - i

This dissertation includes an introduction, six chapters, a data annex and a Danish
summary. The present introduction gives a motivation and a short summary of the

studies presented in the following chapters.

Motivation .

In recent years, we have witnessed large and persistent increases in stock prices in
most of the stock markets in the OEC]j area including the Danish market. As always
when stock prices change substantially, this experience has stimulated interest in stock
markets in general and in the behavior of prices in particular. A key issue which has
occupied both practitioners and academics has been the question whether the recent

" surge in stock markets is warranted by the underlying economic determinants of stock
prices, that is, the economic ‘fundamentals’, or whether it represents a ‘non-
fundamental’ phenomenon such as a (rational) bubble, fads or noise trading, see
Campbell and Shiller (1998), Cochrane (1997), Kopcke (1997) and Cole et al. (1996)
for just a few examples. An understanding of the,f.ﬁmdamental’ mechanisms

underlying the determination of prices and returns in the stock market is a central

prerequisite for settling this issue.

Being able to value stocks and predict future stock returns is obviously of interest to
any investor facing the task of allocating his portfolio optimally between stocks and
alternative securities such as e:g. bonds. Over the last decade and especially in recent

. years the state of the stock market has also received increased attention by policy
makers, most notably in the US. Based on the Japanese experience of a prolonged
recession that was triggered by a collapse of the stock and land markets in the early
1990s and the currency and financial crises in Southeast Asia in 1997—1998, policy
makers appear to have recognized that financial markets play a ctucial role in
determining the outcome of the traditional policy goals of employment and
production, In particular, the evidence suggests that the crash of an ‘overvalued’ stock
market may potentially have severe negative impacts on the real economy, The
concern that stock markets are at present ‘overvalued’ and that this may pose a risk for
the outlook of the real economy has on several occasions been expressed by the

Chairman of the US Federal Reserve Systetn, Alan Greenspan. He has also
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“..emphasized the increasing importance of this issue (asset prices) to policy makers
and stressed the need for a better understanding of asset price determination...” (Sellon
and Buskas, 1999, p. 6).

- This dissettation is empirical and studies the economic mechanisms which determine

the prices and returns in the Danish stock market. It consists of six independent and
self-contained papers (chapters) ‘ii'/;ﬁich address selected issues relating to the
formation of stock prices and returns, respectively. In each case, we fofmulate,
estimate and test an ad hoc model which is svited for an al)aiysis of the specific

question raised, The overall purpose is to provide insight into how stock prices and

“returns are determined empirically while focusing in particular on the importance and

relevance of underlying economic ‘fundamentals’ variables. For sevetal of the papers,
a main inspiration has been the recent debate whether or not stock markets are

‘overvalued’.

We confine ourselves to the study of the aggregate market level of stock prices (and
returns) rather than the pricing of individual stocks. Thus, we address the is;sue of the
valuation of the market and examine price determinants that are common to all stocks
rather than idiosyncratic. This macroeconomic approach is directly devoted to the
question whether the market is ‘overvalued’ or not. Moreover, the pricing of the
market appears to be the area within the field of empirical asset pricing where tesearch
is most needed. Despite the recent debate about its validity, the Capital Asset Pricing
Model (CAPM) of Sharpe (1964) and Lintner (1965) still seems to provide valuable
information on how individual stocks are priced relative to the market, see the survey
in Jagannathan and McGrattan (1 995)!, However, attempts at explaining the pricing of
the market by models based on first best principles have until now proved less
successful, see the survey in Cochrane (1997). The latter observation at the same time
justifies a more ad foc type approach to the issue of modeling stock prices at the

aggregate market level.

' As a possible alternative to the CAPM, the empirically motivated three-factor model of Fama and
French (1993) has been suggested to account for the ‘anomalies’ facing the CAPM.
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i i i i ing the national market has been a main o :
The informational advantage inherent in studying the s . . ‘ What have We Learned ? k
s using on the Danish stock market. Admittedly, the Danish market is o . ' o o .
motivation for focusing This dissertation has provided a set of empirical insights which in concise terms are:

small by international standards. However, providing evidence for the Danish stock

i iously relevant to any economic agent engaged in the market. Moreover, L )
market is obviously Y & 8iE . s Stocks hedge against inflation in the lobg run in the sense that the real value of -
the literature is dominated by research on the US stock market, We consider it to be a o . ' '

\ . stocks is immune to shocks to the general price level over long hotizons, This
valuable exetcise to study stock markets other than the US market because this may : L ] ; . .
property of stocks seems apriori as a reasonable hypothesis because increases in

ive us a m 1 insight into how stock markets function. By the same token, . . o
givo us & more genoral NsIgTL I the general price level tend to increase firm profits proportionately in the long run.

ral applicability. .. . . .
our research may prove to have a more gencral app v However, the empirical support to the hypothesis is not a standard result in the

international literature (Chapter 1).

indivi ider the post-World War I-period or in some cases the - ) ] '
he individual papers corsider (e P P o The equity premium, defined as the excess of stock returns over bond returns, is

: iod si . ividend payments on stocks and bond interest rates, . »
period since World War Il For dividend pay preghctable at the medium (5-year) investment horizon but not at the very short

{ Danish data set in Nielsen, Olesen and Risager _
we have used the recently constructed Danish a2 and the very long investment horizons (1- and 10-year). When forming a

g (1999). The official All-Share Stock Price Index by Statistios Denmarlcs used prediction of the future equity premium, it is important to take due account of
throughout for the level of stock prices. This index comprises a sample of Danish
stocks listed at the Copenhagen Stock Exchan‘gé’. Since 1983, nearly all listed Danish
stocks have been included in the sample. All observations are annual. The ¢Iiata set was
originally compiled for the period 1921-1995 and presented in a 1997-working paper

version of Nielsen and Risager (1999a). A brief description of the data is provided in

multiple predictors and the possible non-stationarity of predictor variables
(Chapter 2). '

o Inthe long run, stock returns at the 5- and 10-year investment horizons are closely
related to the bond yields at the same maturities (Chapter 3).

e Coinciding with the effective opening up of the Danish stock market to foreign

. .2
ertat . . . . . .
the amticx of this dissertation investors in the early 1980s, stock returns have shifted from being characterized

by a (relatively) low mean teturn and low volatility to a regime of a (relatively)

i i irical orientation and it is within this area that the : ‘ . ‘ .
The dissertation has an emp high mean return and high volatility. Furthermore, in contrast to the early regime

ibuti und. The theoretical analysis is limited in scope and ' i T .
contributions should be {0 Y where returns were serially uncorrelated, the most recent regime is characterized

iginali iding a platform for the formulation of o
originaliy and anly sorves the purpose of providing 2.7 by a significant degree of mean reversion (Chapter 4).

iri i ep the analysis simple in order to maintain a . o . . .. .
an empirical model. In particular, we keep Y P ,\ ¢ We identify economic ‘fundamentals’ variables that are strongly significant in

. . : apers involved, the basis is the textbook . L L o ) ] ) -
model that is tractable empirically. In the pap explaining the variation in the dividend-price ratio (the ratio of current dividends

y ich is a simple partial equilibrium model for the price of a S .
Gordon Growih Model which is 2 simple partis] ¢4t P to current stock prices). The key ‘fundamentals’ variable is a time-varying

i a constant growth in dividends and a constant discount rate, see i o ) . '
stockn the case of srow o discount rate which is decomposed into time-varying measures of the growth-

Gordon (1962) or the outling in Campbell et al. (1997). We use a slightly modified

« Firm profits and the nominal bond rate explain the long-run behavior of stock

i : prices. In particular, the movements in the bond rate account for the bearish stock.
2 i i tion to the Danish
In Denmark, stocks are listed at the Copenhagen Stock Exchange. For an introduc . . '
stock market, sec the various fssues of the Annual Report (in Danish) and the Fact Book by the market period before the early 1980s and the subsequent bullish period. The
Copenhagen Stock Exchange (can be downloaded from their homepage htip://www .xcse,dk). The Fact
Book includes a comprehensive set of key statistics on the stock market,

|
|
i
1
o 1 adjusted real interest rate and the risk premium on stocks (Chapter 5).
’ version of this mode] where we have incorporated a time-varying discount rate. |
| < .
| |

empirical significance of the nominal bond rate could indicate that stock investors

X 3 . )
) !
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Introduction vi
suffer from ‘money illusion’ because rational asset pricing theories suggest the use
of a real discount rate. However, another possibility is that the nominal rate is
metely a good proxy for the latent and complex real discount rate used by a
rational investor (Chapter 6).

e Our evidence does not suggest that the stock mark\et is substantially ‘overvalued’.

The outlook for stock returns in the 5-year period 1998-2002 is poor by historical

standards but does not suggest a market crash, as predicted by Campbell and

Shiller (1998) and Engsted and Tanggaard (1998) (Chapter 2). Moreover, by late

1998 the level of stock prices is roughly in line with ‘fundamentals’ as the recent '

surge in the stock market can to a large extent be explained by the

contemporancous decline in the nominal bond rate (Chapter 6).

A Synopsis
A
The dissertation is organized by the order in which the chapters (papers) were

originally written. p

In Chapter 1 (the paper ‘Stocks Hedge against Inflation in the Long Run: Evidence
from a Cointegration Analysis for Denmark’), we test the classical hypothesis that
stocks provide a hedge against inflation. This issue is important to any investor who
rationally cares about the real value of future wealth. Hence, if stocks hedge against
inflation, the real value of a portfolio of stocks will not be subject to the uncertail§ty
arising from uncertainty about future inflation. We focus explicitly on the long-run
horizon whete the hedge hypothesis apriori seems most relevant. In the existing
literature, it is standard to test the hedge hypothesis in terms of the estimaged effect of
inflation on contemporancous stock returns, see €.g. Fama and Schwett (1977),
Gultekin (1983) and Boudoukh and Richardson (1993). We suggest a different
approach where we focus on the long-run relationship between the level of stock
prices and the general price level, as estimated by cointegration analysis. Using the
cointegrated Vector Autoregressive (VAR) method of Johansen (1996) and the single-
equation cointegration methods of Engle and Granger (1987) and Phillips and Loretan

(1991), we estimate an ad hoc cointegrating relation which we interpret as a simple

Introduction ) vii

structural model for stock prices in the long run. We then test the inflation hedge
hypothesis in terms of the estimated coefficient to the general price level in this . .
cointegrating relation. Using data for the post-World War II-period and measuring the
general price level by the official Consumer Price Index (CPI), we find strong support
to the hedge hypothesis in the long run, even in the narrow sense of a ‘perfect’ hedge
which requires stock prices to respongd one-to-one to innovations in the general price
level. This evidence contrasts Witli{:trhe weak support (if any) found in the literature
and also represents stronger and more reliable support than produced by standard
methods. We argue that the cointegration approach has the advantage of allowing for

a clear distinction between short-run dynamies and long-run properties of stock prices

“and, in particular, of allowing for a slow adjustment in stock prices to long-run

equilibrium. The standard approach of linking stock returns to contemporaneous
inflation over a prespecified investment horigon (implicitly) assumes that stock prices
respond immediately to innovations in the general price level. Our approach has
similarities to Ely and Robinson (1997) who also differ from the standard literature by
testing the inflation hedge hypothesis in terms of the relationship between stock prices
and the general price level. However, their inference is based on impulse regponse
analysis rather than a parametric test on a cointegrating relation for stock prices.
Moreover, their definition of an inflation hedge allows stocks to be an ‘imperfect’
hedge in the sense that stock prices increase by more than the general price level. If
the hedge is ‘imperfect’, the uncertainty about future inflation leads to uncertainty
about the real value of stocks. To our knowledge, the issue whether stocks provide a
hedge against inflation has not previously been given a thorough examination for the
case of Denmark. Bonnichsen (1983) is an informal study of the relationship between
Danish stock returns and inflation in the period 1900-1982, However, he addresses the
issue whether the purchasing power of a stock jnvestment increases over long time
periods, that is, whether the real return on stocks is positive at long investment
horizons (and concludes this to be the case). While this may be interesting in itself, it

does not answer the basic question whether stocks sedge against inflation. Thus, the

latter is concerned with the issue how stock returns (or stock prices) respond to

changes in inflation (or the general price level). In the light of the evidence presented
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in Chapter 6, the inflation hedge result is discussed further at the end of this

introduction.

Chapter 2 (the paper ‘On the Predietability of the Danish Equity Premium *, which
is joint work with Ole Risager) is inspi@\by‘the stucty of Campbell and Shiller
(1998). Based on the level of stock pricee/by eatly 1997, they predict that the Us
stock market will suffer a de facto market crash (however, without specifying the
horizon). This study has been replicated for the Danish stock market by Engsted and
Tanggaard (1998) and their prediction is almost as gloomy as the forecast by
Campbell and Shiller (1998). Hence, they conclude that real stock prices were

- “overvalued’ by roughly 50% by late 1996 and that we should expect a decline in real

stock prices by the same magnitude. Both studies are based on the observation that the
dividend-price ratio of stocks is at a level (far) below its historical mean and that this
always has been followed by a decline in stock prices in a historical sample. To
provide further evidence on the outlook for the /sfock matket, we conduct a thorough
study of whether Danish stock returns are predictable. We focus on the prediction of
the equny premium, defined as the difference between stock returns and bond yields,
at three different investment horizons (1, 5 and 10 years). We test the predictive
power of a comprehensive list of financial ratios, interest rates etc., including the
dividend-price ratio. In order to exploit all available information, we take a multi-
variable approach where we consider all candidate predictors simultaneously and
subsequenily identify the predictors that are most significant, using a ‘ general-to-
specific’ procedure. This leads to a parsimonious predictor model for the equity
premium based on multiple predictors. Moreover, we take due account of the (non-)
stationarity properties of the predictor vatiables to ensure that the use of standatd
regression methods is valid. Using data for the period since World War 1, we find that
the 5-year equity premium is predictable whereas the premia at the 1- and 10-year '
horizons are not. This result is consistent with the numerous findings for other stock
markets which show that stock returns are predictable at the medium investment
horizons, see e.g. Campbell ef al. (1997, Chapter 7). However, we also conclude that
it is important to take account of multiple predictors and the possible non-stationarity

of the predictor variables when forming a prediction. Thus, using the 5-year model to
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forecast the equity premium in the period 1998-2002, the outleok for the stock market

is poor by historical standards but does not suggest a market crash, as predicted by
Campbell and Shiller (1998) and Engsted and Tanggaard (1998). The latter studies
focus exclusively on the dividend-price ratio which in the Danish case, furthermore, is
a non-stationary variable due to a persistent shift towards a lower level of the ratio in
the beginning of the 1980s. The 1atte1 is related to institutional changes in the Danish
economy. Thus, we should not expect the dividend-price ratio to revert to its historical

mean.

Chapter 3 (‘On the Relationship between the Danish Stock and Bond Market in the

" Medium and Long Term’, joint with Ole Risager) is a short paper which studies the

empirical relationship between the realized returns in the stock and bond markets at
the 5~ and 10-year investment hotizons, respectively. Using the cointegrated VAR
method of Johansen (1996) and data covering the post-World War I-period, we find
strong evidence of cointegrating relatiohships between stock returns and bond yields
at both hotizons. This result reflects that the stock and bond returns tend to move
closely over long periods of time. Hence, an increase in the bond rate tende to be
followed by an increase in the stock return at the 5- and 10-year investment horizon,
respectively, and vice versa. The estimated cointegrating relation can be interpreted as
a no-arbitrage relation between the stock and bond markets, saying that the stock
return equals the bond yield plus a constant risk premium, This no-arbitrage relation
relates to the long run, that is, the relation may not necessarily hold year-by-year but it
serves as an ‘attractor’ for the long-run movements in stock and bond returns. Results
suggest that the coefficient to the bond yield is less than one, implying that the stock
return only partially reflects changes in the bond yield. The point estimates are well
below one and the deviatien from a unitary coefficient is statistically significant at the
10-year investment horizon. We conjecture that this result is due to taxation since

bond yields are usually taxed at a higher rate than stock returns.

In Chapter 4 (‘Regime-Switching Stock Returns and Mean Reversion’, joint with
Steen Nielsen), we estimate a time-series model for the 1-year nominal stock return.

The purpose is to test whether the return process has changed over time in terms of its
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mean, volatility or degree of setial correlation. Following Hamilton (1990), we
estimate a well-specified two-state regime-switching model which allows for an
autoregressive specification of order 1 (AR(1)) in each of the regimes. The model
identifies two distinct regimes in the post-World War I-period. These are
characterized by a low mean return and low variance and a high mean return and high
variance, respectively. Except for a few short episodes, the low return-low volatility
regimé dominated until the early 1980s whereas the subsequent period _has been
characterized by a high return and high volatility. The shift in the return generating
process in the early 1980s coincides with the effective opening up of the Danis?l stock
markét to foreign investors. We also develop an alternative test of mean reversion or,
more generally, of first order serial correlation in returns. The test explicitly allows for
multiple (two) return regimes defined as subperiods with potentially different
constant, autoregressive or variance terms in the AR(1) specification for returns.
Using this test procedure for the entire sample,é\';ve find mean reversion at the 10% but
not at the 5% significance level. This represen?é much weaker evidence of mean
reversion than produced by the standard autoregtession test introduced by Eama and
French (1988). Our finding that the allowance for multiple regimes results in less
support for mean reversion is consistent with Kim and Nelson (1998). Furthermore,
when analyzing the contributions by the two regimes, we ﬂnd that the indication of
mean reversion is due to the recent high return-high volatility regime. Thus, the
regime shift in the early 1980s also implied a shift from a state where returns were
serially uncorrelated to a state with a significant negative setial correlation in returns,
Our conclusions on the existence of mean reversion parallel the findings in Risager
(1998). Using standard variance ratio and autoregression tests, he also finds weak
support of mean reversion’. Based on a split of the sample into subsamples, he
concludes that mean reversion has been stronger in the most recent part of the sample,
that is, since the. 1970s. The regime-switching method has previously been applied by
Kim and Netson (1998) and Kim, Nelson and Startz (1998) to take account of regime-

shifts in the volatility of US stock returns. Our approach differs by including an

n reversion for the Danish stock market, see Nielsen and

3 idence on mea
Fora recet survey o e o e sults for the US stock maiket.

Risager (1999b). This survey also includes a comparison with re;

W—“—«—,_ “
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autoregressive term in the return generating process and by allowing for regime-shifts

in the mean returns. Both features are shown to be relevant for Danish stock retutns.

Chapter 5 (“Modeling the Dividend-Price Ratio: The Role of Fundamentals Using
a Kegit;te-SWitching Approach’, joint with Steen Nielsen) focuses on the dividend-
price ratio of stocks, defined as the ratio of current dividends to current stock prices.
This ratio is often used to deteﬁiﬁile whether stocks are ‘fairly’ valued by comparing
the prevailing level of tile ratio to its historical mean and using the lattér to indicate
the “fair’ level of stock prices. The basic idea in this paper ié that we need to take
account of the ‘fundamentals’ vatiables that influence the dividend-price ratio if we
* want to extract information abolt the “fair’ level of stock prices. Thus, a dividend-
price ratio which is (say) low by historical standards does not necessarily imply that
stocks are ‘overvalued’ but could, for instance, reflect a low real interest rate. To
distinguish between these two possibilities, we need an economic model for the
dividend-price ratio. The purpose and contribution of this paper is to identify
economic ‘fundamentals’ variables which are significant in explaining the variations
in the dividend-price ratio. We estimate an empirical model using time—var;}ing
measures of the growth-adjusted real interest rate and the risk premium on stocks
relative to bonds as underlying ‘fundamentals’. Together, these two components
reflect a time-varying discount rate. The model includes real dividends and the lagged
dividend-price ratio as additional explanatory variables, The former allows for the
possibility that stock prices respond less than proportionately to innovations in
dividends while the latter takes account of a possible slow adjustment in stock prices
to long-run equilibrium. Estimating the model over the post-World War I-period, we
find that it suffers from structural breaks, We therefore re-estimate the model, using
the two-state regime-switching épproach of Hamilton (1990) to capture latent and
non-modeled structural changes in the economy. Tentatively, these structural changes
could be cha;xges in taxation rules or the institutional set-up of the stock market. We
find that all ‘fundamentals’ variables are strongly significant in at least one regime
and that the coefficients have the expected signs. Moreover, we obtain a good fit to
the dividend-price raﬁo. The model identifies two very persistent regimes which cover

the subsamples 1927-1949 and 1986-1991 and the subsample 1950-1985,
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respectively. The regimes are characterized by a ‘low’ and a ‘high’ dividend-price .
ratio, respectively. The high persistence of regimes is consistent with the .
interpretation that structutal changes in the economy account for the regime shifts. We
argue that a ¢hange in the taxation of pension funds is a possible explanation of the .
regime shift in 1986. Related literatute is Driffill an\d Sola (1998) Who estimate a
regime-switching model for US stock prices, assuming a constant discount rate. Th'e
existeﬁce of multiple regimes for stock prices is motivated by the evidence of multlple
regimes in the process for dividends. Our study differs by focusing on the issue of
modeling the dividend-price ratio from undetlying “fundamentals’ variables, in

partiéular, the time-varying discount rate.

In Chapter 6 (‘A Simple Explanation of Stock Price Behavior in the Long len.'
Evidence for Denmark’), we model the long-rhn behavior of stock prices, that is, we
explain the trends in stock prices over ‘long’ pzriods over time. The motivation ?s
two-fold. First, we want to address the questi_o”h whether or not the recent surge n the
stock market can be accounted for by economic ‘fundamentals’ undexlying .the prices
of stocks? Second, we want to explain the observation that the Danish stock market
after World War 11 can be divided into a bearish periéd (defined as a period with
capital gains below average) before the eatly 1980s and a subsequent bullish ;')e.riod (a
period with capital gains above average)4. We formulate and estimate an empirical
Jong-run model for stock prices which is based on two MAacroeconomic
‘fundamentals’ variables, firm profits and the nominal bond rate. Using both
multivariate and univariate cointegration methods, we find a stable and strong
cointegrating relation between stock prices and these two “fundamentals’ variables.

The latter are highly significant in both statistical and economic terms, Moreover, the 1

model gives a fairly good account of the long-run behavior of stock prices. Growth in 5 .f

profits drives the long-run trend in stock prices whereas the bond rate explains the [

observed large deviations in stock prices from their long-run trend. The bond rate
explains the bearish and bullish subperiods of the stock market as it increased in the

period before the early 1980s and declined subsequently. Furthermore, the recent

‘bullish’ may differ from other definitions in the literature, but

4 ¢ ish? and
the terms ‘bearish’ an  off !
O oahe ds with stock price increases below average and above

they are just short-hand expressions for petio
average, respectively.

-
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surge in the stock market can largely be accounted for by the contemporaneous
decline in the bond rate. By late 1998, stock prices are close to their ‘fundamental’
levels as determined by the prevailing levels of profits and the bond rate and the
historical relationship between stock prices and these two variables. We have included
the nominal bond rate as the discount rate used by stock investors because it provides
a better empirical account of actyal stock price behavior than a set of common proxies
for a real discount rate. This could suggest that investors suffer from ‘money illusion’,
that is, that they pay more attention to nominal magnitudes than a ratio.nal investor
would do. The possibility of ‘money illusion’ has also been noted for the US stock

market by Modigliani and Cohn (1979) and Ritter and Warr (1999)5. Ritter and Warr

" (1999) explains the US bull market since 1982 by the observation that inflation has

declined and that this has reduced an ‘undervaluation’ of stocks arising from ‘money
illusion’. This parallels our explanation of the Danish bull market because the decline
in the nominal bond rate since the early 1980s to a large extent reflects a decline in
inflation. However, the empirical significance of the nominal bond rate could also just
be the result of a high correlation between the nominal rate and the latent and
complicated affer-tax and risk-adjusted ex ante real discount rate used by é rational
investot. Results do not differentiate between the ‘money illusion’ and the ‘proxy’
explanation. We consider our long-run model for stock prices to be a macroeconomic
alternative to the traditional valuation models for stocks which ate based on financial
and accounting ratios such as e.g. the dividend-price ratio. In spirit, it is closely
related to a model presented in a recent market study by a major Danish bank, see
Valgreen (1999). He estimates a long-run relation for stock prices using nominal GDP
and a nominal bond rate as explanatory variables, This formulation comes close to
ours. The main differences are that we take account of variations in the profit share
and include a trend as a proxy for the growth in the nominal value of outstanding
stocks. Valgreen (1999) estimates the relation for Denmark over the period from 1981
to (early) 1999, However, using the two-step procedure of Engle and Granger (1987),
the estimated relation is rejected as a cointegrating relation at any conventional

significance level (possibly because of the short sample).

* Recent studies that address the possibility of ‘money illusion’ in a different context include Shiller
(1999), Shafir et al. (1997) and Canner ef al. (1994).
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A Remark on Inflation Hedge and Money Illusion
As standard in the literature, the conclusion that stocks hedge against inflation in the
long run (Chapter 1) is based on a partial definition of an inflation hedge. That is,
stock prices are shown to respond one-for-one io 2 change in the general price level in
a situation where all other explanatory variables (in Chapter 1, real production and the
real discount rate) are kept cpnstant. In interpreting the inflation hedge result, it is
useful to distinguish between two scenatios, viz. a permanent change in the general
price level and a permanent change in the rate of inflation. The result jmplies that real
stock_prices are unaffected in the long run in both scenarios provided that the
remaining explanatory variables are unaffected. The latter seems as a reasonable
assumption as long as the remaining variables are real magnitudes such as real
production and a real di3c01tnt rate. Hence, it is standard in most of the
mactoeconomic literature to assume that real variables are unaffected by nominal
vatiables in the long run. This is basically the ?;operty of *Classical Dichotomy’
between the real and the money sectors whichvis the cornerstone of the Neoclassical-
Keynesian Synthesis of traditional macroeconomic theory, sec e.g. Grandmont (1988).
The evidence that the nominal bond rate is important in explaining actual stock price
behavior may be interpreted as an indication of ‘money illusion’ on behalf of stock
investors (Chapter 6). [f one accepls ‘money illusion’ as a behavioral assumption,
this will in general inflict on standard results in macroeconomic theory including a
violation of the ‘Classical Dichotomy” property. ‘Money illusion’ also has .
implications for the interpretation of the inflation hedge propetty of stocks. If we |
consider the scenario where the rate of inflation is subject to a permanent (say) \
increase, we should gpriori expect an increase in the nominal bond rate in the long run
as implied by the Fisher Parity. In the case of ‘money illusion’, investors will use this
higher nominal bond rate as their discount rate when pricing stocks and real stock
prices will as a result decline in the long run. Hence, the real value of stocks will not )
remain unaffected by changes in the inflation rate’, However, in the scenario of a
permanent change in the general price level, it seems as a reasonable assumption that

the nominal bond rate is unaffected in the long run even in the case of ‘money

tion

6 In the case of ‘money illusion’, we might observe an additional long-run impact on real produci
which also has implications for real stock prices.

©
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illusion". As a consequence, real stock prices will remain unaffected. Thus, we should
not expect ‘money illusion’ to be detrimental to stocks’ purchasing power when
considering changes in the general price level. On the other hand, if we do not accept
the assumption of ‘money illusion’ but rather interpret the explanatory power of the
nominal bond rate as the result of a high correlation with the latent real discount rate.
used by a rational investor, stocks will as before retain a stable real value in both
scenarios. This suggests a pbssibiéieconciling interpretation of the inflation hedge
result. Stocks will in the long run retain a stable purchasing power in the event of
inflation as long as we consider variations in the general price level or the rate of
i'nﬂation within a given inflation regime, defined as a regime where the long-run
- average inflation rate is fixed, When we consider shifts in the inflation regime, that is

permanent changes in the long-run level of inflation, the response in real stock prices ,
depends on stock investors’ discount rate and, in particular, how it adjusts to the
regime shift. If investors suffer from ‘money illusion’, real stock prices will change. If

investors are rational, stocks will retain their purchasing power.

A Final Perspective

The Danish stock market has not received much attention in the academic literature in
the past. However, in recent years several studies of the Danish stock market have
appeared, including Lund and Engsted (1996), Engsted and Lund (1997), Risager
(1998), Nielsen (1998), Nielsen and Risager (1999a,1999b), Engsted and Tanggard
(1999) and the papers collected in this dissertation. ’

In general, this dissertation contributes by providing original empirical results for the
Danish stock market. These results give an empirical insight into the question of what
determines stock prices and returns at the aggregate market level in Denmark? The
specific contributions are indicated in the Synopsis but discussed more

comprehensively in the individual chapters. These also include a more detailed

account of the related literature.
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Abstract

We suggest an alternative approach to testing whether stocks provide a hedge against
inflation in the long run. Based on a simple structural model, we test the hedge
hypothesis in terms of the long-run linkage between stock prices and the general price
level, as estimated by cointegration analysis. Using data for the Danish stock market
over the posi-World War ILperiod, results give strong support for the hedge property,
defined in the narrow sense of a perfect hedge. This contrasts with the weak support
Sfound in the literature and also represents stronger support than produced by
standard methods. We argue that our approach has the advantage of allowing for a
clear distinction between short- and long-run dynamics of stock prices which adjust

slowly to long-run equilibrium.

* We have benefited from comments by participants at the EPRU workshop “The Stock Market and
The Macroeconomy”, Copenhagen Business School, May 1998, In particular, we thank Ole Risager

for comments.
$ The Economic Policy Research Unit (EPRU) is financed by a grant from The Danish National

Research Foundation.
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Chapter 1

1. Introduction

Stocks are said to provide a hedge against inflation if they compensate investors

_completely (and not by more) for increases in the general price level through

corresponding increases in nominal stock returns, thereby leaving real returns
unaffected. That is, stocks hedge against inflation if their reat value or purchasing

power is immune to changes in.the general price level,

Whether or not stocks hedge against inflation is relevant to any rational investor who
cares about real wealth, The above definition is one of a perfect hedge as it demands a

one-for-one compensation for inflation. This contrasts with the weaker notion of an

" imperfect (or partial) hedge, as often encountered in the literature, which requires the

relation between nominal stock returns and inflation (or equivalently, between
nominal stock prices and the general price level) to be significant and positive but it
may be less or larger than one-for-one, However, with an-imperfect hedge, the real
value of a portfolio of stocks is subject to uncertainty due to the uncertainty about
future inflation. This is not the case when the hedge is perfect. As we interpret an

inflation hedge as a device of eliminating the uncertainty deriving from inflation

uncertainty, we shall throughout use the term in its most restrictive sense of a perfect

hedge.

Apriori it can be argued that stocks should provide a hedge against inflation, at least
in the long run where firms’ profit margins can reasonably be assumed to be fixed.

The argument is that stocks are claims on current and future profit opportunities

. 'which in the long run (with profit margins being fixed) increase with the general price

level in relation one-for-one, that is, in the long run stocks are basically claims on real
profit opportunities. As a result, we should expect the real value of stocks to remain
unaffected by inflation and, hence, stocks should hedge against inflation in the long
run. What happens in the short run is, on the other hand, more ambiguous because

slow adjustment in-output prices and real production imply that profit margins may be

significantly affected by inflation.

|
|
i
i
|
|
l
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Whether stocks also provide 2 hedge against inflation empirically has beent studied
(1977), Gultekin (1983),

extensively in the literature, sc¢ €. Fama and Schwert
Boudoukh and Richardson (1993), Ely and Robinson (1997) and Barpes ef al. (1999).

With the only exception of Ely and Robinson (1997), f. below,
s where nominal stock returns are regressed on

the literature has

based its inference on retutn regression

inflation and possibly further explanatory yariables such as real production growth

and changes in a relevant discount rate measure. The inflation hedge hypothesis is

then put o a test by testing whether the coefficient to inflation is significant and equal

to 1!, Results of the literature are fairly mixed, but a general conclusion is that stocks

do not hedge against inflation in the short run (investment horizons less than 1-2

years), where inflation usually turns out 1o have an insignificant effect on stock

n between nominal stock returns

wert (1977) and Gultekin

retuens. In fact, at short horizons the estimated relatio

and inflation may even be negative, se¢ €.8- Fama and Sch
(1983). There is some evidence of & significant pgsitive relationship on longer
t often with a cocfficient different from 1 so that the E

horizons (more than 2 years) bu
ukh and Richardson (1993). Hence, the hedge

at longer hotizons but the evidence is

inflation hedge is not perfect, of. Boudd

hypothesis comes closer to receiving support

still weak. On balance it therefore seems that the empirical evidence tends to reject

the hypothesis of stocks providing a (perfect) hedge against inflation,

This paper tests the inflation hedge hypothesis for stocks by taking a different
approach to that used in the literature. We test the hypothesis by focusing on the long-
run relation between stock prices and the general price level rather than the relation

between stock returns and inflation. Most importantly, this shift of focus allows us to

inflation, The latter is

which

take account of slow adjustment in stock prices in the event of

from the outset precluded in the standard retorn regtessions approach

— )
! gome studies frame the test in terms of real rather than nominal stock returns, testing whether

inflation has a significant influence on real stock returns, see for instance Fama (1981) and Kaul
(1987). A survey of the literature including a detailed account of the empirical results is provided by
Frennberg and Hansson (1993). The latter study at the same time represents an exception in the
literature as the authors conclude that Swedish stocks provide a hedge against inflation even at fairly
short horizons (down fo one month). Another survey of the literature can be found in Sellin (1998). He
concludes that “Stocks seem to be a good hedge against both expected and unexpected inflation at
longer horizons” (Sellin 1998, p. 25). However, this conclusion is based on an imperfect hedge

definition, which allows stock prices (or teturns) to respond more than proponionately to shocks to the
general price level (or to inflation).

Chapter 1

(implicit] i
N plicitly) assumes that stock prices adjust completely to inflationary shocks over
e DI ap . l
prespecified, fixed investment horizon, see section 5 below for a furth
discussion, ici .
n. We focus explicitly on the long-run horizon where the fixed-profit: in!
assumption underlying the hed, i - oot
. ge hypothesis apriori seems
most relevant, W
as follows. Motivated by a si e
y a simple theoretical framewo
; _ tk, we formulate
o . o a structural
r stock prices whlcy;mcludes the general price level, real production and
stock in > di rafs ’ N
" vestors’ discount rate as explanatory variables. We identify the long-run
relationshi i i l ,
o dps between the variables by cointegration analysis, using the cointegrated
-model, see e.g. Johansen (199 : ’
s 8. 6). We estimate a cointegrati i
‘ grating relation for stock
prices and, finall i i o
y, test the inflation hedge hypothesis by testing whether this relation

implies a one-for- ionshi
or-one relationship between stock prices and the general price level

f\:/;: I:els; :he hypothesis for the market portfolio of Danish stocks, using annual data
Ofobsew:t:Z nl 9?: While the s.ample may be considered small in terms of the number:
. s, the sample period spans many yeats which is crucial for the analysis
of “the long run”, In the empirical analysis, we use small sample versions of tests
whenever possible. Moreover, we check the robustness of results from the .

cointegrated VAR model by i i
S0 uSlng Slngle-equation coin i
A del by al - t -
t o egration-methods to test

Our appr TR
; pproach has similarities with that of Ely and Robinson (1997) who also diffe
om the standard literature b, i I N
y focusing on the relation betwe
‘ een stock prices and th
ener: i i i i e
general price level in testing the inflation hedge hypothesis. Ely and Robinson (1997)
test the i i
' hypothesis for 16 OECD countries, based on impulse response analysis in a
cointegrated VAR model with 4 vari
ariables - stock prices, the i
| ' , the general price level, real
roduct B
production and money supply. They find for almost all countries that stocks ’
over i i I:
cor}lpensate for inflation and conclude, using an imperfect hedge definition, that i
n, that |

stocks hedge against i i
ge against inflation. However, using the more restrictive definition ofa |

p rf ct h dg the ld nce in EI 199; O pp
cric cage. evidae y and RoblnSOn ( d
'y ) es not gl ve suppott to lhe
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Our approach differs from Ely and Robinson (1997) in several ways. First of all, we
differ in the definition of an inflation hedge. In addition to the use of a perfect rather
than an imperfect hedge definition, we define an inflation hedge in terms of the
‘partial’ sensitivity of stock prices wrt. the general price level within the context of a
structural model for the former. Thus, we address the question: What happens to stock
prices in the event of shocks to the price level, all other factors (real production and

the discount rate) kept constant ? Ely and Robinson (1997), on the other hand,

examine the response in stock prices within a VAR model which we interpretasa =

reduced form model for stock prices and the price level where real production and the

money stock are the ‘driving’ (exogenous) variables?, Hence, they address the

- question: What happens to stock prices in the event of shocks to the price level, when

other factors (e.g. real production and the discount rate) are allowed to vary ? Our
ceteris paribus definition of an inflation hedge resembles that used in the literature of
return regressions.

Second, we test the hedge hypothesis in terms of a cointegrating relation for stock
prices and, hence, do not rely on 1mpulse response analysis as in Ely and Robmson
(1997). This may be viewed as an advantage, given the critique raised by e.g. Faust .
and Leeper (1997), who show that results from impulse response analysis depend
crucially on the assumptions needed to identify the underlying structural shocks of the
VAR model. This may question the robustness of results detived from impulse
tesponse analysis. Moreover, by focusing on the cointegrating relation, we can
petform an explicit parametric test of the hedge hypothesis instead of the ‘qualitative’

test criteria used in Ely and Robinson (1997)*,

Finally, we can test whether the underlying framework of our 'approach - the

structural model for stock prices - is reasonable empitically by testing whether it is

Ely and Robinson (1997) do not provide a theoretical foundation for their VAR model.

* Based on the impulse response analysis, Ely and Robinson (1997) test the hedge hypothesns ata
qualitative level, concluding that “In those cases where the impact on stock prices is significantly
positive (negative) and/or where the impact on goods prices is significantly negative (positive), stocks
offer (do not offer) a hedge against inflation in the sense that the relative value of stock prices to goods
prices rises (falls)” and “Stocks can also be said to offer a hedge in those cases where neither stock
price nor goods price innovations are statistically significant”, Ely and Robinson (1997, page 151).

Chapter 1

validated as a cointegrating relation. This turns out to be the case, implying that wé
can have (some) confidence in the framework underlying the test of the hedge i
hypothesis. For instance, the evidence of cointegration suggests that we do not lack an
important variable in modeling the long-run linkages between stock prices and the
general price level. Such a validity test of the underlying framework is not (directly)

possible in the approach of Ely and Robinson (1997).

Compared to the existing literature, the contribution of the paper is three-fold. First of
all, we suggest an alternative approach to testing the inflation hedge hypothesis.
Second, it turns out that résults give strong support to the hypothesis which contrasts
with the weak support found in the literature, Third, the paper provides results for

Denmark, a case which to our knowledge has not been examined thoroughly before*.

The paper is organized as follows. In section 2 an operational empitical model for Iihe
long-tun is formulated. Section 3 reviews the data and section 4 repotts the empirkf:al
results. Section 5 concludes the papet with a summary and a compatrison of out 1

approach with that used in the literature. !

2. An Empirical Model For The Long Run

We formulate an empirical structural model for stock prices based on a simple
theoretical framework that links stock prices to the general price level. The
framewotk is ad hoc and rests on a set of assﬁmptions which are restrictive but
facilitate the formulation of an.empirically tractable model. We focus on the long-;un
hotizon with the objective of a model that can act as a good approximation to the :

long-run movements in stock prices. Th1s provides us with a sound empirical (and a

theoretical) foundation for testing the mﬂatlon hedge hypothesis in the long run. |

Whether the model actually is a good approximation, is tested as pat of the empir-fcal

* Bonnichsen (1983) is an informal study of the relationship between Danish stock returns and

inflation in the period 1900-1982. He examines whether the nominal stock return exceeds inflation at .

long investment horizons, that is, whether the real return at long horizons is positive, and concludes
this to be the case. However, this evidence does not address the basic issue whether stocks hedge
against inflation. The latter requires an analysis of how stock teturns (or stock prices) respond to |,
changes in the inflation rate (or the general price level). Thus, apriori the real return on stocks may
still be positive in a situation where the nominal stock return does not respond to changes in the
inflation rate, that is, in a situation where stocks do not hedge against inflation.
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analysis by testing whether it can be validated as a cointegrating relation for stock

prices.

The starting point is the usual 1-period no-arbitrage relation between stocks and

bonds under the assumption of perfect capital markets. Excluding risk premia, this

relation demands that the expected 1-period holding return on stocks, consisting of a

capital gain and a dividend yield, is equal to the 1-period return (yield-to-maturity) on

bonds:

QH-I QI it i% l+l B

o o o

where Q, is the (ex dividend) stock price per share at time t, Dyyy is the dividend
payment per share during period t+1 and B, is the 1-period bond return as of time t.
Superscript “e” denotes expectations on unknown future variables. The stock is
assumed to be a claim on a representative firm (in our case representative f(?r all firms

listed at the Copenhagen Stock Exchange).

We shall assume that investors only form point expectations on future vatiables, i.e.,
that ‘Certainty Equivalence’ applies, and that investors, furthermore, expect bond
returns to be constant over time. This, and the exclusion of rational bubbles, gives the

forward-looking stock price solution’:

i+t
> 1
=3|——| D¢
@ 9, Zo'(l n B,) a1l

which determines the stock price as the expected discounted value of all future

dividend payments.

5 Assuming that the forward-looking stock price solution exists, i.e. that dividend payments are
expected to grow at a rate less than B,

—#
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Now make the following assumptions:

(Al) Constant profit margin 7", i.e., profits I, =n"PY,
(A2) Output price P, and real production Y, are expected to grow at constant growth
rates g, and gy, respectively, i.e.
Pi=P(14g,)"™ and Y =Y,(1+g)" (T20)

(A3) All profits are paid out as dividends each period, i.e. D, =II,

P, is the price of the fitm’s product, Y, is the production of the same product and 17,

denotes total ‘profits’ of the firm, assumed to be a constant fraction T (the profit :

margin) of the value of production. I should be interpreted as the earnings that tl;me
firm generates to stock holders and could, to be specific, be defined as the value df
productlon (value-added) less labor costs, accounting for ‘pure’ profits in a firm ,
without capital, respectively, ‘pure’ profits plus capital rent in a firm with capital. |By
assuming a constant profit margin, our basic working hypothesis is that any l
fluctuations in the profit margin are purely short-run (business-cycle) phenomena,
which are eliminated in the long run. In particular, we assume that any changes inithe

relative prices between output and inputs (e.g. real wages and real oil ptices) are |

either reversed or validated by average productivity changes in the long run. In

‘ theoty, the assumption of a constant profit margin will, for instance, hold for a

perfectly competitive firm with a Cobb-Douglas production technology, in which case
the capital income share (taken to be the profit margin) is fixed. The assumption 1i!:ay
also be justified (for the long term) by empirical observations, as evidence suggesis
that the aggregate profit share in the Danish economy has been faitly stable over the
period since World War I1°, . g, and g, finally, denote the expected inflation rate and
the expected real growth rate. We assume that the number of shares in the firm is |

constant over time and normalize it to 1.

¢ A possible measure of the aggregate profit shave is the ratio of Gross Operating Surplus to GDP'at
factor cost (both in current prices), as defined by the National Account Statistics. Using annual data for
the private sector over the period from 1948 to 1996, this ratio has varied within the narrow interval
between its low of 38% in 1980 and its high of 49% in 1951,
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From (A3) and the expected dynamics of profits implied by (A1) and (A2), the

solution for stock prices becomes:

| 1, _n'BY,
©) 0 -7 "%
where
1+B, andg, "small")
@ R, -1~B,-g,—g, (forg, andg,

“(+g)+g,)

R, is the (ex ante) growth-adjusted real discount rate, defined as the nominal bond
return adjusted for expected inflation and expected real_ growth. (3) is basically justa
variant of tﬁe standard Gordon-growth-formuia for the price of a stock with a constant
discount rate and constant dividend growth, cf. e.g? Campbell et al. (1997). (3) only
differs by allowing for time-variation in the discount rate and by having re}?laced :

dividends by profits. -

We shall say that stocks provide a hedge against inflation if shocks to the general
price level result in proportional changes in stock prices when controlling for other
televant factors. Our simple framework highlights why we should expect stocks to
hedge against inflation in the long run, Thus, consider a shock to current prices Py,
reflecting the outcome of past inflation. Such a shock translates ceteris paribus into a
proportional change in the value of production (P,Y,) and - due to the constant profit
margin - profits (IT1,). Because prices and production are expected to grow over time at
fixed (unaffected) rates, expected future profits, likewise, change proportionally. As a
result, current stock prices (Q;) change proportionally, confirming the hedge property,
cf, also (3). Note the ceteris paribus (or partial) content of the hedge property as real

‘ . .
production and the discount rate are held fixed in the argument’.

7 The literature using the return regressions approach also controls for other rele.vant factors]by |
regressing stock returns not only on inflation but alsf) on funl}er ex;}lanatory varlables‘(‘e.g: i J;r:;g "
growth rate), and focusing on the direct effect from inflation in tes.nr.xg the hed.ge hypothesis. ron
econometric point of view, the inclusion of other relevant factors is important in order to avoi

. | B
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Based on (3), we formulate the following empirical model expressed in logarithni!ic

terms (lower case letters denote corresponding log-levels):
. |

(5) qI=B0+ﬂlpl+ﬁ2yl+BJI'l+gl

The By’s are coefficients (including a constant term) to be estimated and s, is the !

residual of the equation.

(5) explains the long-run movements in stock prices by the long-run movements in
the general price level, real production and the real discount rate. As the variab]esi
considered are non-stationary, of. section 3, we have to use cointegration techniques
in estimating (5). If our framework is valid empirically, we should expect (5) to be a
cointegrating relation, i.e., a stable, long-run equilibrium relation for stock pricess:i
Whether this is actually the case, is tested as an initial step of the empirical analys:{s.
On a validation of (5), we can then test the inflation hedge hypothesis. Given our :
definition of the hedge propeity, a formal test of the hypothesis can be framed in | i
terms of the coefficient to the general price level, §,, measuring the direct (or part:i%al) |
effect of the price level on stock prices. The hedge hypothesis stipulates that there ‘
exists a long-run linkage between stock prices and the price level, i.e., that the price
level is significant in (5) (B,+0) and, morcover, that the elasticity of stock prices vﬁrt.
the price level is exactly one ($,=1). Hence, the hypothesis is supported if; and onl:y ‘
if, the estimated P, is significant and, furthermore, not significantly different fromli ‘

one.

3. The Data .

All data are annual and cover the period 1948-1996. The source database is Nielse'}l),
Olesen and Risager (1997). |

omitted-variables bias in the estimate of the inflation effect. The latter is also true in our approach, We
test (indirectly) for having omitted variables important for the long-run modeling of stock prices, by
testing whether the model provides a cointegrating relation, X

8 Formally, we have cointegration if, and only if, the residual term g, is stationary. In this case, (5)5
serves as an ‘attractor” for the included variables, see e.g. Engle and Granger (1991) for an
interpretation of the concept of cointegration.
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Stock prices are measured by the overall stock price index by Statistics Denmark,
comprising all firms listed at the Copenhagen Stock Exchange (CSE). For the general
price level, we use the official Consumer Price Index (CPI). We consider the question
of whether stocks hedge against inflation to be most interesting in terms of CP1 7
inflation because stock investors - ultimately being consumers - care about real wealth
in terms of consumption bundles, Moreover, CPI is the price measure encountered in -
the literature. We choose to proxy real production by a deterministic trend, This may
be justified by the fact that we are interested in modeling the movements in ’

production over long horizons and, for this purpose, a trend may be a reasonably good

approximation’.

In order to estimate (5), we also need a proxy for the unobservable (ex ante) growth-
adjusted real discount rate r, We use a discount rate measure which in a given year is
calculated.as the difference between the yield-to-maturity of a 10-year government
bond and the historical inflation rate over the 5-){9;/{;‘ period preceding that year. This
proxy results - compared to other discount rate proxies that we have examit}ed -inthe
strongest evidence that (5) is a coinfegrating relation. We consider this io be a valid
criterion for choosing the proxy because we only want to formulate an empirically
valid framework prior to testing the inflation hedge hypothesis, i.e., to formulate a
model that captures the important long-run features of stock prices. The latter is
evidenced by the presence of cointegration. The stronger cointegration could in fact
be interpreted as evidence that this proxy is particulatly good at modeling the long-

run movements in the ‘true’ discount rate.

Notice that the use of proxies introduces measurement errors in the explanatory
variables in (5). However, as long as the measurement errors are stationary, this does

not affect the inference on the cointegrating relation, cf. Hamilton (1994).

® What we need is a proxy for real production which results in (5) being a cointegrafix‘lg relatiox}. This
turns out to be the case when using a deterministic trend. We have tried several explicit prqductloﬂ
measutes (e.g. real GDP for the overall economy, for the privat? sector and for.manufagturmg) but )
without any further success in establishing a cointegrating relauon,‘cf. Appendix A, whlc}} reports the
results of estimating alternative candidates for a cointegrating relation for stock prices, using
alternative measures of both production and the general price level.
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Figure 1 shows the data.

<Insert Figure 1 around here >

< Insert Tables 1.a and 1.b around here >v

Unit root tests are perfor{}}cd using both the Phillips and Perron (1988) Z,-test (PP)’
and the test by Kwiatkov;ski et al. (1992) (KPSS), of. Tables 1.a and 1.b", Using -
conventional significance levels, both tests cleatly support that stock prices and the
discount rate proxy are integrated of order 1 (I(1)), i.e., are non—stationéry with
stationary first differences. For CPI, the PP test concludes integration of (at least) !
order 2 (I(2)), i.e., both levels and first differences are non-stationary, using a strict
5% significance level. However, the PP test consistently supports the I(1) hypothesi:s
ata 10% level. The KPSS test strongly supports the I(1) hypothesis for CPI when i
allowing for serial correlation in the disturbance term (lag length /> 1). Overall, the I
evidence is therefore in favor.of I(1). v

Al
To conclude, all series are I(1). The exclusion of the possibility of I(2)-behavior
means that the standard Johansen-procedure can be used for estimating (5). Moreover,
as (5) is balanced in terms of unit root behavior, single-equation-cointegration

techniques can be used for estimation putposes.

4. The Empirical Results
Motivated by (5), we formulate 4 VAR mode! using stock prices, the general price
level (CPI) and the discount rate proxy as the endogenous variables, and including ai

deterministic trend. To outline the model, let the endogenous variables be described I

i

by the column vector X, = (q;,p,.1,)’. Following the notation of Johansen (1996), the

VAR model can be written in its reduced vector error-correction form (VECM) as: ?

i
it
I
i
I,
i‘

10 . .

‘W‘e haye used a maximum of 6 lags in both tests because the test statistics become reasonably stable
“flthln this lag length. The evidence in Kwiatkowski ef al. (1992) also suggests that, for our sample
size, the KPSS test has a reasonable size and power at a lag length around 4 to 6.
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k-1
©) AX, =TLX, + Y I)AX,, + ®D, +¢,

i=1

where k denotes the lag length, TI and I"; are matrices of dimensions 3x3 and Dy is &
2x1 vector containing the deterministic terms, We allow for a constant term and a
deterministic trend, i.e., D=(1,1)’. ® is the 3x2 matrix which contains the coefficients
to the deterministic terms. g, is the vector of disturbance terms, assumed to be

identically distributed “white noise”.

The rank of matrix IT, denoted by r, determines the number of cointegrating relations
among the thres endogenous variables. If T1 has zero rank (+=0), there is no
cointegration in the data and (6) becomes a VAR model in first differences only
because the level term disappears. If T has a non-zero, but reduced rank (0<r<3), (6)

is a cointegrated VAR model with r (linearly independent) cointegrating relations. In
this case,vl'l can be written as the product of two fiill column rank matrices o and p of

dimensions 3xr, i.e., I1 = af}’ , and (6) can be rewritten as:

7 k=t
) AX,=0B' X, + Y T/AX,, + OD, +¢,

=1

Each column vector in the f-matrix corresponds to a cointegrating relation in the

sense that the linear combination B;*X,, where B; (here) denotes the i'th column vector ~
of B, is stationary. B;°X, corresponds to the usual error-correction-term in single-
equation cointegtation analysis. Each vecto is called a cointegrating vector and there
exists a total of r (linearly independent) cointegrating vectors. The matrix o contains
the adjustment coefficients by which each cointegrating relation affects the short-run
dynamics of the endogenous variables. For example, element o; in o captures by how
much the short-run dynamies of variable j in X, (AX), ) responds to the equilibrium
error in cointegrating relation no. i (§;*X,). Finally, if IT has full rank (r=3), we have
in principle 3 cointegrating relations, which is only possible if all the variables are

stationary,
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‘We restrict the deterministic trend to be in the coiﬁtegrating space, precluding the

|
possibility of a quadratic trend in the endogenous variables, ¢f. Johansen (1996). The
latter assumption seems both plausible and, at an informal level, cf. Figure 1,

validated by the data. The estimation is therefore based on the VAR specification:

) . . R k-1
(®) X = X 4 Y TAX,, L e,
i=1

where B'=(p',p,)’ and X, =(X/,tY, i.e., the trend is included as part of the

cointegration term. g is the vector of unrestricted constant terms while the rx1 vector

- py contains the coefficients to the trend in the cointegrating relations. In the empirical

analysis, intetest focuses on, first of all whether there exists any cointegrating
relations or vectors B’, and, secondly, on the coefficients of the cointegrating vecté)rs,
B‘, in particular, the coefficient to the general price level. !

1
As the initial step in the estimation, the appropriate lag length (k) of the VAR motiiel
has to be determined''. Various procedures can be used, including the explicit testling
on lag coefficients in a “general-to-specific” procedure and the use of information:
criteria, Using the “general-to-specific” procedure, we start out with 6 lags which is

sufficient to ensure that the white noise requirements on the disturbance term are

o

fulfilled. We then successively temove insignificant lags from the top, performing
Likelihood Ratio test of the hypothesis that all coefficients at the largest lag are
zero'%, This procedure results in a lag length of k=4, using conventional significance

levels, The test for removing all variables at lag 4 leads to a clear rejection (critica

significance level of 0.2%), while the hypothesis of reducing the lag length from S_to
4 is firmly accepted (critical significance level of 58%). A lag length of 4 is snppolrted
by the Hannan-Quinh and Akaike information ctiteria while the Schwarz crltenon'f

suggests a shorter lag length of 2.

[
.,

" Estlmatlons are perforined in PCFIML, cf. Doornik and Hendry (1997). |
' We use the approximate F-form of the Likelihood Ratio test suggested by Rao, cf. Doornik and
Hendry (1997). This F-form which corrects for degrees of freedom is generally considered to have

better small sample properties than the uiicorrected y*form.
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Table 2 reports both univariate and multivariate specification tests of the VAR model
with 4 lags. Diagnostics for each equation in the model, including fitted values for the
endogenous variables, are furthermore graphed in Figure 2. The specification tests
test whether the residuals from the VAR model fulfill the white noise requirements of
being serially uncorrelated, homoskedastic and normally distributed. According to the
univariate test, the hypothesis of normally distributed residuals is rejected for the
discount rate equation, using conventional significance levels. For the price levgl
equation, the normality hypothesis is close to a rejection. However, the normality
assumption is not crucial to the cointegrated VAR model, see Johansen (1996, Part
1), who shows that it is a sufficient condition for using this method that the
disturbance terms are identically distributed over time. The violation of the normality
hypothesis is therefore not a problem for the inference to be drawn, There are no signs
of misspecification according to the other, more critical specification tests for serial
correlation and heteroskedasticity. Hence, we conclude that the VAR model with 4

lags is well specified and proceed with this speciﬁgﬁtion.

< Table 2>

< Figure 2 >

The cointegration part of the VAR model (¢ and B') is estim‘ated by Maximum
Likelihood, using the Johansen procedure, cf. e.g. Johansen (1996). Table 3 shows }he
(standardized) estimates of o and ﬁ* together with estimated eigenvalues. Table 3 also
reports statistics from trace tests on the rank of 1. Two trace test statistics are shown.
The first statistic which is the one used in Johansen (1996) is the ogtcome of an
asymptotic test. The evidence in Reimers (1992) suggests that this test is “over-sized”
in small samples, implying that when using this test we tend to accept too many
cointegrating relations compared to the significance level which we are actually
willing to use. Based on this evidence and the fact that we have to deal with a small
sample, we have more faith in the second trace test which adjusts the former test for
degrees of freedom in the way discussed by Reimers (1992). This test is reported to

have significantly better small sample properties in the sense that the actual
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significance levels of the test come close (closer) to the nominal levels in small

samples. 1

<Table 3 >
Both rank tests lead to the conclusion that there is at least one cointegrating relatioti;
as both tests firmly rejééib}he hypothesis of no cointegration (r=0) at conventional
significance levels. The first (asymptotic) trace test also rejects the hyﬁothesis of 1
cointegrating rglation in favor of the alternative of more than 1 cointegfating re]atiop.
However, this hypothesis cannot be rejected according to the second (degrees-of-
freedom-adjusted) trace test. Based on the latter test, we conclude that there is one |
and only one cointegrating relation between the vatiables (r=1). The second trace tefst
gives a clear rejection of the hypothesis of no cointegration (the critical signiﬁcance:
level is 1.9% by linear interpolation). Hence, the evidence of cointegration is strong.

i |
The econometric identification of the cointegrating relations is relatively ‘
straightforward with only 1 cointegrating relation because normalizing on (;ne of tln’!:
variables suffices. Motivated by the modeling framework of section 2 (and the lack of
an obvious alternative), we interpret the cointegrating relation as a model for stock _
prices and normalize on this variable. The resulting estimates of the normalized
cointegrating vector and the cotresponding adjustment coefficients appear in Table ;}
as the first column of B* (i.c., By, respcctivelf, the first column of o (i.e., the l
adjustment coefficients wrt. B;""X,"). The assumption that the cointegrating relation 5is
amodel for stock prices is actually supported by the estimates of the o-coefficients,
because the error-correction in the short-run dynamics is strong in the direction of
stock prices, whereas the corrections in the directions of the price level and the "
discqunt rate are very small in magnitude and can actually be shown to be i
insignificant, cf. below. The estimation gives the following long-run model for stocll<:

prices (indicative standard etrors of the parameter estimates in parenthesis)'*: 5
|

1

"% The constant term in (9) is caloulated from the formula p | = (o 'o)~'a 'y, Where py is the
unrestricted constant term, cf. (8), and p, is the component of this constant term which enters the

cointegrating relation, see Johansen (1996, p. 81). & here denotes the first column of the estimated -
matrix in Table 3, ;
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© 4, =096+104p, +0011¢ - 5427,

(0.009) 24y

All coefficients have signs consistent with theory. The trend may appear to be
insignificant, using the indicative standard error, but we proceed with (9) because our
interest lies with the price level coefficient and we do not want to condition the

inference on the coefficients to the remaining variables.

We take the estimated cointegrating relation as evidence in favor of the modeling

framework of section 2, hence establishing a firm empirical framework within which

l {o test the inflation hedge hypothesis. The hedge hypothesis is tested by Likelihood

Ratio (LR) tests on the coefficient to the price level in the cointegrating relation.
These tests compate the likelihood of the unrestricted VAR model (where the price
level coefficient can vary freely) with the likelihoodﬂ.of the restricted VAR model
(whete the price level coefficient is restricted). Teﬁing, first, the null hypothesis that
the price level has an insignificant effect on stock prices (8;=0), the outcome isaLR
test statistic of 11.8 which has to be compared with a 3°(1)-distribution. The critical
significance level is for all practical purposes zero, leading to a strong rejection of the
nuil. Hence, the price level has a significant effect on stock prices in the long run.
Next, testing the null hypothesis that stock prices and the price level move one-for-
one (B;=1) gives a test statistic of 0.04 which, again, has to be compared to a xz(l)-
distribution. The eritical significance level is 83% which leads to the unambiguous
test result that the null can not be rejected. The conclusion is strong suppott for the

long-run inflation hedge hypothesis.
< Figures 3 and 4 >

To check the robustness of this conclusion, we have examined whether results are
stable over time by estimating the cointegrated VAR model recwisively. Figures 3 and
4 provide the results, showing the recursive estimates of the three eigenvalues and of

the coefficients of the (one) cointegrating vector, respectively. The eigenvalues are
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fairly stable over the sample period, so the conclusion of one and only one |
cointegrating relation in the data is robust over time. Figure 4 shows that the long-grunv
coefficients are reasonably stable, maybe with the exception of a slight instability ;of
the coefficient to the discount rate in the late part of the sample. Most importantly, the
coefficient to the price level is very stable. We take these results as evidence that the

conclusion in favor of the inflation hedge hypothesis is robust over time. !

The cointegrated VAR model approach has the advantages, compared fo single-
equation-cointegration methods, that it allows for inore than one cointegrating
relation in the data and, in general, leads to consistent and asymptotically efficient’
estimates of the long-run parameters (B*). However, as noted by e.g. Gonzalo and Lee
(1998), Johansen (1999) and Juselius (1999), the cointegrated VAR model is sensitive
to the number of observations. Thus, evidence based on Monte Carlo simulations
suggests that the test of cointegration and the tests of hypotheses on the long-run !
coefficients may suffer from poor small sample performance (size distortions and 1'ow
power). Moreover, inference from the model is based on the condition that }he VAgk
specification gives the correct model not only for the variable of interest (stock !
prices) but also for the remaining variables (the general price level and the discount
rate). As a further check on the robustness of conclusions, we have therefore re-
estimated (5) by single-equation-cointegration methods. These give valid and efficient
inference in our case because we only have one cointegrating relation and becausej
there is only error-correction in the direction of stock prices, implying that the prié!e
level and the discount rate are weakly exogenous for the parametets of the
cointegrating vector, cf. Johansen (1996, Chp. 8). The latter can be shown by formal

testing®.

" We have weak exogeneity if the equilibrium error does not affect the short-run dynamics of the|:
price level and the discount rate, i.e., if the corresponding adjustment coefficients in o (see first
column, second and third entry of & in Table 3) are both zero. This hypothesis can be tested formally
by a LR test. The LR test statistic is 1.04 which has to be compared with a x2(2)-distributiom The
critical significance level is 59%, leading to the conclusion that weak exogeneity can not be rejected.
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Given the evidence of cointegration, OLS estimation of (5) produces consistent
estimates of the coefficients'®, However, testing coefficient hypotheses based on these
estimates is in general difficult due to a (possible) correlation between the error term A
in the cointegrating relation and the innovations in the regressors, cf. Hamilton '
(1994). In particular, usual t-test statistics calculated from the OLS coefficients and
the OLS standard errors do not have standard (known) distributions. Therefore, we
have to refine the estimation of the cointegrating relation. Several approaches have
been suggested for this purpose, cf. e.g. Phillips and Loretan (1991), Stock'and
Watson (1993) and Phillips and Hansen (1990). Hamilton (1994) and Mills (1993)

provide surveys. We employ two of these procedures, both suggested by Phillips and

- Loretan (1991); the Phillips-Loretan OLS procedure (PLOLS) and the Phillips-

Loretan Non-linear least squares procedure (PLNLS).

In both approaches, the static regression of (5) is augmented by stationary terms
which capture the shott-run dynamics of the explqpﬂtory variables, The PLOLS
procedure augments (5) with current, lagged and leaded first differences of .the
explanatory variables (the price level and the discount rate), leading to the dynamic

regression:

, ¥,
(10) g, =PBo+Pip + Bt +Pyr, + ZV wbp "']-Z:V'Y A

i=Ny

t denotes as before the deterministic time trend (replacing y; in (5)) and u, is the new
tesidual term. N, and N, which determine the number of lags and leads in the
regression have to be specified ptior to estimation. We use different specifications, cf.
below, in order to check the sensitivity of coefficient estimates. (10) is estimated by

OLS.

1 Using the two-step procedure of Engle and Granger (1987), we can, at the 10% significance level,
confirm (5) as a cointegrating relation, see Appendix A (the alternative based on CPI and a trend).
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: i
The PLNLS procedure augments (5) further by adding lagged levels of the error ii

correction term, i.e., the difference between stock prices and their long-run

equilibrium level as determined by (5), [q, — (Bo + B o, + Bot +Ba7 ) 1:

o M A .
(11 g, =Bo+B.p + Pt +By; + Z’V 1w+ Z’Y 21 +Z¢I(q!-l —Bo—Buprs —Bot-D- ﬁf}-é)*‘v:
=t iy P ) :

The etror correction terms are included in order to eliminate serial correlation in the

~ disturbance term (v,) and increase the efficiency of the coefficient estimates, cf.

Hamilton (1994). Because the coefficients of the cointegrating relation enter the :

- lagged error correction terms, (11) is estimated by Non-linear least squares (NLS).

< Table 4 >
|
Results including t-tests on the price level coefficient are reported in Table 4. In the
first entry, results from estimating (5) by OLS (no augmentation) are shown togetlmer
with OLS standard errors which are indicative only. The PLOLS procedure' is used in
three regression specifications which differ according to the included first differences
of the price level and the discount tate (entries 2 trough 4). In the first application
(entry 2), current first differences and first differences at lead 1 and lag 1,
respectively, are included. The disturbance term shows serial correlation up to lag 5
so standard errors and t-statistics have to be torrected. We use the adjustment 1net:hod
suggested by Hamilton (1994), based on an AR(5)-model fitted to the tesiduals ofithe
PLOLS regression'®. In the second application (entry 3), first differences of up to 2
leads and 2 lags ate included. This further augmentation only has a minor effect on
the estimated price level coefficient. It turns out that the disturbance term shows 1o
sign of misspeciﬁcation in this formulation (no serial correlation) so usual OLS :
standard errors can be used. Finally, in the third application (entry 4), we use a :

“specific-to-general” procedure and augment (5) with current, lagged and leaded l:irst

¥ ‘The adjusted t-statistics reported in Table 4 (entry 1) are calculated as the ordinary OLS t-statistics
multiplied by the ratio (s/A), where s is the ordinary standard error of the residual in (10) while 2 is
calculated from an AR(5)-model fitted to the tesidual, see Hamilton (1994, p. 610). A can,
heuristically, be interpreted as an estimate of the residual standard error in ‘long-run equilibrium’ of
the AR(5)-model, The reported standard errors of the coefficient estimates are adjusted accordingly.
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differences until the disturbance term fulfills the white noise requirements. The
resulting regression is just a reduced version of the second PLOLS regression (entry
3) where insignificant first difference terms have been omitted. Again, the estimateg
price level coefficient is only mildly affected. PLOLS regressions have also been
carried out with more leads and lags but the coefficients and, in particular, the price

level coefficient are stable wrt. this further augmentation,

The PLNLS regression in entry 5 has the augmenting terms shown in the first column
of the table, including one lag of the error correction term. The augmenting terms are

chosen in a “specific-to-general” mannet in order to ensure a white noise disturbance.

- The reported standard errors are NLS calculated standatd errors.

The results show that while the coefficient estimates for the trend and especially the
discount rate are sensitive to the estimation procedure used, the estimate of the price
level coefficient is fairly robust (and also comes cloge to the estimate obtained from
the cointegrated VAR model). Turning to the inﬂ':tion hedge hypothesis, thle t-tests
show that the price level coefficient is significant in all four cases. Moreover, in none
of the cases we can reject the hypothesis that the price level coefficient is 1. The
evidence in terms of critical significance levels is very strong. Hence, we conciude
that single-equation-cointegration methods confirm the strong evidence in favor of the

hedge hypothesis.

5. Conclusion and Discussion
We have examined whether Danish stocks provide a hedge against inflation, focusing
explicitly on the long-run horizon. We have tested the hypothesis based on the long-

run relation between stock prices and the general price level, estimated by

cointegration analysis. Using the Consumer Price Index as the relevant price measure,,

results give strong support to the hedge hypothesis. The evidence supports the hedge
property in its most restrictive sense of a perfect hedge. The conclusion is confirmed

by both multivariate and univariate cointegration methods and is robust over time.

gy
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The inflation hedge hypothesis is tested within a firm modeling framework which is

validated by the data as a cointegrating relation for stock prices.

The inflation hedge property of stocks (defined as a perfect hedge) only receives v:veak

suppott, if any, in the literature. The strong support in this paper is therefore not a

~ standard result. We do not believe that the Danish stock market has unique

characteristics compéréii to other stock markets but rather attribute the difference to
the literature to other factors. First of all, the use of different investmeﬁt horizons is
one possible explanation, We test the inflation hedge hypothesis in a long-run
framework whereas others, ¢.g. Fama and Schwert (1977) and Gultekin (1983),
examine relatively short investment hotizons (less than 6 months). A plausible an?d
reconciling interpretation of this evidence is that stocks hedge against inflation in Ethe
long rur, but not in the short run, i

Second, the use of different sample periods may be important. In this paper, we !
include observations until 1996, while other studies, e.g. Fama (1981) and Qu!teki?n
(1983), use samples that only cover the period until the end of the 1970s, As well}
known, the 1970s were in almost all OECD countries a period of very high and :
increasing inflation due to the 1973 and 1979 oil price shocks. The use of a sample
ending shortly after the oil price shocks ignores the subsequent and pmajor adjustmient
in stock prices and may have triggered the (false) conclusion that stocks do not hedge
against inflation. In this context, it may in particular be important that real oil pric'les,
while increasing substantially during the oil crises with a detetiorating effect on pi'oﬁt
margins, have by the beginning of the 1990s returned to the pre-oil crises level, hénce
allowing for a restoration of “normal” profit ‘margins‘ Our study differs from the (%lder
literature by including the important adjustment period after the 1970s. “
\
Finally, we have taken a different approach compared to the literature whete it hafs;

Iy
been standard to test the inflation hedge hypothesis based on return regressions. We

- use cointegration methods to disentangle the short-run dynamics of and the long-ﬁ';un

linkages between stock prices and the general price level, explicitly allowing for slow

adjustment in stock prices to long-run equilibrium in the event of shocks to (not least)
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the general price level. This approach has the advantage of allowing for a clear
identification of long-run stock price behavior. The return regressiohs approach, on':
the other hand, does not distinguish between short-run dynamics and long-run
linkages and the identification of long-run stock price behavior is conducted merely .
by investigating a sufficiently ‘long’ investment horizon. However, this muddles
short-run dynamics and long-run linkages. Moreover, by linking stock returns to
contemporaneous inflation, retutn regressions from the outset preclude slow
adjustment in stock prices. In principle, this could trigger a false conclusion thai R
stocks do not hedge against inflation in the long run. That is, stocks may be a perfect

hedge against inflation with a lagged response in stock prices, but return regressions

- may fail to establish this because they do not explicitly take account of the lagged

adjustment, As an illustration, assume that stocks hedge against inflation after a
lagged adjustment over (say) 3 years, i.e., stock prices adjust co;npletely to current
inflation aﬂer 3 years. A return regression for even a long investment horizon of e.g. 5

years may not be able to detect this because stock returns do not reflect (completely)

-inflation in the last 3 years of each horizon, wlnle at the same time, stock returns in

the first 3 years are a result of adjustment to inflation in the preceding years”.

To highlight the difference between the standard return regressions approach and our
approach (the cointegration approach) more formally, consider the cointegrated VAR
mode! of (8) with a lag length of (for simplicity) k=1 and let us assume that this is the
“true’ reduced form model. The structural form of the cointegrated VAR model is
formally derived by premultiplying this reduced form by a non-singular matrix, cf.

Johansen (1996). The resulting dynamic equation for stock prices can be written as

i

(ignoring the disturbance term):

(12) A(I: =a +alAp/ +{l2AI‘I +a3l3“Xl’-—l

7 The possibility of a slow adjustment in stock prices or rather stock returns to a change in the
inflation rate has also been noted by Barnes ef al. (1999). They test the inflation hedge hypothesis on a
large sample of countries using the standard return regressions approach. To take account of the
possible slow adjustment, they include both the contemporaneous and the lagged inflation rate in the
return regressions. However, this does not alter the evidence significantly. The general result in Barnes
et al. (1999) is a rejection of the inflation hedge hypothesis for stocks.

o

‘
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where the a;’s are étructural coefficients. The term B*'Xt_,* denotes as before théi
error-correction term from the long-run stock price relation (as of period t-1). N()iw :
notice, that the first differences part of (12) resentbles a return regression for an :
investment horizon of 1 year, by regressing the first differences of log-to-stock prices
(Aqy), which is a proxy for the 1-year stock retutn, on 1-year inflation (Ap,) and the 1-
year change in the dlscount rate (Ary). The 1-year return regression, therefore, can be
viewed as a special case of (12) where the level term (the cointegtation term) has been
excluded. In terms of (12), what distinguishes the cointegration approach from the
standard approach is that the former is concerned with the long-run coefficients to v

stock prices and the general price level, i.., the cointegrating vector [}*, The return

" regressions approach, on the other hand, is concerned with the dynamic coefficient to

- i
the price level, i.e., the coefficient a; which captures the shott-run or
. . ]
conterporaneous response in stock prices to inflation. This difference reflects our
explicit focus on the long-run horizon whereas the existing literature has mainly
!

1
-

examined the inflation hedge hypothesis over relatively short horizons.
\ . | |
(12) also suggests a possible shortcoming of the standard approach. In standard return
regressions, the level term of (12) is excluded which (implicitly) assumes either that
stock prices adjust immediately to their long-run equilibrium level as determined by
the cointegrating relation (i.e., the equilibrium etror B*’X*t,, is always zero), or tﬁat

there is no cointegration between the level variables (i.e., the cointegrating rank is

zero and no cointegtating vectors p’ exist).‘In our case, both possibilities are rejected
by the data. Therefore, the 1-year return regression must be misspecified because it
omits a significant regressor (the level term of (12)), which reflects the slow :
adjustment in stock prices. In general, the result is inconsistent coefficient estimziites,
which affects the inference on the coefficient to inflation and, hence, the inﬂatiqlxix
hedge hypothesis, In the cointegtation approach, we explicitly allow for slow :

adjustment'®,

*® The cointegrated VAR model is more general than implied by (12) because it allows for more; ‘short-
run dynamic terms, i.e., lagged first differences, when the lag length k is larger than 1. Moreover in
the case of a comtegrated VAR model with an explicit measure for real production, we would also
have included the 1-year real growth rate (Ay,) as a first-differences regressor in (12). Note that (12)
focuses on the 1-year investment horizon, For longer hotizons, the implied model for returns will be
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For the putpose of comparison, we have also tested the inflation hedge hypothesis for
Danish stocks using standard return regtessions over the same sample period as
considered above. We have run a return regression where nominal stock returns are
regressed (OLS) on contemporancous inflation and a constant term for each of the
five investment horizons of 1 to 5 years durat_ionw. The point estimates of the
coefficient to inflation range from 0.27 (1-year hotizon) to 0.94 (5-year) so the
estimates for the fongest horizons come close to one, the value consistent with’the :
inflation hedge hypothesis. We can test whether the response in stock fetums t;? ‘
inflation is statistically significant. Using the Newey and West (1987) coefficient
standard error, which is consistent to heteroskedasticity and serial éorrelation in the
regression residual (up to lag 5), we get a t-test statistic of 1.5 for the null hypothesis
that the coefficient to inflation is insignificant (zero) at the 5-year liorizon (where the
inflation coefficient is most significant). The 0011cleion is that, even though the point
estimate is high and close to one, the estimation uncertainty is substantial and the
inflation effect is, in statistical terms, only weaklysignificant. Using conventional
significance levels, we would accept the null thz;t inflation has no effect on .stock
returns. At best, these results only provide weak suppott to the inflation hedge
hypothesis. Moreover, it turns out that the high point estimates of the inflation
coefficient hinge primarily on two events, that is, the exceptionally large stock returns
encountered in the years 1972 and 1983 (see Figure 1 for the large capital gains on
stocks in these two years). If we eliminate the influence of the returns realized in
these two years by including dummies in the regressions of stock returns on

contemporaneous inflation, the resulting point estimates of the inflation coefficient

more complicated but the fundamental insight remains that return regressions omit significant level
terms.

1 The stock return is annualized, discretely compounded and includes capital gain and dividend yield,
cf. Nielsen, Olesen and Risager (1997). Inflation is measured by the continuously compounded annual
growth rate in the Consumer Price Index (CPI). The return regressions use overlapping observations
for each of the horizons of 2 to 5 years. Appendix B provides further evidence from using the return
regressions approach to test the hedge hypothesis, including results for the 10-year horizon and results
from an extended return regression with additional explanatory variables. At first sight, the results in
Appendix B give more support to the hedge hypothesis than the regression results presented here. In
particular, the results for the 10-year horizon seem to confirm the hedge hypothesis. However, a closer
examination raises serious doubts about the reliability of this conclusion, in particular, because the
return regressions suffer from highly unstable coefficient estimates over the sample, including an
unstable estimate of the coefficient to inflation.
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are substantially lower and now range from -0.11 (1-year horizon) to 0.21 (2-yeair)2°:
The coefficient at the 5-year horizon is estimated to be 0.14. None of these :

coefficients are significantly different from zero.

Hence, using the cointegration approach gives stronger and more reliable support for
the inflation hedge hypothe51s than produced by standard methods. This evxdence
suggests that the dlfferences in approach could be important in understandmg why we
find much stronger support for the hedge hypothesis than in the literature. On this
background, and recalling the possible shortcomings of the return regressions

approach, cf. above, an obvious topic for future research would be to use the

. . . . [
- cointegration approach (and a more recent sample) to re-examine the evidence on the

inflation hedge hypothesis for other stock matkets. |

In testing the inflation hedge hypothesis, we have focused exclusively on stock pnces
thereby ignoring dividends as part of overall stock returns, In prmc:lple a hedge I
against inflation demands that the total stock portfolio consisting both of stpcks .
bought at the time of initial investment and stocks bought subsequently by the
reinvestment of dividends retains a stable purchasing power in the event of inflation.
Our stock price approach takes a shortcut by focusing on the value of initial stocks
only. One reason is that we want to test the bedge hypothesis within a firm modéling
framework which in our case is a model for stock prices. Moreover, it can be argjued
that for all practical purposes the exclusion of dividends is not important becausé '
dividend yields are fairly modest (in particular in recent history). Thus, whether 'éhc
neglect of dividend payments is of importance is reflected by how much future

reinvestments amount to as a fraction of total future portfolio value. This, again,-lis '

determined by the dividend yieid (in absolute terms). Because the dividend ylelds for

v

™ The regressions include two impulse dummies that eliminate al/ the effects of the stock returis in
1972 and 1983, That is, for the 2-year regression where we use overlapping obsetvations, we inglude
one dummy which has the value of one for 1972 and 1973 and is zero otherwise, and another dummy
which has the value of one for 1983 and 1984 and is zero otherwise. Similarly, for the 3-year il
regression each dummy takes on the value of one three years in a row, and so forth. We want toj,
exclude the returns of these two years because they represent clear outliers (annual returns of 95% and
118%, respectively) which can, furthermore, be explained by one-off exceptional changes in the
Danish economy such as the Danish referendum in 1972 Jeading to membership of the EEC and the
introduction of a new, separate pension fund tax on bond returns in 1983,

i
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Danish stocks over the sample period considered are small (between 1% and 7%), the
stock price approach should give a fairly good approximation to the ‘overall’ inflation

hedge question in terms of total portfolio value.

We have, as standard in the literature, ignored costs of stock transactions and investor
taxes on stock returns, i.e., dividend and capital gains taxes. While the neglect of
transaction costs may not be so important because the hedge property of stocks relate
to a passively held portfolio with limited active trading, it is a more open question
whether the neglect of taxes matters. Dividend taxes should not matter because the
behavior of stock prices is the crucial issue for the inflation hedge property, cf. above.
In the case of a capital gains tax it could, tentatively, be argued that the inflation
hedge property of stocks is retained on an after-tax basis as long as the tax is fixed
and proportional because the “after-tax’ stock price (ot portfolio value) would be
proportional to the ‘before-tax’ stock price, thereby preserving a one-for-one relation
with the general price level. However, capital gaiﬁs taxes are not proportional and
have not been fixed over time, so this aspect negds closer investigation. This is an
interesting but in the Danish case also highly challenging question to addre;s because

taxation rules are complex and differ markedly between different types of investors.

The result that (Danish) stocks in the long run hedge against inflation should be of
interest to any rational investor who cares about the real value of his investments and
who has a long-run investment horizon, e.g. a pension saver, Hence, the hedge
property has ceferis paribus implications for optimal portfolio choice because not all
assets are immune to inflation uncertainty. For instance, nominal bonds can at most
compensate for expected inflation, leading to real uncertainty of a bond investment.
However, one should be careful with the proper interpretaﬁon of the inflation hedge‘

result.

First of all, the result relates to the market portfolio of stocks, i.e, the highly-
diversified portfolio consisting of all stocks listed at the CSE. A high degtee of

diversification must be expected to be necessary in order to sustain the hedge property
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against the overall price level because relative prices of goods and services and,
hence, relative firm profits change over time. !

Secondly, the inflation hedge is a long-run phenomenon, so that stocks should be
expected to compensate for inflation in the ‘long run’ and the ‘long run’ only, Our
analysis does not answer the question how long the ‘long run’ is, but the lag length of
the VAR model and the estimated adjustment parameter (together with return
regressions, see above and Appendix B) loosely indicate that a time span of 5-10
years is the appropriate horizon, It should be emphasized that the interpretation i$ not

that stocks compensate for contemporaneous inflation over a fixed (say) 5-year :

- hotizon, but rather that stock prices have adjusted completely to current inﬂalioni after

an adjustment period of 5 years. Thus, over a fixed investment hotizon of 5 yearsj an.
investor may only get compensated for the first year of inflation but not (fully) fér the
remaining 4 years of inflation. This interpretation distinguishes our approach fror?n the
return regressions approach which focuses on a fixed horizon, and is related to the

different assumptions on the adjustment-speed of stock prices. '

Finally, the hedge result is framed within a structural model for stock prices whete
real production and a discount rate also enter as explanatory variables. The result that
stock prices move one-for-one with the general price level thetefore applies to what
could be called a controlled or ceteris paribus ‘expetiment’ where the price levelhs
changed whilé real production and the discount rate are kept fixed. This means th}at in
the event of inflation, stock prices may not always end up by increasing :
proportionately, i.e., with the same relative change as the general price level, because
(and only because) real production and the discount rate may have changed i
simultaneously. This does not contradict the hedge hypothesis but rather reﬂectslthe
fact that stock prices do not depend only on the price level. Thus, real stock prnces
may change due to innovations in real fundamentals. The standard return regression
literature also focuses on a ceteris paribus ‘experiment’ when drawing mference|0n
the inflation hedge hypothesis. “
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In the field of monetary economics, it is standard to dlstlngulsh between the

‘neutrality’ and ‘superneuirality’ of money, see e.g. Grandmont (1988) ‘Neutrahty
means that a change in the Jevel of the money stock has no effects on real economic
variables (production, employment, and so forth) whereas ‘superneutrality’ implies
that a change in the growth rate of the money stock has no real consequences. Using a
corresponding terminology, the evidence provided o\n the long-run relationship
between stock prices and the general price level can be given the interpretation that
inflation is both neutral and superneutral to stocks in the long run, Tha;c is,a
permanent change in the general price /evel will, according to (9), eventually lead to a
proportionate change in stock prices, leaving real stock prices unaffected: Similarly,
from (9), a permanent change in the rate of inflation, i.e., the growth rate in the
general price level, will in the long run result in an equivalent change in the growth
rate of stock prices and there will be no impact on real stock prices. Notice that it is a
prerequisite for both neutrality and superneutrality that real produ‘ction‘and the real
discount rate are unaffected. This seems as the(;’gasonable assumption when
considering the long-run responses to one-off changes in the price level. A; to the
case of superneutrality, changes in the inflation rate will have no impact on real
production and the discount rate and, hence, real stock prices if the economy is
characterized by the property of Classical Dichotomy between the real and the money
sectors in the long run”'. The latter assumption is often used both in macroeconomic
theory (it forms, in particular, the corner stone of the traditional Neoclassical-

Keynesian Synthesis) and applied business-cycle research.

o Following the definition by Grandmont (1988, p.2), Classical Dichotonty applies if real magnitudes
are determined exclusively by the real sector while absolute prices are determined by the equilibrium
condition for money.
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Appendix A: Alternative Candidates for a Cointegrating Relatio%n
1

This appendix reports the results from estimating alternative candidates fora |
cointegrating relation for stock prices, cf. (5),- while using alternative measures of the

general price level and real production, respectively. For the general price level, we -

_-have examined three different measures, the official Consumer Price Index (CPI)

(denoted by p, in the following), the ihlplicit price deflator for total GDP in factot
prices (pyf;) and, finally, the implicit price deﬂator‘ for GDP in factor prices in the;
sector of manufacturing (pyfi,). For real production, we use data on total GDP
(denoted by yf}), respectively, GDP in manufacturing (yfi,), both in fixed 1980-factor
prlces The price deflators and production measures are taken from National Accounts
and all series are in log-levels. For the growth-adjusted real discount rate (t,in (5)),
we, throughout, use the same proxy as in the main text, cf. section 3. The esumatﬂons
and tests are performed by a single-equation cointegration method, that is, the Engle

and Granger (1987) two-step procedure (EG2). i

To begin with, we have to test for the stationarity properties of the data series (sto;ck
prices, all price and production measures and the discount rate proxy). Unit root t‘?sts
have been performed following the same approach as in section 3 and the conclusion
is that all series are integrated of order 1, i.e., non-stationary in levels but stationary in
first differences (tests not reported). Hehce, the regression in (5) is balanced which is

|

a prerequisite for using the EG2 procedure for estimation purposes.
<Table A.1>

i
Table A.1 reports the alternative estimates of (5) and the corresponding tests for |
cointegration. The measures used for the general price level and real production aLe
indicated in the first column. For example, the regression of the first entry uses the

price deflator for total GDP and, cotrespondingly, total GDP in fixed prices as thie

relevant measures. The second column shows the OLS estimates of the coefﬁcier“ts of

(5) (stated as a cointegrating vector which is normalized on stock prices), togethef

with indicative OLS standard errors. For instance, the price level coefficient in the
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regression of the first entry (the estimated B;) is 1.38 with an indic‘ative OLS standard
error of 0.14. A residual-based test for cointegration is performed by testing the null
hypothesis of a unit root in the process for the OLS residuals. If the null is rejected,
the residuals are stationary and the regression (5) is concluded to be a cointegrating .
relation. The test results and conclusions on cointegration are reported in the
remaining columns of the table, using the cointegratiﬁg regression Dickey-Fuller test
(CRDF), cf. Engle and Granger (1987) or Hanmiilton (1994). The nmnber of
augmenting lags (of the first differences of the residuals) in the CRDF 4test is chosen
according to a “specific-to-general” procedure, taking the simple Dickey-Fuller

regression without augmentation as the starting point and - in case this regression

- shows signs of being misspecified (serial correlation in the disturbance term) -

including lags until diagnostic tests are passed. A maximum of 1 augmenting lag

suffices in the tests reported in Table ALR

The choice of production measure is important for whether or not (5) is a
cointegrating relation. The first two regressions.(}in Table A.1 which both use an
explicit measure of production show no cointegration at the 10% significance level.
Because the OLS estimates indicate that the production measures are insignificant, a
regtession is run (third entry) where prices and production are combined in nominal
production (using total GDP in current prices as the relevant measure, denoted by yf;
in the table) to check whether this enhances the presence of cointegration, This is not

the case™.

In the last three regressions in Table A1, we have replaced the explicit production
measure by a deterministic trend (denoted by t), which can be interpreted as a proxy
for the trend growth in production. Results show that the inclusion of a deterministic

trend leads to cointegration at the 10% significance level when measuring the general

* The level of augmentation used in Table A.1 is the same as one would get from a “general-to-
specific” procedure, starting out with a Dickey-Fuller regression with 5 augmenting lags and then,
successively, removing insignificant lags from the highest order.

 We have examined alternative measures of real production including GDP for the private sector and
GDP for the private sector excluding farming and housing, but without any further success. The lack
of cointegration and the apparent insignificance of the production measures, basically, suggests that we
have not been able to find a good proxy for the production of goods and services by the representative
firm on the Copenhagen Stock Exchange.
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|
price level by CPI (entry 4) ot the factor price deflator for manufacturing (entry 6).
Cointegration is most evident in the latter case with cointegration being accepted i:llSO.

at the 5% significance level, Cointegration is just rejected when using the factor price

- deflator for total GDP as the price measure (entry 5).

"Despite the fact that the evidence of cointegration is strongest when using the price

deflator for manufactdfing as the price measure, we prefer to test the hedge i

hypothesis in terms of CPI inflation for the reasons stated in section 3%,

24 Wwhile CPI seems most relevant to stock investors, a deflator for GDP in factor prices (or a net ::rice.
index) may actually be more relevant to firm profits and, hence, more adequate for the theoretical’
framework of section 2, Thus, CPI includes indirect taxes paid by the consumers. Furthermore, CFI
measures the prices of (domestically consumed) consumer goods and services and, thereby, ignores
(say) the prices of investment goods. A factor price deflator captures the prices of all goods and i
services produced. However, whatever price measure used, it is just a proxy for what we really want to
measure, and that is the prices of goods and services produced by the representative firm at the |
Copenhagen Stock Exchange. In particular, what we need is a good proxy for the long-run movements
in the ‘true’ prices and, in this respect, CPI may do as well as e.g. a factor price deflator. It should.also
be recalled that the use of a proxy for the price level does not undermine the asymptotic consistency of
the coefficient estimates in a cointegrating relation, cf. Hamilton (1994), provided cointegration is
preserved. .
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Appendix B: Evidence from Return Regressions

In the literature, the inflation hedge hypothesis is tested by examihing the link
between stock returns and contemporaneous inflation. This appendix provides\
comparable results for Denmark, focusing on the three investment horizons of 1, 5
and 10 years. : N ¢
The Erﬁpirical Model

Based on the theoretical framework of section 2, we use the following empirical

model for stock returns over the k-year investment horizon®*:

B1) Sk, =8, +p.dk, +P,GYk, +PB,GRE, +¢,, k=1,5and10years

Sk, denotes the annualized total stock return over the k-year investment hotizon,
including both capital gains and dividend yield./gk, =(A,InP)/k and

GYk, = (A, InY))/ k are, respectively, the (cor’i'iinuously compounded) annual
inflation rate and the (continuously compounded) annual growth rate in real
production over the same £ year horizon. GRk, = (A, InR,)/ k is the per annum
relative change in the discount rate over the investment horizon while g, finally,
denotes the usual disturbance term. According to (B1), stock returns should be‘
regressed on a constant teﬁ‘n and contemporaneous values of the inflation rate, the
real growth rate and the relative change in the discount rate. Whether or not stocks
provide a hedge against inflation is captured by the coefficient to inflation, B,
measuring the direct or pattial effect from inflation to stock returns. A formal test of
the hedge hypothesis is performed in two steps, by testing (i) whether inflation has a
significant effect on stock returns (B,#0), and, if the inflation effect is significant, (ii)
whether the relationship between (changes in) stock returns and inflation,

furthermore, is one-to-one (B,=1).

% The theoretical counterpart of (B1) is obtained by taking k-year differences in the logarithimic
analog to (3) and dividing through by  to obtain pér annum continuous growth rates. We substitute
total stock returns (including dividend yields) for capital gains as the endogenous variable to allow for
a comparison with the literature. It can be shown that this does not affect the empirical results
significantly. The latter reflects the fact that the variation in dividend yields have played only a minor
role for the variation in Danish stock returns over the sample period.

_ the inflation at the three hotizons.
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The Data ;
Data for total stock returns are from the database by Nielsen, Olesen and Risager:!
(1997) and relate to the market portfolio of all Danish stocks listed at the Copenh';igen
Stock Exchange. Inflation is measured by the (annualized and continuously
compounded) gfowth in the official Consumer Price Index (CPI) by Statistics
Denmark, while we as data for real growth use the (annualized and continuously :
compounded) growth in total GDP in fixed 1980 factor prices, taken from Natlonal
Accounts. For the unobservable discount rate, we use the same proxy as in the main
text, of. section 3, and GRE, is calculated as the (annualized) change in this proxy over

a k-yeaf period. All data are annual. In order to cover the same sample period as inthe

- main text, we consider the period 1949-1996 for the 1-year investment horizon, 1953-

1996 for the 5-year horizon and 1958-1996 for the 10-year horizon, At the 5- and;l()-
|

year horizons, we use ovetlapping observations. Figure B1 shows the stock return and
|

< Figure B1 > :
< Tables Bl.a and B1.b > ‘

|
Tables Bl.a and B1.b report the outcome of tests for unit roots, using the Phillips and
Perron (1988) Z-test (PP) and the test by Kwiatkowski et al. (1992) (KPSS). For the
1-year horizon, we conclude that all variables are stationary. The two tests give
conflicting results for the real growth rate but the evidence seems most robust ach!)ss
lag lengths for the PP-test which strongly points to stationarity. For the inflation riate,
the PP-test consistently concludes stationatity at the 10% significance level, while the
KPSS test at the same time gives firm evidence in favor of stationarity when alloijving
for serial correlation in the disturbance term (lag length /=1). At the 5-year horich)'n,
stock returns and the change in the discount rate (GRS,) are stationary. Results foi;‘
inflation are amblguous as the PP-test points to (at least one) unit root whereas the
KPSS test supports stationarity, Real growth is non-stationary according to both {csts
Finally, for the 10-year hotizon, results for both stock returns and inflation are %=
ambiguous. GR10, is stationary while real growth is non-stationary. To conclude,:zthe

static regression of (B1) which requires the data series to be stationary is valid for the
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1-year horizon whereas conclusions are less clear for the 5- and 10-year horizons. At
the latter horizons, the real growth should be excluded to allow for a valid regression
and the regression results should, in general, be interpreted with céution dueto the

possible non-stationary behavior of the data series.
The Results
< Table B2 >

5

Resulis are shown in Table B2. Regressions of the type (B1) are performed for each

- of the three investment horizons. Furthermore, for each investment horizon three

distinct regressions are examined, cf. below. For all regressions, OLS is used for
estimating the parameters, producing consistent estimates. For the 5- and 10-year
horizons standard errors of the parameter estimates are estimated by the Newey and
West (1987) method to take account of heterosk}e-“aasticity and serial correlation up to
lag S in the disturbance term. The non—standar(i behavior of the disturbance term can
be motivated by the use of overlapping observations. The truncation at lag 5 seems
appropriate as the Newey and West (1987) standard error of the inflation coefficient
becomes stable at this lag length. For the 1-year horizon, we include impulse
dummies for 1972 and 1983 in order to exclude the exorbitant and exceptionally high
stock returns these years (retﬁms 0f 95% and 118%, respective]y).‘ These outliers can
be explained by exceptional changes in the Danish economy including, in particular,
the Danish favorable EEC referendum in 1972, the major shift towards a new
economic policy regime in late 1982 and the introduction of a new pension fund tax
on bonds in 1983, Having included these dummies, the regression residual fulfills the
white noise requirements of being serially uncortrelated and homoskedastic and,
hence, standard errors of the coefficients can be estimated by OLS at the 1-year

horizon,

The first regression for each horizon (first entry) shows the results for “the simple

model”, which is the specification that has been used most extensively in the

literature. This formulation is a special case of (B1) where any effects from real
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I
i

production and the discount rate are ignored (B,=p;=0) so that stock returns are |
explained by inflation only. The problem with this formulation is that if, accordmg to
(B1), ignores potentially relevant explanatory variables. As well known, the omission

of relevant regressots leads to biased estimates for the remaining regressors to the

‘extent that the omitted and included regressors are correlated. Thus, in the simple

model, the estimated cogfficient to inflation could potentially be biased, as it may also

capture relevant effects from real growth and a changing discount rate. Reqults for the

‘simple model should, therefore, in general be interpreted with caution.

The second regression for each horizon (second entry) shows results for (B1)
including both real growth and the change in the discount rate (“the ex@ended !

“model”). The latter enters significantly and with the correct (minus) sign for all thlgee

horizons whereas real growth has the wrong sign (minus) in each case. However, t:he
effect from real growth is also insignificant at the 5% significance level. For this !
reason, we exclude it from the regression (which is also preferable from unit root :
considerations, cf. above) and arrive at the “reduced extended model” (third entry E;for
each horizon) which can be interpreted as the parsimonious model formulat'ion. l
Comparing the reduced extended model with the simple one, we find that the

inclusion of the discount rate matters at both the 5- and 10-year horizons as it

increases the point estimate of the inflation coefficient.

In testing the inflation hedge hypothesis, we Tocus on the “reduced extended mode‘l”
which provides the best specification in terms of included regressors. The impact of
inflation on the stock return is clearly insignificant at the i-year horizon, where thj?
estimated inflation coefficient for all practical purposes is zero. At the 5-year horiii,on,
the coefficient of 1.01 is very close to one, but the coefficient standard ertor is ]arée
(0.55) so that the inflation effect is only at the boarder of being significant, using I
coﬁventional significance levels (the critical significance level of a two-sided t-tefét
for significance is 6.6%). If the inflation effect is accepted to be significant, the !
hypothesis that stock returns and inflation move one-for-one is clearly accepted. A't

the 10-year horizon, the inflation coefficient of 1.01 is strongly significant with a |t-
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statistic of almost 5. Moreover, the hypothesis that the inflation efféct is one (B;=1)

receives strong support.

<

To judge the robustness of the latter evidence, a recursive estimation of the reduced .

extended model at the 10-year horizon is performed, cf, Figﬁre B2.
A}

< Figure B2 >

{

The support of the inflation hedge hypothesis at the 16-year horizon is certainly not

stable ovet time. It is only with the inclusion of the observations in the mid-1980s that

 the hypothesis can be supported. Using a sample from 1958 to the early 1980s, the

inflation effect is largely insignificant. This seriously questions the robustness of the

inflation hedge result at the 10-year horizon. A similar picture can be shown for the 5-

year horizon.
4

Conclusion : .

Using the standard return regressions approach, we find that stocks are certainly no
hedge against inflation at the short 1-year horizon. Apparently, the hedge hypothesis
receives mild support at the medium 5-year horizon and strong support at the long 10-
year horizon. However; a closer examination raises serious doubts about the validity
of this conclusion because estimates of the parameters in the retutn regressions and, in
particular, the estimated coefficients to inflation, are highly unstable over time.
Moreover, the regressions at the 5- and 10-year horizons suffer from a potential
problem with non-stationary data seriesS. Hence, we conclude that the return

regressions approach does not produce reliable support to the hedge hypothesis.

% Other econometric problems include a small nuraber of non-overlapping observations and a
possible measurement etror bias in coefficient estimates due to the use of a proxy for the discount rate

regressor,

Chapter 1

Figure 1. The Data

Levels and fitst differences of (by row and from the top) stock prices, the general l

price level (CPI) and the real discount rate (proxy). Variables in logs. |

Sample: 1948-1996.
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Table 1.a. Phillips and Perron (1988) Z-Test for Unit Root :

1948-1996 :
Lag length (1) ‘ ! -

Series: ) 0 1 2 3 4 5 6
Levels: ]
q () 242 -2.24 -2.23 224 222 -2.23 -2.25
p (D -0.84 -1.08 -1.22 -1.34 -1.44 -1.53 -1.61
1, : -2.68* -2.64% -2.61* -2.59 -2.54 -2.53 -2.51
First differences: .
Aqg S8.95WHK B OQTRkR _Q Q4mkk 0 [FRAR L 20KEN LG 4Tkkk g Fokk%
Apy 2.9%  2.04%k 2.80% -2,70%  -2.73% -2.778%  -2.86*
Ay, - S8 14%kK (g [5kAk LSk G A KHE (B GOFKE LQ (kI 9 4okH
Critical test values: 10% 5% 25% 1%
Without trend -2.60 -2.93 -3.22 -3.58
With trend -3.18 -3.50 -3.80 -4,15
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Table 1.b. Kwiatkowski ef al. (1992) Test for Unit Root

Note:  The Phillips and Perron (1988) unit root test is based on the fivst ordet autoregression
x=or+px,.;+u; (without trend), respectively, xy=atpx,. +8t+u, (with trend) where the disturbance term v,
has mean zero but can otherwise be heterogeneously distributed (heteroskedastic) and serially
correlated up to lag /, see also Hamilton (1994). The Z, test statistic is as a modified t-statistic for the

null hypothesis of a unit root (p=1), corrected for the possible non-standard properties of . The nult is -

rejected in favor of the stationary alternative (p<1) if Z, is negative and sufficiently large in absolute
value. Critical values are from Hamilton (1994, Table B.6) for a sample size of 50, *,** and ***

denote rejection of a unit root at the 10%, 5% and 1% significance level, respectively. All regressions -

include a constant term. (T) indicates that the regression includes a deterministic trend.

1948-1996 1
Lag length (1) !

Series: 0 1 2 3 4 5 6
Levels:
g D 0.84%x%  QARkEE  (35k4k 028%%%  0.24%%% 021%%  0,19%% |
pe (D 0.70*+£°()36%%%  025%%% 0,19%F 0.16%* 0.14%  0.13* |
1y 2.58%Kk | ATHER ] Q7RKE (. 86%%F 0,73%*  0,65%%  (,58%* !
First differences: '
Aq, 0.12 0.17 0.19 0.21 0.24 0.26 0.27
Apy 0.61**  0.36* 0.28 0.23 0.20 0.17 0.16 :
Aty 0.05 0.06 0.07 0.09 0.11 0.12 0.15 .
Critical test values: 10% 5% 1% !
Without trend 0.35 0.46 0.74 !
With trend 0.12 0.15 0.22

Note:  The Kwiatkowski ef al. (1992) test for a unit root is a Lagrange Multiplier test of the null
hypothesis that the series can be described by a stationary process (possibly around a deterministic
trend), against the alternative that the process also includes a random walk component. The null of
stationarity is rejected in favor of the unit root alternative if the test statistic is sufficiently large. !
Critical values are from Kwiatkowski ef al. (1992). *,** and *** denote rejection of the null (i.e.
unit root is accepted) at the 10%, 5% and 1% significance level, respectively. Lag length / is the .
number of lags allowed for in the stationary component of the process. (T) afier a series indicates that
the test allows for a deterministic trend, i.e., the null hypothesis is trend-stationatity. Otherwise, the
null is.mean-stationarity. ) !

=
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Table2.  Specification Tests of the VAR quel P

Estimation sample 1952-1996 }
Multivariate tests: ‘ : <
Vector Autocorrelation order 2 F(18,65) = 1.05 [0.42]
Vector Autocorrelation order 4 F(36,50) = 092 [0.60]
Vector Autocorrelation order 6 F(54,33) = 098 {0.54]
Vector Heteroskedasticity (squares) F(156,2) = 0.02 {1.00]
Normality y6) = 7.60 [027]
Univariate tests: ;

Ag, Ap, { Ary

Autocorrelation order 2, F(2,29): 0.50 [0.61] 0.06 [0.95] 1.80 [0.18]
Autocorrelation order 4, F(4,27): 1.34 [0.28] 0.71 [0.59] 1.15 [0.35]
Autocorrelation order 6, F(6,25): 1.1410.37] 0.56 [0.76] 0.94 [0.49]
ARCH (1), F(1,29): 0.15[0.71] 1.36 [0.25] 0.02 [0.89]
Heteroskedast. (squares), F(26,4): 0.23 [0.99] 0.07 [1.00] 0.54 [0.85]
Normality, x2(2): 2.58 [0.27] 5430071 = 9.18[0.01]*
Goodness-of-fit: ‘
p 0.98 1.00 0.81
Oy 0.184 0.018 C 0012
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Table3.  Cointegration Analysis in the VAR Model
Estimation sample 1952-1996

Cointegrating rank: )
Rank(lT) (r=) 0 1 2

Note: The VAR model has a lag length of 4 (k=4). The F-tests are small sample approximations to
Lagrange Multiplier tests, being adjusted for degtees of freedom. Normality test of Doornik and
Hansen (1994). For a description of the tests, see Doomnik and Hendry (1997). Numbers in brackets are
critical significance levels. * and ** indicate misspecification at the 5% and 1% significance level,
respectively. p is the correlation between actual and fitted values for each equation (variables in
levels). oe is the standard deviation of the residnal term.

Eigenvalue 0.54 0.36 0.17
Trace test 63.3 wx 28,3 % 82
Trace test (adj. for df)® - 46.4 ** 20.7 6.0
95 % critical test value 422 25.5 124
97.5 % critical test value 450 279 141
99 % critical test value 48.6 30.7 16.4
Standardized eigenvectors 3*: . . N
B B2 Bs
qQ 1.000 0.066 0.031
Py -1.037 1.000 - 0.008
Ty 5423 -15.338 1.000
t -0.011 -0.053 -0.004
Standardized loadings o; ~’ P \ .
B B2 "X Bs X,
Agq : -0.877 -0.136 8.049
Apg -0.017 -0.051 -0.565
Aty -0.017 0.010 -0.593

Note: Maximum Likelihood Estimation by the Johansen-method, cf. Johansen (1996). The trace

tests test for each value of r the null hypothesis Hy: rank(IT)<r against the alternative Hy: rank(X1)>r,

The null is rejected iff the trace statistic is larger than the critical test value. Critical values from Table

15.4 in Johansen (1996). *, ** and *** indicate rejection of the null at the 5%, 2.5% and 1% |

significance level, respectively. The standardized eigenvectots are normalized on the diagonal wrt, the

%ndogenous variables. Corresponding o-loadings. ;
The asymptotic trace test of the Johansen-method.

Small sample approximation to the asymptotic trace test, obtained by adjusting for

degrees of freedom, of, Reimers (1992).

Xt =(¢lupul‘ut)’
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Figure B1. Stock Return and Inflation

Annual stock return and inflation for the (by row) 1-, 5- and 10-year horizon.

Sample periods 1949-1996, 1953-1996 and 1958- 1996 respectively.
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* %4 and *+* denote rejection of the null of a unit root at the 10%, 5% and 1% significance level,

respecuvely
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!
Table Bl.a.  Phillips and Perron (1988) Z-Test for Unit Root |
]
Lag length (1) ,
Series: 0 1 2 3 4 5 6
1-Year Horizon, 1949-1996:
SL -8, 52% %k B 5ok G 53kick B SGHkE B GIHKK LB G7HEE G JDHAK
I 22.79%  -2.94%% .3 80%  .2.70%  2.73% 278 -2.86*
GR1, B 14% R L Shak B OSREE B 4 kK LG GOKKK G OQR¥K .9 45HAx
GY1, S527kkE L5 DAREE G ARk 5 JOkkk L5 A KKk L5 S0kkE 5 55k
5-Year Horizon, 1953-1996: .
S5, S3.6%F S3 01 323k 300%k 308k 3 5%k 3,080k
15, -0.31 -0.63 -0.78 -0.91 -1.01 -1.08  -1.13
GRS, S3.25%k .335%% L34k 336%F 33k 311%E D06
_GYS, -1.28 -1.41 -1.43 -1.49  -1.56 -1.54 -1.49 .
10-Year Horizon, 1958-1996; l
S10; 219 215 -2.18 <2.19 -2,18 -2.20 -2.20 ,
110, -0.25 -0.57 -0.74 -0.88 -0.99 -1.08 -1.16 !
GRI10; -2,80*%  -2.81*%  -2.80% -2.78% -2.79% .2.82% -2.82%
GY10, -0.28 -0.40 -0.41 -0.49 -0.58 <064  -0.68 i
Critical test values: 10% 5% 25% 1% |
Without trend «2.60 -2.93 -3.22 -3.58 i
Note:  See note to Table 1.a. All regressions include a constant term, while no trend is allowed
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Stocks Hedge against Inflation in the Long Run

Figure B2. Recursive Estimation of the 10-Year Return Regression
Recursive point estimates (solid line) and 95% confidence bands for the coefficients
of the 10-year return regression (reduced extended model). Recursive least squares.
Full sample: 1958-1996. ‘ “‘\‘
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Abstract

This paper analyzes whether, and to what extent, the Danish 1, 5 and 10-year equity premia
are predictable. We examine the predictive power of a comprehensive list of financial ratios,
interest rates and so forth. The results show that the S-year premium is predictable in the
sense that the model explains-a non-trivial proportion of the variability of the equity premium.
Moreover, the model is good at predicting turning points in the premium, We also analyze the
Dportfolio implications of the model and find that the model is useful in predicting the optimal
return maximizing portfolio choice. Finally, the paper presents forecasts for the S-year equity
premium.

* We have benefited from comments by seminar patticipants at the Department of Economics,
Copenhagen Business School and by participants at the international workshop “Where Does
the Stock Market Go ?”, Dalgas Have, Copenhagen. In particular, we thank Steen Nielsen and
quem Hansson. We also thank Christoffer Koch Serensen for highly efficient research
assistance.

T The activities of the Economic Policy Research Unit (EPRU) ate financed by a grant from
the Danish National Research Foundation,
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!
1. Introduction ’
The relationship between the stock market and the bond matket and between the retur!n on the
two assets has been an active research area for many years in economics. In the academic
literature on the topic, twol approaches can be identified. The first approach attempts to
explain the fundamental nature of the relationship between the two asset returns using_: general
equilibrium theory. The second approach investigates the empirical relationship betwézen the
two asset returns and other variables that may be of importance within a partial equilibrium
framework. This literature has in particular focused on whether and to what extent it i:s
possible to predict the movement of the stock market relative to the bond market, which has
bearings for the efficient market hypothesis. ,
In recent years, a large proportion of the general equilibrium research on stock and bond
returns has been influenced by the Consumption-CAPM. According to this theory, the high
return on stocks relative to bonds reflects the different covariances the two assets have with
consumption. Because stock returns tend to covary mote with consumption than bond retutns,
stocks are a poorer hedge against consumption fluctuations, and due to that stocks requite a
premium for investors to be willing to hold them, Kocherlakota (1996) surveys this literature

and arrives at the conclusion that the magnitude of the equity premium remains a puzzle for

" the US, see also the pioneering paper by Mehra and Prescott (1985).

The other sttand of the literature has searched for and actually found variables that have
predictive power against the equity premium. This literatute has shown that several ﬁ;t)ancial
ratios like the dividend price ratio, the price earnings ratio but also short and long terrLl

interest rates may have predictive‘ power against the equity premium, see e.g. Lamon:ti (1998)
and Blanchard (1993). To the extent that it is possible to predict the return on stocks felative

to the known or predetermined bond yield, this may be interpreted as a signal of market
inefficiency. A related literature has solely been concerned with the predictability of ;ﬁtock
returns and found that the aforementioned financial statistics also have predictive poy;Ver

against stock returns in particular in the medium and long term, see e.g.. Campbell arlld Shiller |

(1998) and the survey in Campbell ef al. (1997). : lll
i

i
The purpose of this paper is to analyze the Danish equity premium and in particular to study

whether the premium is predictable. While results for the Danish market should be of interest
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in themselves, the paper may also be of interest in a broader perspective as the predictability

literature has mainly focused on the US, whereas less is known for ot;her markets. Moreover,

the paper examines the predictive power of a fairly comprehensive list of potential predictor ¥

variables both in a single and mulii-variable setting, that is, we investigate whether a candi- '

date variable (e.g. the dividend-price ratio) is a useful pxedlctor variable both when used in

isolation and when other predictor variables are allowed for. We examme the 1-year, the 5-

year and the 10-year equity premium within the period 1922-97. Our results show that the 5- ’
year premium is predictable in the sense that thete are predictor variables that explain a non- |
trivial proportion of the variability in the premium. In contrast to sevé:ral of the eatlier studies,
however,' we do not stop at this stage but proceed to investigate whether the statistical model
is actually useful for forecasting purposes. To this end we check the stability of the model
within the sample, and we also calculate the risk adjusted return we would have obtained had
we followed the predictions of the model from 1971 and onwards in choosmg between
investments in stocks and bonds. We compare this risk adjusted retutn to a pure bond and a
pure stock strategy, and find that the model outpe;fgrnxs these strategies. An important -
explanation of the success of the model is its ability to predict turning points ar}d significant
movements in the equity premium and hence to predict when it pays‘to choose either a

diversified stock portfolio or a bond portfolio.

The paper also presents the prediction of the model for the 5-year period 1998-2002. This is of
importance also from a practical view point because several analysts have predicted that stock
markets will display large declines in the near future. Thus, Campbell and Shiller (1998) have
argued that the stock market outlook in the US is extraordinarily bearish. Their prediction,
frequently cited in the Financial Press, is entirely based on the current low dividend-price
ratio, which they argue is likely to increase to its historical mean via essentially large declines
in stock prices. Engsted and Tanggaard (1998) have replicated this analysis on Danish data,
and their prediction is almost as gloomy as the forecast by Campbell and Shiller (1998). An
important contribution of this paper is to demonstrate that the outlook for Denmark is not
nearly as pessimistic when proper account is taken of other predictor variables. Thus, by
allowing for not only the dividend-price ratio but also for other variables, the stock market
forecast is certainly not a crash. Moreover, in the Danish case there is no reason to believe that
the dividend-price ratio should return to its mean simply because this variable is not station-

ary. This has to do with institutional changes in the Danish economy that took place in the
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beginning of the 1980s where the dividend-price ratio declined sharply, see Nielsen alild

i

Olesen (1999). !

Section 2 of the paper presents the historical magnitude and movement of the equity premium
at the three horizons and, furthermore, sketches the framework for the predictability analysis.
Section 3 discusses a list of varlables that might have predictive power and we also brleﬂy
comment on their statistical properties, which is of importance for the way we can formulate
the regression equations. Section 4 presents the regression results for the 1-, 5- and 10-year
horizon. Section 5 evaluates the statistical models in terms of parameter stability in-sample
while section 6 evaluates the S-year model in a portfolio performance setting. Section 7
reborts and discusses the forecast for the 5-year period 1998-2002, and section 8 summarizes
the paper. !

l

2. tock Returns, Bond Yields and Equity Premia |
The 1-year, 5-year and 10-year nominal stock return along with the 1-year, 5-year and 10-year
nominal yield to maturity on government bonds are illustrated in Figures 1,2 and 3 ‘.!The

stock returns consist of the dividend yield and the capital gain (the equity price change).

Figure 1 shows that the 1-year stock return is highly volatile as compared to the short%interest
rate. There is very little correlation between the stock return and the interest rate in the short
term; the simple correlation coefficient equals 0.19. Because stocks tend to yield higlfer return
than bonds the 1-year equity premium is positive in the majority of the years. The average
annual equity premium over the period 1924-1996%, defined as the difference betweer the 1- ‘\ ‘ |
year stock and bond return equals 2.3 per cent, and is fairly low by international comﬁarison.

|
< Insert Figures 1, 2 and 3 around here > 5
I

U All returns are log returns (defined as the log to one plus the return) and théy are all
annualized. Moreover, they are forward looking. Our data are from the Nielsen, Olesen and
Risager (1998) Database, Copenhagen Business School. i

2 Note that the notation adopted implies that the last recorded return is ultimo 1996
and is for the calendar year 1997.

1;}
.“1‘
|
|
J
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Figure 2 depicts the 5-year stock return (5-year geometric average of ;the annual returns) and
the 5-year interest rate. Because economic theory predicts a close relétionship between the
return on equity and the interest rate, of. below, it is encouraging to notice the existence of a
high degree of correlation in the medium term as witnessed also by the correlation coefficient
which equals 0.62. Figure 3 displays the corresponding series for the 10-year horizon. At this
horizon, the bond and stock return are also closely correlated. The correlation coefficient

equals 0.78.

The close relationship between the two asset returns is familiar from the theory of equity
pricing, sée e.g. Campbell ez al. (1997)° . In this context stock prices are determined as the
exbected discounted value of future dividends. This forward looking pricing equation is
related to or follows from a no-arbitrage equation between the stock and the bond markets,
which states that the expected A-period stock return Sk§ (where &=1, 5 and 10 years), consist-
ing of both.a dividend yield and a capital gain component, is equal to the k-period interest rate

Bk, properly adjusted for a risk premium y%,, \;ﬁ

) Sk¢ = Bk, +1,

If the realized stock return Sk, exceeds this expected or equilibrium return, stocks earn
excessive returns. Likewise, bonds yield excessive returns if the realized stock return turns out
to be lower than its expected level in (1)*, According to the efficient market hypothesis, it is
impossible to earn excess returns in a systematic way, that is, over long horizons excess
returns should on average be zero. A necessary condition for this to be the case is that realized
excess returns are unforecastable on the basis of available information (i.e. white noise),
meaning that the best estimate (the point estimate) of excess returns is always zero. Thus,
predictability is a sign of market inefficiency. What we need in order to make the efficiency

hypothesis testable is an operational model for the equilibrium retutns in (1).

3 The relationship between stock and bond returns is also known from the neoclassi-
cal investment model, which produces a first order condition for optimality that says that the
total return on a unit of capital, measured as the dividend yield plus the capital gain, should
equal the opportunity cost of capital appropriately adjusted for depreciation and risk, sec e.g.
Blanchard and Fisher (1989).

4 By use of (1), excess returns can be determined as EXCk, = Sk, ~ Bk vk, .

hypothesis with an escape clause. |
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The often used hypothesis is that the risk premium is constant over time. Under this a:ssump-
tion, the efficient market condition is equivalent to the statement that the equity px‘emium PRF,
(=Sk~Bk,) is unforecastable except for the constant term capturing the constant risk plfemium.
The efficient market hypothesis is tested by examining whether the premium PRE, can be
forecasted on the basis of available information. This test is conducted by regressing the
realized premium PRk, ona se; of potential predictor variables, cf. below, and if thesé
variables explain a non-trivial proportion of the variability of the premium we may conclude

that there is departure from efficiency under the null that the risk premium is constant.

If the risk premium is time variant, predictability may but need not signal market inefficiency,
see also Campbell e al, (1997). In the light of the inherent difﬁculty'in testing the efficiency
hypothesis, we interpret predictability as weak evidence against efficiency, because tl:ie

potential time variability of the risk premium endows proponents of the efficient marlket .

Bl

3. _Potential Predictor Variables and Their Statistical Properties '
The close medium and long term relationship between stock returns and interest rates!
naturally an important focus for a paper that investigates whether, and to what extent, it is
possible to predict stock returns. However, since the paper also deals with the efﬁcienzcy issue,
which relates to the predictability of excess returns rather than stock returns, we have ?chosen
the equity premium as the dependent variable. Another motivation for this choice is that 5-
and 10-year stock returns and interest rates are non-stationary, whereas the return diff;erence is
stationary, see Appendix 1 for unit root tests. Henice, we can analyze the equity premi!um by

conventional statistical methods. In the statistical analysis that follows, the 1-year premium is

defined as the (natural) log of one plus the 1-year stock return minus the log of one p!lus the 1-
year interest rate, denoted PRI, The corresponding 5- and 10-year premia are denoted' PRS
and PR10, respectively. Below, we discuss potential predictor variables. The vanableé that all
relate to fundamentals are selected because they often enter in both academic 1esearch and
practitioners’ applications. I

i

b
The dividend price ratio. Several studies for the US have shown that the ratio betwe!fen

current dividends ., 1D, and the end of petiod stock price P, has predictive power in the medium

and long term in particular, see e.g. Campbell et al, (1997). According to these empirical
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studies a low ratio signals falling future stock prices (and not increaéing dividends). Hence, a
low dividend price ratio is a warning of low futute stock returns. Because the Danish dividend
price ratio is non-stationary, according to standard unit root tests, we do not use the ratio as it
is but subtract an equally weighted moving average of the dividend-price ratio (the current

and past five years observations) from the cutrent dividend-price ratio, resulting in a station-

aty variable. This stochastically detrended dividend price ratio is denoted D7 P,

The dividend yield, Another measure of fundamentals is the divide?nd yield.- Y/d, defined as
+1D/Py;, that is, current dividends divided by beginning-of-period stock prices. The dividend
yield caﬁ be viewed as an alternative to the dividend price ratio with the difference being the
timing of stock prices. This variable is also non-stationary, and we shall therefore also work

with the dividend yield subtracted by an equally weighted average of the current and past five

observations, This modified dividend yield is labeled Y/d:

4
Interest rates. For each horizon we use the appropriate interest rate subtracted by a moving
average of the current and past five observations. A motivation for introducing interest rates
as predictors for the equity premia is that the empirical relation between stock returns and
bond returns may not be a one-to-one relationship as implicitly assumed when using the

premium as the dependent variable. This may be captured by including interest rates. The

modified interest rate variables are henceforth labeled B> 85, and B10, , respectively.

Term structure variables. An upward sloping yield curve may signal higher economic
activity in the future, which in turn may be positively correlated with earnings and stock

returns. To the extent that this potentially valuable information is not incorporated (correctly)

in current stock prices, the term structure may have predictive power for the equity premium.
The term structure variable for the 10- versus 1-year horizon is defined as the log of one plus
the 10-year interest rate minus the log of one plus the 1-year interest rate and denoted TE10-1,.
The other term structure variables are defined analogously and denoted TES5-1, and TEI 0-5,

respectively.

5Any of the detrended variables that we are using can be written as: X, =X, - (X, +
w + X6 = (5/6)(X, - (X, + ...+ X, ;)/5). Hence, the impact of X, on the dependent variable
in the predictor model is (5/6) times the coefficient to the detrended variable.
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Mean reversion. In the Danish case there is evidence of mean reversion in the sense ihat
good years in the stock market are followed by bad years and vice versa, see Risager (1998)
To capture this we include lagged 1-year equity premia, denoted PRI, ;, PR1,,and PRI, ;,
respectively. Further lags have proved to be insignificant as predictors °, It is important to
emphasize that these are the‘ 1a§ged equity premié and that there is no overlap between these

variables and the dependenf variable.

It is customary to distinguish between three kinds of matket (or informational) efficiency,
depending on the speciﬁcatioh of the information set that can be used for predicting excess
returns: weak-form efficiency (information set consisting of past realizations of returns and
prices), semi-strong-form efficiency (all publicly available informatien) and strong-form
efficiency (all information, including privately held information). Evidence of mean-llevei‘sion
can be interpreted as evidence against market efficiency in its weakest form, while fox,i‘e- P
castability on the basis of the other predictor variables is evidence against market efficienicy in
its semi-strong form, albeit not definitive evidence as noted earlier. ;

4. Regression Results |
In the analysis to be reported below we first perform a single variable analysis where !each

candidate predictor variable is entered separately. The well-known weakness of this abproach
is that the parameter estimates will be biased if some of the other (omitted) variables have
explanatory power and if there is correlation between the included and the omitted yai‘iables.
We therefore also run regressions with all variables entering at the same time, and fro?n the
general specification we derive the parsimonious representation in which all variables: are
significant’. The latter model is the prefetred one for both econometric and economic Ereasons
because the model includes all relevant information. All coefficient estimates are obtq’ined by
OLS. Due to the use of overlapping observations, there are potential serial correlaﬁoni and
heteroskedasticity problems at the 5 and 10 year horizons. The standard etrors of the !?oefﬁ-

i'

¢ Note that in the 1-year premium equation this implies that the lagged dependent
variable appears as an regressor. This leads to biased OLS estimates, but the OLS estimates

are still consistent as there is no serial correlation in the disturbance term. l=

7 The least significant variable is first omitted, After the model has been reestimated,
the next insignificant variable is deleted, and so forth. We use the standard 5 per cent :
significance level in the modeling reduction process.
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cients are therefore estimated using the Newey-West method, of. Newey and West (1987),
which gives consistent estimates. For the 1 year horizon, White’s héteroskedasticity consistent
method is used for estimating the standard errors. For the parsimonious representations at
each horizon diagnostic graphics including a plot of the fit of the modeol are shown in

A}

Appendix 2,

4.1, The 1-Year Equi ium
The results for the 1-year horizon are reported in Table 1. Rows 1 to 7 give the single variable
regressions while row 8 shows the full model with all predictor variables included simulta-

neously. Row 9 is the parsimonious equation, which is the preferred model.

The results show that the term structure (10 minus 1 year) is signiﬁémt at the 1 per cent level
in the parsimonious regression. A rise in the 10-year interest rate rel}ztive to the 1-year rate
signals a higher equity premium. The parsimonious regression also Includes the lagged 1-year
equity premium. High past equity premia are assgi‘f;i’ated with declining future premia, that is,
there is evidence of mean reversion. It is interesting to note that the dividend price ratio,
emphasized by Campbell ez al. (1997) and Campbell and Shiller (1998), is insiéniﬁcant (even
at the 10 percent level) when entered separately and is removed in the modeling reduction
process leading to the parsimonious model. Altogether, the two significant variables only
explain 16 per cent of the variability in the dependent variable. The conclusion is therefore
that there is a lot of noise in the 1-year premium and due to that predictor variables do a poor

job in forecasting the premium in the short term.

< Table 1>

4.2. _The5-Year Equity Premi

The results for the 5-year premium are statistically stronger than for the 1-year premium, In
the parsimonious equation reported in Table 2, both the dividend yield, the interest rate and
the past 1-year equity premia are all highly significant. Furthermore, the parsimonious model
explains 44 per cent of the variability of the 5-year premium, which is a satisfactory result for

a pure predictor model.
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< Table 2>

The parsimonious model can be rewritten in a form where only the 5-year stock return appears
on the left hand side?, ]
s

2 85, = 0026 +1.07B5, +2.72(Yld, - ¥id; )~ 0.16 PR, , ~ 006 PR1,_; +u,

where a ‘“*’ denotes moving a{rerages over the past 5 years (excluding the curtent valué) and u
is the residual. This equation has several interesting characteristics. First, a one perceniage
point increase in the dividend yield is associated with a 2.72 per cent increase in the S-fyear
stock return (and equity premium). This estimate may seem high, but the high degree (I)f '
statistically significance underscotes the point that the dividend yield is an important ﬁredictor
variable. Second, the interest rate affects stock returns through the average of the past Iﬁ yéars’
interest rates. The effect is roughly a one-to-one effect, meaning that a one percentage fpoiht
increase in the average interest rate over the past 5 years approximately predicts a onei
percentage point increase in the 5-year stock return. It is important to note that 5 chanée in the
contemporaneous interest rate has a negligible effect if this change does not persist into the
future, Third, past equity premia also play an important role at the S-year horizon, Hig:h
returns in the past signal low stock returns in the future. According to the coefficient estimate
as much as 80 per cent of any 1-year premium will ceferis paribus be reversed within the

coming 5-year period. -

4.3. " The 10-Year Equity Premium g
The parsimonious equation for the 10-year premium is given in line 9 in Table 3. The
dividend yield is again significant at the one per cent level. The lagged annual premiun is

also significant at the-one per cent level. According to the coefficient estimate, the 40 per cent

excess return on stocks in 1997 is associated with a 1.96 per cent lower premium in th::
forthcoming 10-year period. Thus, there is also at this horizon a strong tendency to mz:a;an !

. . ; . Lo . I
reversion. The modified 10-year interest rate is not significant suggesting that the cun’lent long

interest rate has a one to one effect on the 10-year stock return, without any effect frorfril lagged
i

8 We have ignored the term -0.066B5, because this is negligible, and the coefficient is
not significantly different from zero. :
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interest rates. The R?equals 0.26 and hence is considerably lower than for the 5-year horizon.

< Table 3 >

A}

4.4. Summing up
The results obtained so far show that the forecasting variables are most useful in a medium

term perspective, which is a conclusion that will be further strengthened when we examine the
parameter stability of the models. At the 1-year horizon, there is a substantial amount of
fluctuations in the equity premium that cannot be explained by the énovements of the broad
spectrum of forecasting variables (fundamentals) that we have lookéd at, and it is therefore
likely that the short term is dominated by non-fundamental factors, noise trading etc, The -
fundamentals also explain relatively little of the variability of the lé-year premium, which
may simply reflect that contemporaneous financial statistics have véry little to say about

returns over such a long time span.
i

5. _Model Evaluation: Parameter Stability

A necessary condition for equity premium predictability is that the predictor variables in
question should be able to explain a non-trivial proportioﬁ of the vafiability of the premium
over the sample. In order for the model to be useful for forecasting purposes it is, however,
also important that the relationship between the predictor variables and the premium is stable
over time. The only way to judge stability is to examine the historical relationship between the
premium and the predictor variables. If the historical parameter estimates are stable, we may
have some confidence also in future parameter stability and hence in out-of-sample fore-
castability. However, there is of course always a risk that a forecasting rule which has been
successful in the past may become obsolete in the future due to learning behavior in the

market (or some other structural breaks), It is not possible to hedge against this risk.

In order to analyze the within sample stability of the regressions, we have for each horizon
estimated the parameters recursively. It turns out that the parameters in the parsimonious
equations for the 1-year and 10-year horizon are unstable in particular towards the end of the
sample period, see Appendix 3. In the model for the 5-year horizon, the parameters are
reasonably stable after the beginning of the 1970s, see Figures 4-8. Similarly, by estimating
the three models on data only for the post World War II period it turns out that it is only the
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model for the 5-year horizon that has (reasonably) stable parameters across the full sample
and sub-sample period, see the regression results in Appendix 4°. '

< Figures 4-8 >

Another way to test the foréégs?ing ability of a statistical model is to estimate the model over
a given sub-sample, construct forecasts for the remainder of the sample and then compare the
forecasts with the realizations of the dependent variable, For the 5-year horizon we thérefore
estimate the model on the sub-sample 1927 to 1970 and subsequently make forecasts for the
period 1971 to 1992, Figute 9 compares the actual 5-yeat premium with the predicted

premiuvm, |

< Figure 9 > i

!
The diagram shows that the model performs well in a qualitative sense, that is, in predjcting
the significant movements of the premium and in particular the important turning poin!ts. '
Thus, when the premium has risen (fallen) by significant amounts the model cc;rrectly fpredicts
this change in almost all cases. However, it is also clear that the model’s quantitative !
performance is less impressive; often the realized equity premia are close to the boundaries of
the OLS forecasting interval. Moreover, there is a tendency to either over- or underpre?dict the
premium. This phenomenon, however, is almost inevitable when forecasts are made over
overlapping horizons, To understand the nature of this phenomenon, suppose we are a}' the
New Years Eve in 1991 and that we attempt to forecast the five year premium for 199?—96.
Let us further suppose that 1994 turns out to yield an extremely high return in the stoci(
market for some unforeseeable reasons, Given that this is something we cannot know ijn 1991,
the predicted 5-year premium is likely to underestimate the actual premium. Moreoveri, the
model will for the same reason also underpredict in 1992, and so forth. The implicatio;k is that
we may observe persistent over- or underprediction ex post but we cannot correct for 11 ex

b
® For the 1- and 10-year model we even observe that the relevant predictors change.
il

1 We have conducted similar forecasting exercises for the 1 and 10 year hori'z:ons,
leading to the conclusion that the actual forecasting ability of the premium models are’poor,
see Appendix 5. This confirms the conclusion from the recursive estimation that the model
coefficients are unstable.




On the Predictability of the Danish Equity Premium ' 70

ante''. In spite of the shortcomings-of the model it is of interest to note that the forecast for
1993-97 is almost exactly equal to the actual premivm, which is ver§y high (10.8 per cent per
annum) due to the exceptionally good stock market years 1996 and 1997. The most important

explanation underlying this prediction is the mean reversion conlp&hent (the lagged equity

premia) which predicts a large equity premium for this'period due to a very poor stock market
p p

performance in the years 1989 to 1991. Notice also that the model prediction in 1991 is vei'y

close to the realized premium (for 1992-96).

6. Model Evaluation: Portfolio Strategies (5 Year Model ‘
In order to shed further light on the usefulness of the 5-year predictor model, it is informative
to analyze the consequences of making investment decisions on the basis of this model. To
arrive at the most clear-cut insights, assume that the investor picks a pure stock or bond
portfolio depending on what the model is recommending. Moreover, assume that the investor
demands a (constant) premium in order to be willing to invest in stocks. Let this premium be
equal to the unconditional equity premium. As the ¢rlnodel for this purpose is estimated over
the period 1927-1970, where the unconditional (logarithmic) mean équity premium equals
1.91 per cent, we assume that this is the investor’s risk premium, Thus, if the model in late
1971 predicts a premium that exceeds 1,91 per cent, the potential investor goes into stocks. If
the predicted premium is below the critical 1.91 per cent, the investor goes into bonds. The '
performance of this strategy over the period 1971-92 is then compared to the risk adjusfed
return on the two benchmark strategies, namely, a pure stock strategy and a pure bond
portfolio. We ignore transaction costs, but they are not likely to influence our results in a
crucial way. We also ignote investor taxes, so the case is mostly relevant for investors who

are taxed symmetrically, e.g. banks.

Figure 10 plots the risk adjusted returns on the pure stock and bond benchmark strétegies as

well as the outcome of following the model recommendation. The returns are risk adjusted in

" The point is that we use 5 year ahead forecasts. That is, the forecast for the 5 year
premium as of 1997 is based on observations on the 5 year premium up to 1992. As the 5 year
periods beginning in 1992 and 1997, respectively, are non-overlapping no serial correlation
should be expected. If we on the other hand were to make 1 year ahead forecasts (e.g.
forecasting the premium as of 1993) we would have to take account of serial correlation, This
could for instance be done by explicitly allowing for serial correlation in the disturbance term
when setting up and estimating the premium model.

P
|
i
i
i
|
i
|
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the sense that the risk premium 1.91 per cent is subtracted from the pure stock return alitd from
[

the return associated with the model recommendation whenever the model recommendation

has resulted in a stock investment,

<Figure 10>

The diagram shows that by following the model, the investor makes the maximizing réturri
decision almost every year; there are only three years where the return associated with the
model based choice is not the liighest attainable. The average (arithmetic) annualized risk
adjuéted return from following the model recommendation is 14.0 per cent, The pure bond
strategy yields 12.1 per cent, whereas the pure stock strategy gives 10.7 per cent after the risk
adjustment. Hence, the yield difference to a pure bond investment is around 2 per cent ?per
year, whereas the yield difference compared to a pure stock strategy is around 3 per ceﬂﬂ. A
simple mean t-test suggests that the differences in returns between the model strategy tfmd the
benchmark stock strategy is highly significant, that is, the return differences between tfne
model strategy and the pure stock strategy has a mean that is significantly larger than i'zero',
using a one per cent significance level.!? The corresponding comparison betweén the model
and the bond strategy yields, unfortunately, less clear-cut results. The t-test is significant
almost at the 5 per cent level, but the result hinges primarily on the three observations in the
period 1978-1980.1 ?

998-2002: Model Prediction iscussi

Due to the 5-year model’s forecasting ability and in particular the model’s track record in the

7. _The -YearPiemiu

recent past, it is of interest to discuss the prediction for 1998-2002",
i
|

12 The t-ratio is 4.2 with 22 degrees of freedom. Note that the retutn differenc'f!: can be

shown to be normally- distributed using the Doornik and Hansen (1994) small sample t:;est‘
« B Moreover, the return difference is not normally distributed. '

14 1t should be noted that the precise premium forecasts that one arrives at depends on
which of the predictor variables one includes in the model. Thus, using for instance the
modified dividend-price ratio as the sole predictor will lead to different forecasts. We thmk
that by using a multi-variable setting and a general-to-specific model reduction process we
have identified the predictor variables that are most relevant of the candidate predictors at
hand. We therefore rely more on the forecasts of the parsimonious model than the ones one
would obtain from the different specifications in Table 2.
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By plugging the values of the modified dividend yield, the modiﬁeq 5-year interest rate and
the lagged 1-year premium variables (PR1,; and PRI, ;) by late 1997 into the 5-year model we
arrive at the forgcast for the period 1998-2002. The point forecast for the equity premium is
roughly zero per cent which is low compared to its historical average. The contributions of
each of the predictor variables are given in Table 4. The constant (risk premium) contiibutes
with 2.5%, the dividend yield adds 0.5% to this, whereas the interest rate variable further adds
2%. Because of the high premium in the past, we shall, however, suptract 5.3%. Hence, .

altogether the premium is expected to be close to zero in the 5-year jperiod 1998-2002.

Recalling that the model has been successful at predicting turning points and signiﬁcant :
movements in the premium historically, it is interesting to note that the model predicts a
turning point in the 5 year premium with a significant reduction of the premium compared to
the last observation in 1992. If we follow the portfolio decision étrategy in section 6, this

suggests that investors should have gone into bonds in late 1997.
4

Pes

< Table 4 >

Given that the 5-year interest rate is 5 per cent in late 1997, the forecast for the premium
implies that the (annualized) 5-year stock return should be 5 per cent. Assuming that the
dividend yield is 1.5 per cent throughout the 5 year forecast period - which corresponds to the
level in recent years - the stock matket price index is predicted to rise by 3.5 per cent annually
in the period 1998-2002. The model therefore predicts a much less optimistic outlook than
experienced in the recent past. The considerable fall in interest rates that the Danish economy

" has experienced in recent years is a key explanation of the less optimistic future stock return

scenatio. Another explanation is the very high premium in the recent past and due to the
highly significant tendency to mean reversion this also produces a less optimistic outlook. The
current dividend yield is broadly in line with its level in the past 5 years, thus having a rather

small effect on the stock return prediction,

As is evident from the forecasting exercise in section 5, the point forecasts for the 5 year
premiuin are sometimes imprecise, implying that more emphasis should be put on interval
Jorecasts when deriving specific numbers for the future premium, As usual when forecasting
stock market returns, the uncertainty attached to the forecast is considerable. Given that the
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residuals are normally distributed, the 95% confidence bands can be estimated from tv%»:fice the
standard error of the equation, that is, as +/- 7.6% relative to the point forecast, see Tai:i)le 2,
Hence, in terms of the annual return on the stock market the confidence band is |
(-2.6%,+12.6%). Assuming a dividend yield equal to 1.5% per year, the confidence band for
the annual growth in the share grice index is (-4.1%,+1 1.1%). Because marny analysts are
very pessimistic at the mom%ﬂt, see e.g. Cole et al, (1996) and Campbell and Shiller (1998),
let us briefly focus attention on the bearish side of these confidence intervals. If the sﬁare '
price index stands at 100 to begm with and if the index declines by 4.1% annually, the|share
price index may fall to roughly 80 after 5 years. Hence, a 20% fall in the index is the rough

lower bound of the confidence interval®®,

The forecast reported above is the forecast that historical experience and the use of staliidard
predictors can provide us with. The point forecast is the central estimate of the model. Due to
the (considerable) uncertainty inherent in the model the actual outcome may deviate from the
point forecast but the deviations are equally likely in both directions, as set out by the iforecast

interval. Thus, the model does not attach greater probability to negative deviations than to

positive ones, and vice versa, Due to that it may be valuable to add judgmental factorslm order.

to find out which part of the confidence band - the lower or the upper one - we will attach
most probability to. In the Danish case, we thmk that there ate some factors that may suggest
a negative outcome, First, there is a risk that the economy moves into recession after four
yeats with high economic activity, which will dampen earnings growth. Second, there is a risk
of an American stock market crash, which may spread to the rest of the World. In this context
it is, however, important to note that stocks in the US have increased much faster than m
Denmark. On the other hand, there are also more bright sides, First, the Danish econon!ly isin
a transition phase to an economy with much more emphasis on stock investment. Thus!,
institutional investors have increased the share of stocks in their portfolios quite considerably
in recent years, but they are far from the long run equilibrium level. The stock market i]as also
received much more attention in recent years from ordinary citizens. Hence, there app!qars;to
have been a structural shift in the demand curve, which makes it easier to support a faitly high

price level provided liquidity plays a role. Second, there is nowadays much more emphasis on

share holder value and the notion that firms should make money. Due to that it is easiéﬁr for

1s By the same line of reasoning, the upper bound of the confidence interval predicts
an increase in the stock market index by 55 per cent over the 5 year period.
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firms to make rational business decisions in order to maintain proﬁtability. Third, the Danish
equity premium has been fairly low by international comparison over a long historical period.
With capital being highly mobile it is possible that the Danish premium will approach the
higher Anglo-Saxon level, notwithstanding that the US equity premium might fall but from a
very high level compared to the Danish premium', see Blanchard (1993).

As a final piece of information in judging the forecast, Figure 11 plots the model’s consecu-
tive 5-year stock return forecasts until 1997 along with the realized re;tums until 1992, The
trend in the (forecasts of the) 5-year stock return is declining such that the gap between the
expected stock return and the bond yield gradually disappears. Thus, és noted earlier the
forecast in late 1997 is that the stock market over the period 1998-2002 will give a return that
is equal to the bond return. The figure also shows that the anticipatedi premium in the period

1993-97 to a large extent compensates for the negative premium in the period 1987-91,

Hence, the very high S-year stock return recorded in 1992 along with the predicted returns can 7

be interpreted as a compensation for poor stock regi?né in the preceding period. In this context
it should be noted that for the whole period 1987-97, the premium is only 0.9 per cent per year

compared to a historical average that equals 1.4 per cent,

<Figure 11>

8. Summary

This paper has examined whether, and to what extent, the return on Danish stocks relative to
bonds can be predicted by financial ratios and other financial statistics, We have examined
both the 1-year, 5-year and 10-year equity premium. We have investigated the predictor
ability of the dividend-price ratio, the dividend yield, various short and long term interest
rates, and we have also allowed for past equity premia to have an effect on the current equity
premium, reflecting the possibility of mean reversion. The issue of forecastability has not only
been examined by testing the signiﬁcande of the aforementioned predictor variables, but we
have also investigated whether parameters are stable and whether the model is helpful in

predicting when stocks outperform bonds and vice versa.

The main result that comes out of our analysis is that the 5-year premium is predictable. Thus,

Chapter 2 _ ' 275
the preferred model is good at predicting significant movements and turning points in tl;e 5-
year premium. Due to that the model is also a useful tool for portfolio decisions, that is,g to
predict when it pays to be more exposed to stocks than to bonds, and vice versa. Thus, the
results show that if investors had followed the model in deciding between stock and bond
investments, they would havci_lpgde systematic excess returns compared to a pure stock.
strategy. The results also show that it is only a subset of the variables that have predictive

power. More specifically, the dividend yield is of some value, but it is really interest rates and

. the past equity premium that are the key predictor variables. Finally, the ability to predfct the

equity premium is evidence against market efficiency in its semi-strong form if there isa
constant risk premium in the market, In any case, the predictability result is evidence against
the simultaneous hypothesis of efficient markets and a constant risk prénﬂum. Dueto |
parameter instability and low explanatory power, the 1~ and 10-year equity premia can I;lOt be

said to be predictable. l

The preferred 5 year premium model can be used for forecasting the equity premium and the
stock return over the years 1998-2002. It is mainly due to a historically low 5-year interest
rate and very high returns in the recent past, that the model predicts a low 5-ye5r stock ;@etui'n
that is roughly equal to the contemporaneous 5-year interest rate, implying a zero equit)if
premium. The expected outcome is not impressive, but not a disaster either. Thus,/the outlook
for the Danish market is not extraotdinarily bearish as argued by Engsted and Tanggaard
(1998), using the single variable dividend-price approach due to Campbell and Shiller (:]998).
Whéther or not our conclusion, based on a multi-variable approach, carties over to the US is

another matter that we have not addressed.

It is important to emphasize that the reported forecasts ate based on historical relationshiips
between stock returns and financial ratios. Any forecast that has to be used in real-life !
situations will of course also depend on other judgmental factors and broad perspectiveé on

the outlook for the economy: in general. The paper has discussed a few factors that should be

taken into account when making such a ‘normative’ forecast. [

i
i
!
i




On the Predictability of the Danish Equity Premium ! : . 76

Postscript ‘ 1

It is of interest to compare the model’s forecast with the actual performance of the matket.
According to the model the market should go up by 3.5%: per year as from late 1997. In the
two years 1998 and 1999 that have passed since the first model forecast was made, stock

prices have altogether increased by 14.6%, Thus, the model is on track.

v
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Figawe 1a: 1-Year Stock and Bond Retum, 192496
1

Figure 1b: 1-Year Equity Premium, 1924-96
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Table 1: The 1-Year Equity Premium PR1,, 1929-96"% Table 2: The 5-Year Equity Premium PR5,, 1927-9212
CONS DIR  Yid, B, TEW0-l, TEI0-5, TES-}, PRL, PRlL, PRL; jlag| ¢ R f CONS DTP, 4, Bs,  TEl0-l, TEL0-5, TES-l, PRl, PRl, PRI, |[Lag| o R2|
X i
1L.f] oon 2.885 ‘ - loas3 o1 { oot9¥rr  2.469%x> i 5 |o0043 o024 !
0.018) (2.298) . (0.006) 0.622) i . . i
2. 0.010 2.523 - 0154 08[2.{ 0.018*** 2,071%* 5 o045 014 |
©.017) (2.934) . (0.006) (0.834) l
3. 0.005 -1.015 : * - boass  og[3| 0014 0349 : 5 |oo04 o001 ¢
(0.018) (1.375) ‘ i (0.006) (0.328) ‘
4. -ome : 27824 ' 3 - loaso egafl o013+ 0.152 5 | 0049 o000
(0.019) (1.490) (0.007) (0.355)
0.003 0.982 ¢ - loass s [ o015 -0.243 i 5} 0049 - 0.00
0.017) (1.954) . © 1 (0.006) (0.674)
6. -oon 3.287* : - fois0o e[l 0012 0.434 {5 | 0049 001
0.022) : (1.762) ‘ (0.008) (0.400) i
. ) i .
7. 0.009 . -0.184" ' . 0.152 7| 0:021%+% : 003300 0,i2604%  .0.108%*+ |I' 5. 100391 038 | .
0.018) . ) ©.118) P (0.007) - (0.018) (0.029) ooz Ji .
7 T v r K . -0.080% {|: 5! | 00370 049
8. 0.004 41002 13.54% 1308 3.056* -0.729 - 0664+ 10.023 0.005 - | 0141 g[8 | o021 -0.702 295M%  -0963%F  0.770%+* 0,328 0.105% 4+ 0.063 0.
0.021) 6.110)  (5237) (1.578) (1.640) (2.512) (0.240) (0.168) (0.136) ] (0.006) (0.892) (L10) (0.382) 0.284) (0.646) (0.037) 0.038) 0.032)
wr ll 5 ] 0038 044
|l 0018 3.883%% -0.280%* : : . oz off 9 o026%¢+ 3258408 1279%4¥ -0.160+4+ 10,059 X .
> (0.018) (1.268) (0.124) ‘ (0.006) (0.696) (0.272) (0.026) (0.019)

q

} ! 13 46 o1
Notes: 1) OLS and White’s heteroskedasticity consistent estimator of coefficient standard errors, o denotes the standard error of the  {Notes: 1) OLS and Newey-West estimation of coofficient standard errors (number of lags used in Newey-West shown in lag”-column),
residual term, 6 and R? are caleulated from the OLS formula, excluding the two years 1971 and 1982 for which dumenies are introducel] 2) *** = significant at 1%; ** = significant at 5%; * = significant at 10%. Asymptotic normal distribution, two-sided test.
2) Two impulse dummies for 1971 and 1982, respectively, control for the abnormal high return during the yeats 1972 and 1983,
3) *** = significant at 1%; ** = significant at 5%; * = significant at 10%. Asymptotic normal distribution, two-sided test.
4) Lags 2 and 3 are insignificant.
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Table 3: The 10-Year Equity Premium PR10,, 1927-87"* '
Table 4: Forecast of 5-Year Premium on Stocks PR5,, 1998-2002

CONS  p7p vid, Bio, TEW-L TBIO-5 TES-l, PRI, PRl,, PRI, Lag| o R
N Contributions
1. 0.017%** 1.405%* 5 0.025 03 - —_— . N —"
o0 (0576 ' Forecast CONS .. ¥id Bs PRI, 003
2. i1 001744+ 137744 s | 0026 o el ! ¢
0.005 0.449)
(0.005) (0449) , : -0.0021 0.0256 0.0044 0.0209 -0.0531
3.l 0014 0376 8 | o028 of - .
(0.006) (0.237)
4. || oo19w . -0.503 ‘ 5 |00 o
(0.005) (0.534)
s A 00160 -0.606 s oo o
(0.008) (0.606) »
6l o015 ) -0.138 s {ooo of i
(0.006) . (0.282)
7| o018+ 0.057%  -0.060* - -0.060%* [| 5 0026 0 |
(0.005) 0019  (0.034)  (0.020)
g | oozeer 0317 178 0307 -0.187 0.037 & -0.065 -0,014 -0.023 5 | oo o . i
0.005)  (1.398) (1278  (0288)  (0.367) 0.372) (0.040)  (0.034)  (0.018) :
9, 0.018*%** 1.433%** =0,049++* ' N 5 0.025 0 i
(0.005) (0.456) (0.018) :

Notes: 1) OLS and Newey-West estimation of coefficient standard errors (number of lags used in Newey-West shown in “Jag”-column)|
2) *** = significant at 1%; ** = significant at 5%; * = significant at 10%. Asymptotic normal distribution, two-sided test.
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Table Al.1: Univariate Summary Statistics
Appendix 1: : Variable Sample | Sample | Sample | Min, Max. | Skewness Excess Doornik- | AR(1)-coef-
’ 4 o ] Mean std.dev, | (pet) (pet.). Kurtosis Hansen ficient
Statistical Properties of the Variables (pet) [ (pct) statistic
‘ PR1 1929-96 2.24 179 374 61.0 0.70 165 8.01%% T 022
(0.12) :
PRS 192792 143 48 96 153 027 020 1.46 0.46 )
) (1)
PR10 192787 1.46 29 19 7.4 096 157 887 063
0.10)
N 1927-96 019 0.9 32 1.5 0.64 026 5.49% 0.52
) I ©.10)
| 1927-96 019 0.9 -34 13 -0.83 149 7.98%% 0.66
| Yid (0.10)
B'l 192996 0,02 18 -4.9 4.0 -0.39 +0.09 199 048
P L (01)
- : B5 192792 012 16 54 45 -0.44 1.67 9,52%%% i 062
(0.10)
1927-87 0.22 1.6 47 3.7 -0.99 1.46 9.53#4 ' 076
| Bio ' (0.09)
| TE#0-1 | 192796 0.77 14 2.0 38 0,02 0,42 0.09 033
: ©.12)
TE5-1 1927-96 ‘ 0.49 11 2.9 35 -0.44 0.87 4.52 0.26
| (0.12)
93 TE105 1927-96 0.28 11 2.3 32 0.02 0.3 178 0.30 L
0.12) ‘
Note: Sample mean, standard deviation (based on T), skewness and excess kurtosis relate to the first four moments of a given
distribution. For the standard normal distribution the numbers would-be 0, 1, 0 and 0, respectively. A positive (negative)
8 Iness indicates that the distribution is skewed to the right (left), i.e. has its weight to the left (vight) and a Iong tail to the
right (left). The skewness Is zero for any symmetric distribution. A distribution has positive (negative) excess kurltosis ifitis = - I
more peaked (more flat topped and fat tailed) than the normal distribution. The Doornik-Hansen y2-test statistic indicates ;
whether the four moments are from a normal distribution, see Doornik and Hansen (1994). A Iarge value of the fest statistic
leads to rejection of the null of normality. *, ** and *** denote rejection of the null at 10%, 5% and 1% significance level,
respectively. The Doornik-Hansen test has better size properties in small samples than the usual (asymptotic) Jarque-Bera test.

The reported AR(1)-coefficient is based on a regression of each variable on itself lagged one-period. OLS coefficient standard
errors in parentheses. 1l ]
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Table A1.2: Phillips-Perron Z-test for Unit Root

Lag length (D

Variables 0 1 2 3 4 5 6
1927-96 (70 obs)
Yia C aem 1678 1629 1672 -L633 1598 1573
71d B4SHER 30406k 3950WWF  3OTTCke 3SSEYNY DGR BEIEM
p/P 2078 1972 -1906 1921 -L904 1904 1860
DTP AGRTY ATODRE WAS20WK L4820 LATIENNE o ASOTRYY  Add7hR
TE16-1 -5.633%** ~5.537%4* -5.668%** 581734 -5,837%4% -5.883 %% -5.907%**
TE10-5 SI55MME BOIBVE 507N GAESMR  GNETRRR GOGIMRR 6043k
TE5-1 23N GAB0MR G292 630VVX .6A0BHHR GEBHRY GETONM
192996 (68 abs)
B1 1917 1468 1533 -;,’s%o 1,645 -1.709 A2
PRI SBITHE O8N D0dUNN (0070 10308 o 064 ILODR
s1 S792%%  OBIIME 98G0N  9OITHME OB L O 10220

Bl AG2ME AFTENY AGLIMR ATTIMR ABTORRE - ADIDY 492D
1927-92 (66 obs)
BS 1621 1443 1,440 -1485 1507 1526 1555
PR5 3B ABBV 4BBONRR  ATSTHRR  AGEINNY  AdIEMRE 429204
S5 BTWM 37I0N% 38396 38200 38SBRRY 3701 BGHORe
5 BT 3766t BSSIMR B95IHN 390200k 3964 3956w
1927-87 (61 obs)
B10 -1096 1077 BRI L1 173 1194 1204
PRI10 6 BEAT BGB0N BG6IRN D6SIR BTN 265
s10 2265 2265 2250 2244 2200 2,186 2173
B10 2690%  -2.666* 27754 2801 2831 2816+ 2798

Note: The Phillips-Perron unit root test is based on the first order autoregression x=o-+px,.+u, (without trend) where the
disturbance term u, has mean zere but can otherwise be heterogenously distributed and serially correlated, see Hamilton
(1994, Table 17.2). The Z, test statistic is a modified t-statistic for the null hypothesis of a unit root (p=1), correcting for the
possible non-standard properties of u, The null of a unit root is rejected in fa
negative and sufficiently large in numerical value. *, ** and *** denote rejection of a unit root at the 10%, 5% and 1%
significance level, respectively. Critical values are from Hamilton (1994, Table B.6). All regressions include a constant term

vour of the stationary alternative (p<1)if Z, is

w % no deterministic trend is allowed for. Serial correlation is allowed for up to the selected Iag length of 1.
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Table A1.3: Kwiatkowski ef al, (1992) (KPSS) test for Unit Root

91

Lag length ()
Variables 0 1 2 3 4 5 6
1927-96 (70 obs)
P
Yid 2,853%% 1375%0% 0.9762% %+ 0.776++* 0.6595%* 0.5829%+ 0.5296%*
Yid 0.2589 0.1564 01252 . 01128 0.1103 0.1128 0.1175
D/P ' 28654+ L5BS*s% - 1,138%x 0,9093**'; 0.7741%% 0.6849%* 0.6225%
DTP 0.1845 01212 0.101¢ 0.0948 0.0969 01040 0.1138
7%10-1 ' 0.1967 01500 0.1220 0.1061 00093 00945 009161
]
TE10-5 04895+ 0.3798+ 0.3243 0.2900 02783 0.2740 02738
TE5-1 050004+ 0.3996% 03319 03008 02727 0.2474 02337
1929-96 (68 obs)
Bl : 3915%* 2,085%+ 142300 1,089%4* 0.8890%%* 0.7561%+% 0.6621%+
PRI 0.02835 0.03572 0,0408 0.0458 00530 0.0634 00723
st 02289 0.2860 03106 03346 0.3679* 04047 od241>
B 0,5955%* 0.4098* 03104 02613 0.2355 0.2222 0.2156
| 1927-92 (66 obs
BS 45424+ 2.366%+* LGI* - 12354 LO10%#+ 0.8598 4% 0.7534% 4%
PR5 0.1929 01343 0.1175 0.1180 01262 01453 0.1666
v:} ‘ 1201545 0747344+ 0.5776+* 05031%* 0.4640%* 0.4489* 04370
, B"5 0.3484% 02187 01636 0.1380 0.1250 0.1190 0.1167
1927-87 (61 obs) §
B10 45184 " 2.314%4% 1.570%+% 1.199%w* 0.9775%# - 0.8314%+% I 01286+ |
PR10 0.9330%#% 05757+ 0.dasst 0.3878% 0.3535% 0.3327 : 03207
S10 3,000%#¥ 1,657H%+ 1188 *% 0.9478%%% 0,8028%#* 0,7034%+ | 0.6308%+
710 " 0.4069% 02355 0.1766 0.1493 0.1351 0.1281 I: 0,4249
Note: The KPSS test for a unit root is a Lagrange Multiplier test of the null hypothesis that the variable in g can be

described by a stationary process possibly around a deterministic trend, against the alternative that the process also includes a
random walk component, that is, the null is one of stationarity, see Kwiatkowski ef al. (1992). The null is rejeetei- in favour of

fhe unit root alternative if the test statistic is sufficiently large, *, ** and *** denote rejection of the null (i.e., a unit root is ’
present) at the 10%, 5% and 1% significance leve), respectively, Critical values are from Kwiatkowski ef al. (1992). The lag
tength / determines how many lags are allowed for in the stationary component of the process. No trend is allowed for in the
t 3 that is, the null is one of mean-stationarity.
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Figure A2.1 Diagnostic Graphics For Parsimonious 1-Year 1
Equity Premium Model
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Figure A2.2 Diagnostic Graphics For Parsimonious 5-Year
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Figure A2.3 Diagnostic Graphics For Parsimonious 10-Year
Equity Premium Model
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Appendix 3:

Recursive Parameter Estimates for the Parsimonious 1 and 10 Year
_Equity Premium Model
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Figure A3.1 Recursive Parameter Estimates for 1-Ye§r Equity
Premium Model, 1940-1996 (starting year 1929)
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Note: Coefficients to dummies not shown. Indicative OLS confidence bands.

Figure A3.2 Recursive Parameter Estimates for 10-Year Equity
Premium Model; 1940-1987 (starting year 1927)
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i Note: Indicative OLS confidence bands.
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Appendix 4:

Parameter Estimates Over Samples Beginning in 1952

s
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Table A4.1; The 1-Year Equity Premium PR1,, 1952-96"%%

98

CONS p7p ¥4,  Bi, TEIG TEIOS, TESI PRl  PRIg PRLo | lag|o R?
1| ooz 6775 . - Jotw on
©0028)  (3.309) 8
aff 0.005 "3978 - 017 005
0.623) (4.003) , 5
3| 0003 -0.636 < o oo
©0.027) (1.554) 5
4} 0018 2552 - o oos
(0.024) (1:936) 4
R 0914 - o o0
©.023) (.234) 9
o -0012 3251 - o oos
(©0.027) @313) 5
| 7)f o.000 #-0225% < fow 0w
| (0.025) - (0126) 2
\
g 0022  18a1 9967 350" 142 0438 0384 0180 ¢ 0067- || - 1o 033
©025) (8323) (6080)  (L713)  (1980)  (3.016) ©0282) (0206  (0.146) 2
ol 0029 9205 3835 -0.444 - Jos 02
(0.023) i A hk 5
(.058) (1324 ©.112)

Notes: 1) OLS and White’s heteroskedasticity consistent estimator of coefficient standard errors, o denotes the standard error of the

residual term. o and R? are calculated from the OLS formula, excluding the two years 1971 and 1982 for which dummies are

introduced.

3')

4) Lags 2 and 3 are insignificant.

2 "‘Ivo impulse dummies for 1971 and 1982, respectively, control for the abnormal high return during the years 1972 and 1983.
= significant at 1%; ** = significant at 5%; * = significant at 10%. Asymptotic normal distribution, two-sided test.
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column).

¥ = significant at 1%; ** = significant at 5%; * = significant at 10%, Asymptotic normal distribution, two-sided test.

Chapter 2

Table A4.2: The 5-Year Equity Premium PRS5,, 1952-92'2 !

CONS  pirp ¥id, §s,  TEW0-1, TEI0-S, TES-l, PRL, PRL, PRl ‘Lg| o R
1, (z(;)(lJ;;)’ 3(?3074*5‘;‘ 5 0049 025

2

2. 3)%1058*) (21010199’; - 5 0053 0.2
> (8:8339) (g:ggf) i R
R L o s
5 (g:gll)g)' ((());131:) 5 | 0056 o001
" oom ©AdD I
7.1 oo15* 0.134%4%  .0,132%4%  .0,110%** I 5. | 0045 o039

(0.009) (0.023) (0.038) 0.031) i
sl e spes ame gme oen - e o o s feou oo
| ooy oo oo ooy ki I
Notes: 1) OLS and Newey-West estimation of coefficient standard errors (number of Jags used in Newey-West shown ;n “lag”-
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Table A4.3: The 10-Year Equity Premium PR10,, 1952-87"%
CONS  pJp ¥4, = o, TEIO-l TE0-5 TESL PRI PRI, PRl Lg|l o R

LIl oorar  1.896%x+ \ 5 oo om
0.005)  (0.561)

2. oot 1.3644++ 5 0020 o1
(0.006) (0.451)

3.4 o007 04734+ 8 | 0031 0
(0.007) (0.194)

4. | o013+ , 0603 5 o001 om
(0.005) (0.709)

5. oon* -0479 5 10032 o0m
(0.005) (0.665)

wyf 0010 -0.362 5 10032 om
(0.007) (0455)

7.| o010 -0,044+++ 3 0.040%+ | 5 [ 0031 O0M
(0.007) (0.016) . (0.010)

| .|| oo1se 32020 0994 0238 0335 0.480 0047 0005  -0.050% 5 | 0028 o4
‘ 0006  (1373)  (1339)  (0248)  (0.510)  (0375) £ (0048)  (0.035) - (0.026)

o.f| 0013 1819¥+ - p030m || 5 | 0026 03

©.006) (0477 {0.009)

Notes: 1) OLS and Newey-West estimation of coefficient standard errors (number of lags used in Newoy-West shown in “lag”-

column).

2) **¥ = significant at 1%; ** = significant at 5%; * = gignificant at 10%. Asymptotic normal distribution, two-sided test.
3) Lag 2 insignificant.
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Appendix 5:

3

Forecasting ‘Out-ﬁf;;ample’ for the Parsimonious 1 and 10 Year
Equity Premium Model

for
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Figure A5.1 Forecasting the 1-Year Equity Premlum Pth,
1983-1996
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Note: Forecasting exercise begins in 1983 which is the fi rst year after the latest dummy, i.e. the
dummy for 1982. OLS confidence bands only indicative,

Figure A5.2 Forecasting the 10-Year Equity Premium PR10¢,
1966-1987
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Note: OLS confidence bands only indicative.
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Copenhagen Businegs School
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Abstract

This short paper studies the empirical relationship between realized stock returns and bond
yields at the 5- and 10-year investment horizons, respectively. Using annual Danish data
since 1927, we find that stock returns and bond yields are closely linked in the medium and
long term, as we estimate strong cointegrating relations at both horizons, Hence, at the 5-
and 10-year investment horizons a high bond yield tends to go hand in hand with a high stock
return, and vice versa. Results show that stock returns tend to respond less than one-to-one to
changes in the bond yield.

! Research fellow at the Economic Policy Research Unit (EPRU) which is financed
by a grant from the Danish National Research Foundation.
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1. Intreduction ;

This short paper studies the relationship between Danish stock returns and government bond
yields in the period 1927 to 1997. The paper is concerned with the relationship between the
two markets in a medium term perspective, defined as an investment horizon of 5 years, .and
in a long term perspective, defined as a 10-year horizon, The specific question we want to
address is whether the stock returns and bond yields at the 5- and 10-year horizon, respéc-

tively, form cointegrating relationships? ?

If the stock and the bond market are interdependent, an expected abnormal high return in one
of the markets is likely to attract funds from the other market, which in turn will result m an

equilibrating price increase in the first market and in a declining price in the latter lllarket. In
that case, expected returns in the first market will decline whereas returns in the other nilarket

|
will go up. As a result of this arbitrage process, the return gap will decline®. The question we

address is whether the returns in the two markets are closely linked in the long run ? Be|cau_se
of the interdependence between the two markets, it is appropriate to apply a cointegraticlm :
technique that allows for interdependence or simultaneity in the jargon of econometrics‘r We
use the VAR method of Johansen (1996). Another advantage of the Johansen method is: that it
uses both the short and long-tun information in the data to extract the long-run relationship

between the two asset markets.

The paper is in 7 sections. The next section briefly describes the historical movements (%f the
stock returns and bond yields. The third section outlines the simple theoretical arbitrage: type
framework that helps us organize our thoughts about the relationship between stock and bond
retutns. The fourth section sketches the cointegration method. In section 5 and 6, we présent

the empirical results. Section 7 concludes.

|
|
i
i
|
i
|
i

2 For an introduction to the concept of cointegration, see Engle and Granger (1991,
Chapter 1). .

3 The gap between the expected returns on stocks and bonds is related but not cxactly
identical to the notion of a risk premium. It is not exactly a risk premium in the conventional
sense (a premium relative to a riskfree asset) because bonds are also risky due to inflation and
default risk and (because we use the yield-to-matuity on bonds) the reinvestment risk
attached to the coupons payed before maturity.
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2. A Look at the Data 7

Figure 1 shows the 5-year nominal stock return and the 5-year yield-to-maturity on govern-
ment bonds in the period 1927-92, using ovetlapping annual observations®. All returns in this
paper are annualized logarithmic returns, that is, they ate defined as the Llogarithm to one plus
the annualized return. Moreover, they are forward-looking \and relate to investments by the
end of the year, which means that a return recorded in say year t measutes the realized return
in the periods t+1 through t+5. Hence, the S-year observation for 1992 dovers the years 1993
to 1997. The data source is Nielsen, Olesen and Risager (1998).

< Insert Figure 1 around here >

The 5-year interest rate is relatively constant from the 1920s to the beginning of the 1960s,
where it starts climbing up. It reaches a peak in 1982, In 1983 the interest rate displays the
largest fall observed in the entire sample period. The con31derable fall is usually attributed to
the shift in economic policy regime that took place in. late 1982, see e.g: Andersen and Risager
(1987). Following the dramatic fall in 1983, the interest rate continues to decline until it

stabilizes towards the end of the sample. !

The 5-year stock return is obviously much more volatile than the interest rate, but follows also
a pattern that resembles the interest rate. Thus, stock returns oscillate around a fairly constant
mean until the beginning of the 1960s. Thereafter, stock returns tend to mcrease Thereis a
drastic fall in stock returns in the beginning of the 1980s. The decline sets in at a time with
very high oil prices and large wage increases and where it is widely recognized that the
overall macroeconomic policy stance is unsustainable. In the remainder of the 1980s, stock
returns tend to decline. Moreover, both the 1970s and the 1980s are decades where bond

yields often exceed stock returns.

4 The yield-to-maturity concept assumes essentially a flat yield curve or that coupons
can be reinvested at the (constant) yield-to-maturity rate. This is, of course, a weakness of this
measure and the alternative return on a zero-coupon bond would, in principle, have been a
superior measure of the return on bond investments. However, data for zero-coupon rates are
not available over the historical sample. Moreover, what we focus on in this study are the
long-run, non-stationary movements in the level of bond rates, and for this purpose, the yield-
to-maturity measure should suffice,
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Figure 2 illustrates the stock return and yield-to-maturity at the 10-year investment hori%zon in
the period 1927-1987 (the last observation covers the 10-year period from 1988 to 1997). The
correlation between the two series is now much stronger. This shows that stock returns and
bond yields are very closely connected in the long term. It is also interesting to observe that in
this time perspective, stocks do not appeat to be more volatile. In a 10-year perspectlve the
ups and downs in the stock market tend to cancel out and this explains why there is not much

difference between the two series in terms of volatility, see Nielsen and Risager (1999).

<Figure 2>

A formal test of the stationarity properties of the above series, see the Appendix, shows that
they are integrated of order 1 (I(1)) within the sample period, i.c., the series are non—stat'ionary
in levels but stationary in first differences. We treat the series as such, notwithstanding the
fact that the I(1) assumption tay appear counter-mtultxve on more economic grounds. The:
point is that in our small (or rather, finite) sample the returns behave as if they are I(1) seties
and treating them as such should improve the small sample propeties of the sta}istical i

methods. Because of the non-stationatity of returns, we use cointegration methods, |

3. __Arbitrageb tocks and Bonds
Economic theoty suggests that there is a simple no-arbitrage relation between stocks and
bonds, ’ |

) - E(S|1)=E®B|L)+ PR,

whlch says that the expected forward-looking return on stocks E(S,| 1)) equals the expccted
fon ward-looking bond return E(B,| ) plus an additive risk premium PR, on stocks 1elat1ve to
bonds. The returns relate to the same (5~ or 10-year) investment horizon and the expeci!itlons
are conditioned on the available information set I,, Over the business cycle, the risk pre’miuin
is likely to vary, whereas it seems plausible that the premium is constant in the long terﬁ
Because this paper focuses entirely on the long run relationship between the two markefs, we

assume that the risk premium is constant 5. For an empirical analysis of the variation in lthe

5 The risk premium could, in principle, be related to past or (for the predetermined
yield-to-maturity on bonds) current levels of returns. One possibility is that the risk premium
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risk premium in the short run, see Olesen and Risager (1999).
Equation (1) is an ex-ante equilibrium relationship that is consistent with the idea that the
matrginal investor will move money in or out of the markets until the expected stock return
equals the expected bond yield plus a risk prenliﬁm. For a fational marginal investor, the
above equation should incorporate investor taxation insofar as income from the two assets is
taxed at different rates ®, In theory, the marginal investdr is a well deﬁne%d agent, whereas the
marginal investor is harder to identify in préctice and in particular over a long historical time
period. Candidates to the title are numerous. In modern times, it can be l‘arge Danish institu-
tional investors like pension funds. Over the recent decades, it may alsoibe foreign investors,
reﬂecting the capital account liberalizations concerning stock investmeﬁts which took place in
the 1970s. Tt could also be wealthy private citizens, foundations and so forth even though it
seems plausible that these investors played a bigger role in the past. As jDanish banks
traditionally have held both stocks and bonds in large quantities, the bahking sector may also

at times have been the marginal investor. . jﬁ

declines if the stock market has done well in the past because investors” memoty may be
short. In this case, investors may become less risk averse because they tend to forget how -
risky the market can be. Similarly, the risk premium could also be negatively related to the
level of the bond rate, Thus, in a situation where bonds may be perceived as being more risky,
e.g. due to increased default or inflation risk, we should at the same time expect a higher bond
rate and (for given risk attitude towards stocks) a lower risk premium on stocks relative to
bonds. However, as high bond rates may be associated with a high rate of business failure due
to firms facing a higher interest burden, stocks could also be expected to be more risky and
the net effect on the relative risk premium on stocks is unclear, These concerns are, however,
most likely to be of greatest relevance over the business cycle. Due to our focus on the long
run, we take a simple approach to the risk premium.

6 With taxation of investment income, equation (1) is replaced by an afier-tax no-
arbitrage relation, saying that the expected after-tax return on stocks is equal to the expected
after-tax return on bonds plus a risk premium. By rearranging this relation, we get the
following equation for the before-tax expected stock return (ignoring the risk premium),

1

) E(S,|1) = T2 E(B1)
$

where Ty (ty) is the representative marginal investor’s rate of tax on stock (bond) r(j,tums. If
the tax rate on bond returns is higher than on stock returns, i.e., Ty > Ts, the coefficient to the
expected bond return E(B,| T,) in (1') is less than one, and vice versa.
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The bottom line is that the marginal investor is not well defined in practice. Due to thes{e
complexities, we have not attempted to include taxation in the analysis. However, for niow,' it
is important to be aware that the general picture is that stock returns often have been taxed at a
lower rate than bond yields. Thus, pension funds were from 1984 to the end of the sample not
taxed on stocks but taxed on ;_hqir interest income at a varying rate, related to the rate of
inflation in the economy. Pri%te households have in the same period been taxed lighter on:
“their income from stocks, To the extent that banks acquire stocks and bonds for their own
deposits, they are taxed uniformly at the rate applicable to taxable earnings in the banking

sector. As regards the arbitrage process, one could at an informal level argue that it is the

“ agent with the highest tax rate on bond investments, i.e., the agent who is taxed in the most

“~ asymmetric way, that will dominate the scene and hence become the marginal investor. This

agent will have the highest reservation price for stocks. Assuming that short selling in bonds
is atlowed (or that there are no restrictions on borrowing in banks), this agent will tend ?to buy
out the other agents in the stock market and bid up the market price to his reservation pk‘ice’.
In practice, there are limitations to the marginal investor’s willingness to take extreme |
positions, including liquidity constraints, constraints stemming from risk aversion and !
possibly legal quantitative constraints on the allocation of portfolios. However,' this ver}
simple line of reasoning suggests that there is an inherent tendency for the agent suffering the
highest tax rates on bond investments to become the marginal investor. As a result, we might
expect that the coefficient to the bond yield is below one in the estimated relation between
stock returns and bond yields.

Equation (1) assumes rational expectations. In general, the realized return on an asset equals
the expected return plus a component reflecting forecast errors, and under rational expeéta-
tions the mean of this component will be zero over a long time period. Hence, realized returns
will also be related to each other in a linear fashion. The etror term will reflect forecast errors

|
in both markets but have a mean that is zeto in the long run. However, because we use !

il
It
it

1 il

7 If we allow for short selling in stocks, we could, actually, turn the argument ﬁround
and conclude that it might be the agent with the lowest tax rate on bond investments that will
become the marginal investor in the stock market, not as a holder of stocks but as a supplier of
stocks. Thus, this agent will have a high reservation price for bonds and will have an incentive
to buy bonds financed by a sale of stocks. If both short selling in stocks and bonds is allowed,
no definite equilibrium exists. However, in practice, short selling in stocks has not been
possible (or customary) in the Danish stock market over the historical period.
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overlapping observations, the error term may be serially correlated. This is purely a statistical

artifact.

Given this, we can now turn to the cointegration analysis with the purpose of detecting

whether there exists a linear long run relationshi}i between'realized stock and bond returns.

4, Cointegration Analysis ‘

As mentioned earlier, the VAR method of Johansen is a simultaneous equation method that
allows for interdependence between the stock and the bond market. It 1s“ also a full informa-
tion maximﬁm likelihood (FIML) estimation method which uses both the short and long run
information in the data, In error-correction form, the dynamic Vector Autoregressive (VAR)
system to be estimated is !

t

2 AZ, =1\ AZ,_ +ot T AZ, , +TZ, 1+ d83, e,

P

where Z, = (S,,B,)’ is the (2x1) vector of the endogenous stock and bond returns, p is a (2x1)
vecior of constants, d83, is a (2x1) vector of impulse- dummies for the year 1983%, and €, is a
(2x1) vector of white noise errors. The lag length k fs chosen such that the residuals satisfy
the white noise assumptions of being serially uncorrelated and homoskedastic. In the 5-year
horizon model, we choose k=5 and in the 10-year model, we set k=3, cf. below. These lag
lengths can, furthermore, be validated by formal testing qf the significance of individual lag
lengths in a general-to-specific-procedure. The impulse dummy for 1983 has, likewise, been
included to ensure that the 5- and 10-year models are well specified. Thus, without this
dummy the residuals show serial correlation in both models. Because of the shift in the
economic policy regime and the resulting dramatic fall in interest rates in 1983, the dumm); is
also wartanted on economic grounds. In the estimation, we restrict the constant texms in p to
lie within the cointegrating space. This precludes a deterministic time teend in the endogenous
variables, cf. Johansen (1996), which appears to be consistent with the data, cf. Figures 1 and

2.

The parameter matrix that this paper is concerned with is «. This matrix can be decomposed

8 Each impulse dummy has a value of one for 1983 and is zero, otherwise.
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in a y and a  matrix according to i

3) n =vp'

where y and [ are 2xr matrices, where r is the rank of . Notice that if 7 is of full rank (t=2),

the long run solution for Z; 1sun:que and equal to a vector of constants, However, since Z, is
“1(1) (and not stationary), this is false, and 7 cannot be of full rank. As explained by eg.
“Johansen (1996), the rank of T determines the number of cointegrating vectors. Below, we

find that there for both investment horizons exists one cointegrating vector B (t=1). The
“ elements of this B-vector are the long run coefficients which we focus on in this paper. The
~elements of the estimated 'y vector measure the average speed of adjusfment towards long run

equilibrium. These parameters also have an interpretation related to the concept of weali(

exogeneity, which we return to. |

I

5. _Results for the 5-Year Horizon |
We fitst estimate the dynamic system (2) on the basis of overlapping 5-year returns for _bauish
stocks and government bonds, As it is important for the inference that the error term in |(2)
fulfills the white noise assumptions, we perform a number of specification tests, see Ta!'Jle 1,
Table 1 reports the outcome of single-equation specification tests for serial correlation,
heteroskedasticity (ARCH) and normality. Both equations pass the tests at the conventional
5% significance level. We have also performed specification tests using a system approénch
(multivariate tests for serial correlation, normality-and heteroskedasticity, not reported for ex~
positional reasons); the outcome is, again, that there is no sign of misspecification at thé 5%
level. We therefore conclude that the dynamic model is well specified. ;

<Table 1>
|
Tests for the rank of 7 can then be performed, see Table 2. We report both the standard)
asymptotic trace test, cf. Johansen (1996), and the small-sample-adjusted trace test, as I
suggested by Reimers (1992). The critical values for the trace tests are simulated using!ﬁle

simulation program DisCb, cf. johansen and Nielsen (1993), to take account of the incl‘i;xsion




-

On the Relationship between the Danish Stock and Bond Market i 112

of the impulse dummy for 1983°. The conclusion is very clear; there is one and only one
cointegrating vector, i.e., t=1. Furthermore, the evidence of cointegratiop is strong; based on
the simulated test values, the critical significance leve! for the null that tjhere is not

cointegration is virtually zero. -

< Tables 2 and 3 >

Table 3 reports the estimates of the § and 'y< vector under the restriction that there is one
cointegrating vector. The 7 matrix is also reported. The estimated B vec‘tor leads to the
following lohg—run equilibrium relation between stock and bond returnsj at the 5-year horizon

(indicative standard errors of coefficient estimates in parentheses):
)] S, = 8,-§96)B: +(()0(8027? (5 year)

The coefficient to the bond yield, estimated to be 0.8{9’,ﬂis clearly significant. We furthermore
note that this point estimate is below one. Equation (1) suggests a one-to-one relationship
between stock and bond returns, and it is therefore of relevance to test the hypolthesis that the
(*true’) coefficient is one'?. The Likelihood Ratio (LR) test statistic for this hypothesis is 2.77;
the asymptotic test distribution is (1) and the critical test value equals 3.84 at the 5%
significance level. Hence, the hypothesis cannot be rejected at the conventional 5% level''.
However, there appears to be a tendency for the bond yield coefficient to be less than one.
Based on the normal distribution and the indicative standard error of the coefficient estimate,
the (indicative) 95% confidence interval can be shown to be (0.69,1.03). The fact that itis
likely that the (‘true”) bond yield coefficient is below one may reflect the tendency for stocks

to be taxed at a lower rate than bonds, cf. section 3.

% For comparison, the standard 95% critical test values are 20.0 (for r=0) and 9.1
(1=1), cf, Johansen (1996, Table 15.2).

10 Formally, we test the validity of the restricted cointegrating vector (By,=1,p2=-1,
B5,), where we have normalized on stock returns (this augmented 3x1 vector includes the
constant term (P,,), restricted to be part of the cointegrating relation, cf. section 4).

1 The critical significance level of the test is 9.6%, so at a strict 10% significance
level we would reject the null.

Kocherlakota (1996) for a survey of this literature.
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Over the sample 1927-1992, the average difference between the S-year return on stocks: and
the 5-year return on bonds is 1.4% per year. This long run return differcnce between the two
assets is reflected in the constant term of (4), estimated to be 2.6% per year (slightly higher:
because the estimated bond yield coefficient is below one). The premium on stocks may be
considered fairly low, in particular, by international standards. In judging the difference
between stock and bond yiel(;s; ;t should be noted, though, that we are dealing with 5-year

" horizons, and that the 5-year bond rate on average is higher than a short Treasury Bill rate,

_which is a common estimator of the riskftee rate in the equity premium literature, see

" Having estimated the long-run equilibrium relation between the stock and bond markets, we

can test whether deviations from this telationship trigger adjustments in the bond yield and.
stock returns, respectively, These tests are concerned with the estimated adjustment coe!fﬁ—}
cients in the y vector and amount to testing for weak exogeneity of bond and stock retu:%ns, cf.
Johansen (1996). To begin with, we test the null hypothesis that the adjustment coefﬁciient in
the direction of bond yields (estimated to be -0.13, cf. Table 3) is zero'. The LR test ofithis
hypothesis has a critical significance level of 3.4%, so we reject the null at com./entiona}
significance levels. In other words, the bond yield is not exogenous as deviations from the
long run stock and bond yield relationship trigger adjustments in the bond yield. Likewise, we
can test whether stock returns are exogenous by testing the null that the adjustment coefficient
in the direction of stock returns (estimated to be -1.45) is zero. This hypothesis is clearlly
rejected as the critical significance level of the corresponding LR test is effectively zero (the
LR test statistic is 43 which should be compared to the %*(1) distribution). Thus, stock feturns
take on a significant burden in the adjustment to long-run equilibrivm between the stock and

bond markets'.

i
i
|
12 Formally, we test the validity of the restricted adjustment vector (y, ,,y2.=())‘l

13 In interpreting the results on exogeneity, it is important to recall that the yield-to-
maturity on bonds, in contrast to stock returns, is a predetermined variable as it is determined

and known at the beginning of any 5-year investment petiod. The apparent endogeneity: of the
bond yield, therefore, in principle, implies that future stock return realizations are significant
in explaining the current bond yield. At the 10-year horizon we also find that the bond yield is
endogenous, This result could tentatively be explained by expectational effects and a slow
arbitrage process, cf. section 6, However, at the 5-year horizon, this interpretation is not so
obvious. The estimated adjustment coefficients suggest that if stock returns are excessively
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6. Results for the 10-Year Horizon

The results for the 10-year horizon are reported in Tables 4, 5 and 6. We have performed the
same specification tests as before and find that there are no signs of seriél correlation or .
heteroskedasticity EARCH) in the residuals of the dynamic \model, using the conventional 5%
significance level. We reject the hypothesis of normally distributed residuals in the equation
for stock returns, a standard assumption underlying the statistical resultsj of the Johansen
method. However, as shown in Johansen (1996, Part II), this assumptioxi is not crucial as the -
asymptotic inference of the Johansen method is also valid in the less restrictive case where
residuals are identically (and not necessarily normally) distributed over ;{ime. We thereforg

conelude that the dynamic model (2) is acceptable from a statistical poiﬁt of view.

<Tables 4, 5 and 6>

|
We find one and only one cointegrating relation in the/ lata and, again, the evidence of
cointegration is strong. The estimated long-run equilil;rium relationship between stock returns
and the bond yield at the 10-year horizon is: ]

&) S, =718, + 0035 (10 year)

The point estimate of the coefficient to the 10-year bond yield is highly‘ significant and equals
0.71. Thus, the coefficient is also below one at the 10-year horizon. By testing whether the
coefficient is one, we get a clear rejection at any significance level (the LR test statistic is 22
with a critical significance level that is virtually zero). The indicative 95% confidence interval
for the coefficient is given as (0.61,0.81). Hence, at this horizon there is a clear deviation from
a unitaty coefficient to the bond yield. The estimate of the constant equals 3.5% per year,

slighter higher than at the 5-year horizon".

high relative to bond yields, stock returns tend to decline by more than is necessary to restore
equilibrium (as the adjustment coefficient in the direction of stock returns is negative and
above one in absolute value) while at the same time the bond yield also tends to decline (as
the adjustment coefficient is negative). This suggests a rather complex (and puzzling)
dynamic adjustment to long-run equilibrium.

14 For comparison, the average difference between the 10-year stock return and the
10-year bond yield is 1.5% over the sample 1927-1987.
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~ Our results on the exogeneity status of the variables parallel the findings at the S-year horizon,

as both the stock return and the bond yield are endogenous'®. Hence, deviations from the long
run cointegrating relation trigger adjustments in both the stock return and the bond yiel;d, The

estimated adjustment coefficients show that if stock returns exceed the long run level implied

~ by the cointegrating relation, stock returns tend to fall (negative adjustment coefficient)

e ; R
whereas the bond yield tendsto increase (positive adjustment coefficient). Thus, the returns in

both markets contribute to restore the long-run equilibrium relation,

Tentatively, the endogeneity of the predetermined bond yield may reflect expectational effects
and a slow arbitrage process between the two matkets. Thus, consider a situation where the
representative investor expects that the stock return over the next 10-yéar investment period
will be higher than the equilibrium level implied by the cointegrating relation. In an effective
iarket, this expected abnormal return will lead to an immediate transfer of funds from the:
bond to the stock market which eliminates the arbitrage opportunity. However, if for séme:
reason the arbitrage process is slow’s, the expected stock return will remain high. Moreover,

we will see a gradual adjustment in the expected stock return (which will decline) and the

bond yield (which will increase) as funds are transferred across markets over time. Duting this
adjustment phase the expected excess retutn on stocks leads the adjustment in the bondi yield.
Because the realized stock return signals the expected stock return under rational expectations,
we may as the outcome obsetve that an abnormally high realized stock return over the next
10-year period leads changes in the current bond yield. That is, the bond yield may appear to

be endogenous even though it is predetermined. -

7. __Concluding Remarks |
This short paper has shown that the realized stock returns and bond yields at the 5-year|
horizon and at the 10-year horizon form strong cointegrating relationships. Thus, a higllx bond
yield tends to go hand-in hand with a high stock return in the medium and long term, ag{ld vice

versa. The stable relationships between the two markets are likely to reflect an arbitrage
f
15 In both cases, the critical significance level of the relevant LR test is, for all

practical purposes, zero. !

16 possible reasons for a slow arbitrage process could be the existence of transaction
costs, a slow transmission of information in the market or legal constraints on the representa-
tive investor’s portfolio allocation.




-

On the Relationship between the Danish Stock and Bond Market 116

process that works in the medium and long term.

Our results also show that stock returns tend to respond less than one-tolone to changes in the
interest rate. This result is strongest at the 10-year horizon where the deviation is statistically

. . . < ) s ' . .
significant. In a world whete investors are taxed symmetrically, arbitrage considerations

suggest that there should be a one-to-one relationship between stock returns and bond yields.

Hence, we think that the result reflects asymmetric taxation because bond yields often have

been taxed at a higher rate than stock returns; that is the picture that applies to the majority of

the investors. f

To get a deeper understanding of the effects of taxation is, however, a lé.rge and complex
project in itself. It requires first of all 2 careful study of the tax laws (that differ across
investors) in the entire sample period. It also requires that one is able to identify the marginal
investor at different points in time. This is an interesting project with mvany potential exter-

" : ‘o o .
nalities, We therefore consider this issue to be an obvious topic for future research.
- i
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Appendix:  Unit Root Tests |
We have examined the stationarity properties of each of the return series, using the unit root
tests of Phillips and Perron (1988) (PP) (see Table A.1) and Kwiatkowski ef al. (1992)
(KPSS) (see Table A.2). The tests are introduced in the notes to the tables.

< Tables A.1 and A.2 >

The outcome for the 10-year stock return and the 5- and 10-year bond yields is clear; using
conventional significance levels, all three series are concluded to be integrated of ordelff 1
(I(1)), i.e., to be non-stationary in levels, but stationary in first differences. The outcome for
the 5-year stock return is mixed, as the PP test indicates I(0) (i.e., that the series is stati:onary
in levels) while the KPSS test suggests I(1). To provide further evidence, we have performed
an augmented Dickey-Fuller test of the null that the process for the 5-year stock return|
contains a unit root, cf, Dickey and Fuller (1979). Based on a well-specified augmenteﬁil
Dickey-Fuller regression where we include the fifth lag of the first differences of the stock

return (this lag structure is chosen by a general-to-specific procedure, e]iminatiﬁg the

insignificant lags in a general regression), we get a test statistic of -2.5. Hence, at conventional
significance levels, we can not reject the null of a unit root, i.e., the level of returns is non-

stationary. Overall, we theréfore conclude that also the 5-year stock return is I(1).

Finally, it should be noted that in order to use the'(standard) Johansen method, all we need is

that each return series is at most I(1), This is clearly accepted by the unit root tests.
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Figure 2. 10-Year Stock and Bond Return, 1927-1987.
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Table 1. Specification Tests of the VAR Model V. 5-Year Horizon. 1927-92.

3 Chapter 3

' 1

Table 4. Specification Tests of the VAR Model V. 10-Year Horizon. 1927-87.

Correl. SE? N lit ARCH, F-test . ¢ Autocorrelation, F-test - —
A:m:l & ;?(23 v i 1 Correl. SE?®  Normality ARCH, F-test Autocortelation, F-test:
‘ p |
itted 2 Lags " Lags ' ‘ Actual & @ '
Fitte 8 £ Fitted Lags Lags
1tol - tto2 Itod fto6 Ttol 1t02 tto4 Lto6
' , Ttel - 103 lto5 1107 1tol 1to3 ttos 1to7
Eq. AS, 0845 0.037 0.52 040 250 130 L1229 167 101 071 o _
: ! ) : 0371  [0.091 [020] [0.41] [0.64 Eq. AS 0.866 0022 _.2°7.80 1.84 072 076 0.5t 038 121 073 140
077 [053] [0.09) 029 ' ]‘1 (009} [0201 (0411 1061 ' [0.02) [0.18] [054] [0.59] {[0.82] [0.54] [0.32] [0.61] ([0.23]
Eq_ AB‘ 0.963 0.012 1.37 .0.69 2.09 1.15 1.06 0,01 0.70 0.80 0.57 i
X . 0, 0.931 [0.50] [0.53] [0.75 Eq. AB 0.981 0.009 0.06 291 172 136 1.20 0.96 1.64 099  0.69
[027] a1 _[013] [035] odo] (093] (0501 [0 D7 i [0.97] [0.09] [0.18] [026] [032] [0.33] [0.19] [0.43] [0.68]

Note: The VAR model has a lag length of 5 and includes a constant term (restricted to the cointegrating space) and an impulse

dummy for 1983 (enters unrestricted). F-tests are small sample approximations to Lagrange Multiplier tests (F-form), Normality

test of Doornik and Hansen (1994), of, also Doornik and Hendry (1997). Critical significance levels in brackets,

1) Single-equation specification tests for Normality, ARCH and serial correlation in residuals, We have also undertaken vector
+ gpecification tests (based on the whole system) for Normality, heteroskedasticity (squares) and serial correlation (not reported).
" None of these signal misspecification problems at the 5% significance level when we apply the small sample F-test.

2) Coefficient of correlation between actual and fitted value for variable in levels.

3) Standard error of residuals. :

Table 2. Tests for Cointegrating Rank. 5-Year Horizon.7f927-92.

Rank Eigenvalue Trace Statistic Trace Statistic Trace 95%
(small sample)? Quantil?

r=0 0.49 45.08 38.25 16.5

r=1 0.01 0.93 0.79 59

Note: Maximum Likelihood estimation by method of Johansen (1996). 1) Asymptotic trace test statistic, cf. Joh.ansen (1996).
2) Trace test statistic adjusted for small sample, cf. Reimers (1992) and Doornik and Hendry (1997). 3) 95% critical test value for
trace test, simulated by the simulation program DisCo, cf. Johansen and Nielsen (1993). Allows for the impulse dummy for 1983,

\
- Table 3. Restricted II-Matrix, Y- and f-Vector (r=1), 5-Year Horizon. 1927-92.

Y p I : J
~1.445 1 -0.864 -0.026 ~1.445 1.249 0.037
(0.20) (0.087) 0.007) (020 0.17) (0.005)
-0.130 -0,130 0.113 0.003
(0.07) (0.07) (0.06) (0.002)

“Note: Maximum Likelihood estimation by method of Johansen (1996). Rank r restricted to 1. The B-vector is normalized on stock
returns and includes the constant term (restricted to the cointegrating space). Indicative standard errors of parameter estimates in
parentheses.

Note: The VAR model has a lag length of 3 and includes a constant term (restricted to the cointegrating space) and an impulse
dummy for 1983 (enters unrestricted). F-tests are small sample approximations to Lagrange Multiplier tests (F-form). Normality
test of Doornik and Hansen (1994), cf, also Doornik and Hendry (1997). Critical significance levels in brackets.
1) Single-equation specification tests for Normality, ARCH and serial correlation in residuals. We have also undertaken vector

; specification tests (based on the whole system) for Normality, heteroskedasticity (squares) and serial correlation (not reported).

" None of these signal misspecification problems at the 5% significance level when we apply the small sample F-test.
2) Coefficient of correlation between actual and fitted value for variable in levels. :
3) Standard error of residuals.

Table 5. Tests for Cointegrating Rank. 10-Year Horizon, 1927-87. '

Rank Eigenvalue Trace Statistic” Trace Statistic {Trace 95%
(small sample)? | Quanti”!

=0 0.53 4722 42.57 e

r=1 0.03 1.62 1.46 6.0

Note: Maximum Likelihood estimation by method of Johansen (1996). 1) Asymptotic trace test statistic, cf, Johansen (1996).
2) Trace test statistic adjusted for small sample, cf, Reimers (1992) and Doornik and Hendry (1997). 3) 95% critical test value for
trace test, simulated by the simulation program DisCo, cf. Johansen and Nielsen (1993). Allows for the impulse dummy for 1983,

j 5
*" Table 6. Restricted YI-Matrix, y~ and $-Vector (x=1). 10-Year Horizon. 1927-87, !

Y p’ i ;
-0.571 1 -0.709 -0.035 0,571 0.405 0.020
©.17) (0.050) (0.004) ©0.17) (0.12) (0.006)
0.384 0.384 0272 0,014
0.07) (0.07) 005) | (0.003)

Note: Maximum, Likelihood estimation by method of Johansen (1996). Rank r restricted to 1, The B-vector is iormalized on ;stock
returns and includes the constant term (restricted to the cointegrating space). Indicative standard errors of patatneter estimates in

parentheses. 1
i
li
i
1
I
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Table A.1. Phillips and Perron (1988) Z-Test for Unit Root |
Lag length (1) j :
Series: 0 1 2 3 4 5 6

5 Year Horizon (1927-1992):

St 371 -3.71 -3.84 -3.82 :3.86 2370 -3.64
B, -1.62 -1.44 -1.44 -1.49 -1.51 -1.53 -1.56 ' . Chapter 4
AS, :9.14 -9.13 -9.12 -9.15 9.17 9,37 -9.61 ) i :
AB, -10.51  -10.51  -1048  -1041  -1038 1036  -10.3 L
10 Year Horizon (1927-1987): R ‘ :
S 227 -2.27 =225 -2.24 -2.20 2,19 2217 ! ' f
By -1.10 -1.08 -1.11 -1.14 -1.17 -1i19 -1.20 f Regime-Switchine Stock Returns an
AS, © o811 -8.11°  -8.12 -8.14 821 -8128 -8.38 | g 5 s and
AB, . -8.00 -8.00 -8.00 -8.00 -8.01 -8l01 -8.01 P Mean Reversion
Critical test values: 10% 5% 1% ‘
Without trend -2.59 -2.91 -3.54
t

Note: The Phillips and Perron (1988) unit root test is based on the first order autoregression X,=0l+pX,y
+u, (without trend) where the disturbance term u, has mean zero but can otherwise be heterogenously
distributed and serially correlated up to lag /, see also Hamilton (1994). The Z, test statistic is a . )
modified t-statistic for the null hypothesis of a unit root (p=1), coffecting for the possible non-standard X
properties of u,. The null is rejected in favor of the stationary altérnative (p<1) if Z, is negative and

sufficiently large in absolute value. Critical test values are small-sample values calculated from }

MacKinnon (1991), Underlining indicates rejection of a unit root at the 5% significance level. "

Table A.2. Kwiatkowski ef al. (1992) Test for Unit Root ‘ o : ‘
Lag length (I) o |

Series: 0 1 2 3 4 5 6 o .
5 Year Horizon (1927-1992): ! l : ;

AB, 0.12

8y 120 0.75 0.58 0.50 0.46 0.45 0.44 \

B, 4.54 2.37 161 124 101 0.86 0.75 !

AS, 0.02 0.03 0.03 0.03 0.03 0.05 0.05 - i

AB, 0.07 0.09 0.10 0.10 0.10 0.10 0.10 ‘

10 Year Horizon (1927-1987): ! I

St 3.00 1.66 119 0.95 0.80 0.70 0.63 [ 4 ,

B, 4.52 2.31 157 1.20 0.98 0.83 0.73 ] ‘

AS, 0.04 0.04 0.04 0.05 0.05 0.06 0.07 i l
0.12 0.12 0.11 0.11 0.1 0.11 i |

Mean-stationarity 0.35 0.46 0.74

Note: The Kwiatkowski ef al. (1992) test for a unit root is a Lagrange Multiplier test of the null

hypothesis that the series can be described by a stationary process around a constant mean, against the

alternative that the process also includes a non-stationary random walk component. The nulf of i |

stationarity is rejected in favor of the unit root alternative if the test statistic is sufficiently large. i '

Critical values are from Kwiatkowski ez al. (1992). Underlining indicates rejection of the null (i.e., a '. ‘ }
f

|

Critical test values: 10% 5% 1% 1 . i
l i
i
I
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unit root is present) at the 5% significance level. The lag length I is the number of lags allowed for in
the stationary component of the process.
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Abstract

We estimate a well-specified two-state regime-switching model for Danish stock returns, The
model identifies two regimes which have low return-low volatility and high return-high
volatility, respectively. The low return-low volatility regime dominated, except in a few, short
episodes, until the beginning of the 70s whereas the 80s and 90s have been characterized by
high return and high volatility. We propose an alternative test of mean reversion which allows
Sor multiple regimes with potentially different constant and autoregressive terms and different
volatility. Using this test procedure we find mean reversion at 10% but not at 5% significance
level which is weaker evidence than produced by estimating.a standard autoregressive model
for returns. Furthermore, when analyzing contributions of the two regimes we find that the
indication of mean reversion is due to the recent high return-high volatility regime only.

* ‘We thank participants in the workshop “Stock Market Economics™ at Copenhagen
Business School, May 1999, for useful comments. The activities of the Economic
Policy Research Unit (EPRU) are financed by a grant from the Danish National
Research Foundation.
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1. Introduction l

A plot of Danish stock returns over time suggests that returns wete low and relatively %stable
from the 1920s until the beginning of the 1970s whereas the period since then has beeil :
characterized by higher average return and more volatility: .

e

Figure 1. Annual Nominal Stock Returns in Denmark 1922-96

Note:  Market portfolio of stocks listed at the Copenhagen Stock Exchange. |
Data are from the Nielsen, Olesen and Risager (1999) database. |

This observation was also made on an infomﬁal basis by Nielsen and Risager (1999)'. Iln this
paper, we fit a time series model’ to the nominal return data which allows for the prese:nce of
more than one regime. This provides for a formal analysis of whether there have been iseveral
regimes and when changes of regime occurred. Furthermore, this approach enables us'Lto test
the hypotheses that mean return and voiatility are higher in one regime than in the otﬁl 1
Identification of multiple regimes is important for understanding the time series prope'irtieS of
stock returns and may, in particular, be valuable for forecasting purposes.

.
The plot also indicates that annual stock returns display negative serial correlation (m!(:)st :
obviously in the latter part of the sample), ie., that stock prices mean-revert. This qué%:tioni was

first raised by Fama and French (1988) and Poterba and Summers (1988) and has bee{i
. i

! However, they view the return in 1972 as an outlier and conclude that the change of regime takes
place in 1983.
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|
examined for Denmark by Risager (1998). These papers all report weai( evidence of mean
reversion®. The present paper provides an alternative test of this issue vivithin the framework of
the regime-switching model. Thus, our approach leads to a mean reversion test which allows
for multiple regimes in the return process, ] n
Our procedure takes into accoﬁnt the specific pattern of heteroskedasti;city, ie., regime shifts
in volatility level, identified by the regime-switching model, There are; two related papers by
Kim and Nelson (1998) and Kim, Nelson and Startz (1998) in which a similar model for
returns is estimated, They standardize returns by estimated volatility and calculate variance
ratio and autoregression tests for standardized returns, Our approach, on the other hand, is a
parametric test of negative serial correlation which directly utilizes estimates obtained for the
regime-switching model. '

|
Furthermore, the paper provides new evidence abogg—"‘fhe extent to wl1i§h serial correlation
differs actoss regimes, ie., whether the visual impression, that negative serial cgrrelation is
stronger in the latter part of the sample, is correct. In order to apply the tests we calculate
analytical expressions for unconditional and state-specific means, varijances and serial

correlations for the regime-switching model with an autoregressive term.

The following section fits a regime-switching model to our return data. Section 3 derives
analytical means and variances of the model and tests hypotheses. Similarly, serial correlation
and implications for mean reversion is considered in section 4. Finally, section 5 concludes.

2. Estimatin ime-Switching Model fo u

Given the apparent change in behavior of Danish stock returns we are led to estimate a model
which accounts for stochastic changes in regime. We employ a two-state version of the model
developed by Hamilton (1990). According to this model there is an unobserved state variable,
§,, which takes on the values 0 or 1. The state variable is assumed to follow a Markov chain,

ie., the transition probabilities satisfy Poo=P (501 8,.1=0)=P(s:=0|$5=lgs.r.,812=112,8,1=0) and

2 The former paper analyzes real return, the second real and excess return, and the latter real and
nominal return. In the present paper, we examine nominal returns.

e -
- o .
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g |
Pn=PEE1 s =1)=P(s=1 [ Sg=igsesS107102,8.1=1) for any sequence ig, ..., iy, and any t, The

observed stock return depends on the state variable:

(1) Rt = p'l) * (”1_”0)‘9: + d)ORl-l + (d)l-d)o)ist-l + OOEI + (01 “00)3“€‘ 4

R

e

where €, ~ n.i.d. (0,1). , :

Thus,
@ RII“:=O = 1o+ BR,y + O€,
|
and
3
® Rls=1 =p, + QR +0€, . l

Note, that this version of the model allows for distinct 1’s and 0°s, and that an autoregressive

term is included in each state.

The parameter vector is estimated by numerically maximizing the log likelihood function. The
likelihood function and the maximizing procedure are standard for regime-switching nodels
and described in Hamilton (1994), section 22.4. The algorithm used to evaluate the logi
likelihood has two other interesting byproducts. First, it is possible to evaluate the pro]i)ability
that a given observation was generated by, say, state 0 conditional on information avaijlable at
that time (filtered probabilities), ie., curtent and past stock retutns, This provides insigﬁt about
timing of regime changes. Second, the algorithm generates one-period-ahead probabili:ties
which can be used to construct return forecasts, i
Estimating the model desctibed above does not immediately give satisfactory results. ';I;‘he

main problem is that the estimate of one of the transition probabilities is at a corner, ﬁ§b=o,

and that the estimate of the autoregressive term in state 0 is above 1, $=1.59. Both of these

estimates thus violate the assumptions under which specification tests proposed in Hamilton
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(1996) are derived. Hence, the distribution of test statistics is unknown However, mfomlal
diagnostic tests of standardized residuals of the three-state model suggests that the three-state

model suffers from autocorrelation in the error term, cf. Appendix A In this formulation, the

filtered probabilities conditional on information available at time t onl2assign three observa-
tions to state 0, namely 1923, 1972 and 1983 which all represent year$ with extraordinary

returns (cf. figure 1). Thus, state 0 may be viewed as a state which pxcks up outliers whereas

state 1 is the ordinary state.

e outlier state we
72 and 1983

To pursue the question( of whether there exist two states in addition to th
estimate a three-state version of the model. This results in an outlier s{ate for 19
and two ordinary states for the remaining observations. The ordinary reglmes have low return-
low volatility and high return-high volatility, respectively, and the tlmmg of regimes is in line
with what we anticipated from looking at data. However, transition probablhtles and the

autoregressive term of the outlier state cause the same problem as above.

To be able to perform the Hamilton (1996) specification tests of the model and given the

indication of misspecification revealed by residual-based tests we therefore choose to

introduce dummies for 1972 and 1983 in the two-state model. The two dummy variables have

zeroes every year except in 1972 and 1983, tespectively, where the value is 1. They are added
to equation (1) as two additional variables with potentially distinct coefficients in the two

states to allow maximum flexibility. Thus, the resulting model is:

3 83 83,
() R= g+ (hyonps, + Hed72, + (W] ong)sd72, + Wy d83, + (he M )sd83,
+ QR + (PR + OgE, * (0,-0g)s,€; »

where 5,6{0,1} and € , ~ n.i.d, (0,1). pf? and p’ are the coefficients to the dummy variables in
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state 0, and likewise for state 1.3

The fundamental difference between the three-state and the dummy model is the assumption
of the latter that 1972 and 1983 are abnormal and non-recurring events which can be ignored
while fitting a model for'thqr@;paining observations. On the other hand, the three-state model
views 1972 and 1983 as Bélgnging to a separate, extreme state which there is a (small)

positive probability of returning to.

Our choice of the two-state dummy model is motivated by the fact that there are solid
economic reasons for treating these years as special. In 1972 Denmark decided to join the
EEC and agreed to allow foreign ownership of Danish stocks, In 1983 nominal interest rates
were dramatically reduced as a result of the adoption of a fixed exchange rate policy and
further capital market liberalizations, and a new pension fund tax was introduced on bond
yields only. These events are potential explanations of the outstanding stock returns of these

particular years,

The fQIIowing estimates are obtained for the two-state model with dummies*:

|
t

3 The likelihood function is identical to the one presented in Hamilton (1994), p. 692, where |the .

elements in 1), are (using the notation of this paper)

1 exn{ (R~ p, 472,71, d83 O R, l
V2o, 207 J, 1=0,1 b

4 Parameter estimates of the two-state dummy model are similar to estimates of the three-state model,
cf. Appendix A.




Regime-Switching Stock Returns - : o 132

Table L. Two-state model with dummies for 1972 and 198#, sample 1923-96
e . i

o 0.0601 Poo 0.8497
(0.0244) (0.1430)

" 0.1802 b, 0.8304
(0.0461) (0,1400)

bo -0.0446 i 0.8925
(0.0955) (0.0825)

Y -0.3297 PP 0.7819
i (0.1256) (0.5881)

o 0.0056 e 1.1265
(0.0030) (0.2028)

7 0.0385 u 10582
(0.0126) ‘ (0.2150)

Note:  Standard errors in parentheses estimated by second derfvatives of log
likelihood. A

P

Point estimates of p and o are smaller in state 0 than in state 1, and as we are going to see in

section 3 a non-trivial implication of table 1 is that state 0 is the low retutn-low volatility state’

whereas state 1 is characterized by high return and high volatility. ¢, is insignificant but we

- choose to keep it for use in the next section. Finally, to determine whether the regimes are

statistically different we may for example test a hypothesis that the w’s are equal across states.

" A Wald test rejects this hypothesis (the critical significance level is 0,0244) which confirms

that there are 2 distinct regimes.

Note also, that the problem of corner solutions is avoided and that both AR-terms are
numerically less than 1. Hence, specification tests suggested by Hamilton (1996) may be

applied. These are reported in table 2.

Chapter 4

Table 2. Specification tests.

White tests, x%(4)
Autocorrelation 0.7832  (0.9403)
ARCH 6.4781 (0.1677)
Markov property : 0.3786  (0.9835)
Lagrange mulfiplier tests, x%(1)
Autocorrelation in regime 0 0.2250 (0.6394)
Autocorrelation in regime 1 0.0116  (0.9151)
Autocorrelation across regimes - 0.5266 (0.4717)
ARCH in regime 0 1.3324  (0.2547)
ARCH in regime 1 0.1414  (0.7079)
ARCH across regimes 0.9079  (0.3454)

Note:  Critical significance levels in parentheses, Large sample tests of
Hamilton (1996).
f
The tests show that the residuals of (1') fulfil the white noise requirements, ie., they aré
serially uncorrelated and homoskedastic (no ARCH), both within and across regimes. |
Furthermore, the Markov property of the tr’ansition probabilities cannot be rejected, ie., the
probabilities of the future state outcome are determined exclusively by the most recenti state

realization,

The model clearly passes all specification tests at the conventional significance level using

large sample distributions. Using the small sampie cotrections suggested by Hamilton ?(1996)

leads to even clearer acceptance of the model. Furthermore, informal diagnostic tests confirm

|

that standardized residuals is white noise, cf. Appendix B. ‘
|

We are now ready to analyze the timing of regimes. Figure 2 shows the filtered probabilities,

ie., the probability that observation t belongs to state 0 given the information on cumenit and

past stock retutns available at time t.
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i

Figure 2. Probability that observation ¢ is in state 0 given information available.
|

This confirms that after a long period of state 0 dominance state 1 has recently become more
frequent, Except for a few, short episodes, returnsf\fvere in“the low return-low volatility state
with probability greater than one half until 1973, The exceptions are in the begi.nning of the
20s which was a period of financial distress in Danish financial and industrial companies, the
beginning 2)f the 30s which covers both the decline and recovery in ;he wake of the Wall
Street crash, and the latter half of the 50s which marks the beginning of a long business cycle
boom. All the episodes occur in periods of volatile stock returns, of, figure 1. Since 1973, and
especially during the 80s and 90s, the high return-high volatility regime has dominated. One
possible explanation is that liberalization has made the Danish stock market more vulnerable
to foreign volatility.’ A similar argument is made by Sellin (1996) in relation to a recent

Swedish liberalization.

Figure 3 shows the return forecast of the model® for time t given information available at t-1.

5 Although the Danish stock market is formally opened to foreigners around 1972, foreign holding of
Danish stocks doesnot accelerate until the beginning of the 1980s, of. Eskesen et al. (1984). This explanation is
consistent with the observation that a persistent regime-shift seems to take place in the beginning of the 1980s.

6 We have excluded the dummy terms in forming forecasts which is natural since the necessity of
dummies could not have been anticipated. The forecast is calculated by (note 6 is continued):

ERQ,) = P(s,=0[2, )0, + OR,)) +P(s, =119, )0, DR,
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Assuming that market participants know the return process, we may interpret the model
forecast as a measure of market expectations at time t-1 about time t return, We see that the
market almost always expected returns within the 5 - 15 per cent per year range in the long
period from 1924 to 1972, Since then, and in particular since 1981, market expectations have
been extremely volatile andj, in.fact, more often outside the 5 - 15% range than inside. This
reflects that returns have been more volatile in the latter part of the sample and that current

returns affect forecasted returns significantly in the state which dominates towards the end.

Figure 3. Model’s return forecast at t-1
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3. eans and iances of th es

In this section, we calculate means and variances of the return process estimated in thé
previous section, Both unconditional and conditional means and variances are calculat;ed. We
consider an ‘ordinary’ year, i.e., the dumny terms are ignored. '

|
The calculations in sections 3 and 4 are complicated by the presence of the AR-term a!;m Have
to our knowledge not been presented elsewhere. It is important to include the AR—ternﬁ for two
reasons. First, table 1 shows that the AR-term is statistically significant. Hence, a mo<li_el :

without this component would be misspecified and mean and variance calculations wguld be

where the probabilities are one-period ahead probabilities, cf, Hamilton (1994), section 22.4,
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invalid, Second, in section 4, we suggest an alternative test.for mean reversion in retutns

which, basically, tests the significance of the AR-term.

3.1. Means

The unconditional mean of model (1) is:

I

P(s,~0)ER,|5,-0) + Pls,<DER |3, 1)

@ ER)
Tty + DER, 115,700 + T, + GER,[s,=1) »

il

where 6, = P(s=0)=(1-p1,)/(2-Poo-P11) and T, = P(s=1)=1-, are unc%)nditional (ergodic)
probabilities of being in the particular state, of. Hamilton (1994). Note, that the mean depends
on expected return in the previous period conditional on the current sjtate":

. ER,|s,=1) = P(s,,=0}s,=DER,_ |5, ,=0) * P(s,,=1|s,=DER,_|s,.,=1)
©) PE(R,\[$,,0) + (L-PYER,.,]s,,=1) ,

where p = P(s,,=0/s,=1) is the probability that the state variable in the previous period was in
state 0 given it currently is 1 which can be interpreted as an ‘inverse” transition probability.

Using Bayes’ rule it can be shown that:

p= ToPor
©) ToPor TPy
“Pyo

Thus, the inverse transition probability equals the ordinary transition probability.

Assuming covariance stationarity, ie., that means and autocovatiances are constant over time,

the dating on the right hand side of (5) may be changed:

@) E(Rt—lls:=l),: pE(R,lSﬁO) + (1 _P)E(Rllsl=l) .

'7 This is derived in Appendix C.
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Similarly,

® E(R,|5,20) = qE(R]s,=0) + (1-9)ER,|s,=1),

where g = P(s,,~0/s,=0) is another inverse transition probability. Using Bayes’ rule, it can be

shown that:

® : )
ToPoo *T1P1o
“Poo

(7yand (8) can be inserted in:

B

(10) ER,|5,70) = p, + $ER,_,|s,=0)

an ‘ ER|s,=1) = py + ¢1E(R,-1|s,:1)

(derived from (1)).to get two equations in two unknowns. The solutions are®:

-
12) BRR|s=1) = &
d)o (1-q) 4 + p,B

B Js0) = = - " |
0 !

where 4 = u-Goqu i+ o and B = 1-yg-y(1-p)-dop(p-q). Finally, insert (12) in (4) to get

|
il

the unconditional mean.

E(R,|s=i) is the expected return in state . It depends not only on the parameters of stai§ ibut
also on the parameters of the alternative state. This is due to the AR-terms in returns v?!hich

force us to consider expected rturn, and hence the value of the unobserved state variaili}le, in
i

8 Assuming B#0,
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the previous period to form expectations about returns in this period.! For example, if ¢,>0 and
p>0, state 1 expected return increases in i, since there is some probablhty p, that the state
variable was 0 in the previous period in which case g affects expected return last period.

which, in turn, affects expected return in the present per\iod via the positive AR-term in state 1

(d0-

Given the analytical means in (4) and (12) we are able to estimate:

Vi

S
Table 3. Unconditional and conditional means

o | (g:(o)?;g)
BRI oo
PeD ©0330)
Wald test, Hy: BR[s=0)=ER/|s=1) ~ 3.9806

[0.0460]

Note:  Each of the means are calculated as a function, 1(0), (cf. (4) and (12)) of the estimated

patameter vector, 8=[flg, i, 5% 1% AT, A%, &g, &y, 63, 63, Pooy Pl Standard errors in
parentheses are calculated as: Std(F(0))=[3’ Var(8)3]", where J=[0f/de]. The restriction being
tested has been reformulated as g(8)=0, and the test statistic is calculated as:
W=g(8)’[1’Var(6)1]"g(8), where J=[dg/o0]. W is asymptotically x? with degrees of freedom
equal to number of restrictions (i.e., 1).

Critical significance levels in square brackets.

The estimated unconditional expected return is 9.5% per year which is close to the simple
average? of 9.1%. State 0 expected return is estimated to 5.7% per year whereas state 1 has an

expected return of 13.9%. The Wald test just rejects (at 5% significance) the hypothesis that

9 From 1923 to 1996 excluding 1972-and 1983,
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means are equal in favor of the alternative that means are different.!” Thus, we are Justlﬁed in

saying that regime 0 has lower expected return than regime 1.

3.2. Variances

Unconditional variance is: .

T

13) Var(R) = EQR}-EQR)?

Consider,

, E@R]y = P(s,=0)E(R/'|s,0) + P(s,=D)E(R]|s=1) |
(14) = Ty(ua +2pobER, [s,~0) +DLE(R |5, =0) +07) +

< nl(p.f+2p,‘¢|E(R,_l|s,=1)+4)fE(R,z_l|s,=l)+0f)

using the model, that is, (2) and (3).

In this expression, we have that

2 2
ER?|5,=0) = qER>,]s,,=0) + (1-0ER.,|s,.,=1)

as 2 2 2
ER4|s,=1) = pE(R.|s,,=0) + (1-PER4|s,,=1)

Assuming covatiance-stationarity, we need to solve'"

i
ER?]5,70) = E[(ky+DoR,, +0,€) Mo +DoR, _; +0,€0)|5,=0] i
= p2e2p O ER, |5, =0) +Po(aER s, =0)+(1 -)E(R s, —l))+oo

|

(16)

and a similar expression for E(R?|s=1) to obtain E(R?). The solutions for B(R}|s/~i)

§

19 1y addition to the Wald test, we have performed a Likelihood Ratio test of the same hypoih}sis
which has a critical significance Jevel of 0.0643 leading to acceptance of the hypothesis at 5%. We have more
confidence in the Wald test, however, since filtered probabilities change completely under the resh'ictim'ﬁ which
in our opinion makes the test hard to interpret. Possibly, the existence of multiple local maxima of the |
unrestricted likelihood function reduce the power of Likelihood Ratio tests. :

n E(R,..|s=0) is known from section 3.1,
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are in appendix D. Subtracting the squared means derived earlier givgs expressions for

unconditional and conditional variances,

Unconditional and conditional variances can now be esglmated:

Table 4. Unconditional and conditional varjances

vt oo
o s |
Vel 001
Wald test, Ho:Var(Ry s(=0)=Var(R,|j:1) ‘ [‘(7):3?);;]

Note:  Seo note to table 3 where ‘f” now relates to the varian¢e formulae fier_ived
above. Standard errors in parentheses and critical significance levels in

square brackets.

The estimated unconditional standard error of annual returns is 15.7% which should be
compared to the sample standard error of 16.4%.12 State 0 standard deviation is 7.5% whereas
state 1 standard deviation is 20.6%. The hypothesis that conditional variances are equal is
strongly rejected with a critical significance level of less than 1 per cent.'> Hence, volatility is

lower in state 0 than in state 1.

Finally, a Wald test rejects the joint hypothesis that both means and variances are equal across

states (the critical significance level is 0.0013).

12 prom 1923 to 1996 excluding 1972 and 1983.

13 A Likelihood Ratio test of the hypothesis has a critical significance level of 0.1193 leading to
acceptance of H,. However, the test is not easily interpretable, cf. footnote 9.
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4. Serial Correlation: for Me ion !

The question of whether stock prices are mean-reverting has received a lot of attention since
the papers by Fama and French (1988) and Poterba and Summers (1988). A number of studies
have produced evidence of mean reversion using variance-ratio and autoregression tests, see
Risager (1998) for an analysi?s of the Danish return data. In this section, we provide eviﬂen%:e
based on an alternative tes’rt’ iﬁ'ocedure which has the important feature that it explicitly ill lows

for regime-shifts in the return process.

We choose to focus attention on first order serial correlation. Specification tests in table 2 and
Appendix B show no sign of autocorrelation in the error term, so any higher order serial
correlation is due to first order serial correlation. We calculate the analytical first order serial
cortelations of the two-state Matkov switching model, see appendix E. Then we obtain Epoiilu
estimates and standard etrors: o
i

Table 5. Unconditional and conditional first exder serial correlation

Corr(R,R,,) -0.1993
: (0.1104)
Cort(R,R,.i|s=0) 0.0297
(0.2482) .
1 Corr(R,R,,|s=1) ) -0.3340 [
(0.1214) i
Wald test, Hy: Cort(R,R,.)=0 3.2567
[0.0711]
Wald test, Hy: Corr(R,R,.|s=0)=0 0.0143
[0.9048) ,
Wald test, Hy: Cort(R,R,,|s=1)=0 7.5669 i
[0.0059] ;

Note:  See note to table 3 where ‘f* relates to the serial correlation formulae i
displayed in Appendix E.

i
Our estimate of first order serial correlation across regimes is -0.2 which is signiﬁcantliji less

than zero at 10% significance level but cannot be rejected to be zero at the 5% level. Helpce,

there is weak evidence of mean reversion in nominal stock returns which is consistent with
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findings of others.”

Interestingly, the same hypothesis has a critical significance Jevel of 0.0042 in a standard one-
regime AR 1-specification with dummies for 1972 and 3983 and using OLS standard errors
which leads to clear acceptance of mean reversion.'* Hence, allowing for multiple regimes
results in much less support for mean reversion than the standard AR;-regression introduced by
Fama and French (1988). This finding is consistent with the results of Kim and Nelson (1998)
who also conclude that accounting for the observed pattern of heteroskedasticity stemming
from regime-switching volatility of returns weakens the evidence of mean reversion according

N

to autoregression tests.! 1

Thus, it is important to take account of heteroskedasticity when mak&ng inference about mean
reversion, in ﬁarticular, since the critical significance levels are close to the conventional
significance level even small changes may have lgi%e qualitativé imi)ortance for conclusions.
Although OLS gives consistent estimates of coefficients, a procedur¢ which allf)ws for
heteroskedasticity (of the correct form) leads to more efficient inference. Moreover, usual
OLS estimates of variances incl/uding coefficient standard errors are biased. Heteroskedastici-'
ty consistent standard errors (such as White) improve inference asymptotically, but may have
problems in small samples. For example, in our case, using White standard errors only

increases the critical signiﬁcancé level to 0.0064, whereas we found a critical significance

level of around 7%.

Our regime-switching model includes the standard one-regime model as a special case, and,
hence, is more genefal. Therefore, we have more confidence in results of the regime-switching

model. We interpret the conflicting inference as evidence of weaknesses of the standard

4 Risager (1998) finds slightly more support for mean reversion in real than in nominal returns -
which indicates that the critical significance level would be slightly less than 7.11% if our analysis were applied

to real returns,
15 The estiméted coefficient to lagged returns is -0.235 with a t-statistic of -2.957, These results are
similar to the findings in Nielsen and Risager (1999) and Risager (1998).

16 A similar conclusion has been found for the variance ratio test by Kim, Nelson and Startz (1998).
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approach.

Our analysis highlights two important points. First, in the presence of multiple persistent
regimes which have the feature that some but not all regimes exhibit mean reversion, it is
nnportant to have observatlons from each regime in order to draw correct inference, In the
case of nominal Danish stock returns it is particularly important to have enough observations
after the beginning of the 80s to be able to detect two regimes. This patallels the socalled peso
problem encountered in the exchange rate literatute, see e.g. Evans (1996), ie., in order to
identify a process with rare, discrete events, a large sample is needed.!” Second, there are two
sources to negative serial correlation if the tfue return generating process is regime-switfching.
First of all, a negative autoregressive term creates mean reversion as in the usual one-stelxte AR
case. But, even if the autoregressive term is zeto in both states serial correlation may be
different from zero just because the process shifts between states (assuming these have

different means).

Within our framework, we are able to distinguish serial correlation of the two siates. As table
5 shows, our estimate of setial correlation is only negative in state 1. In fact, only in state 1 is
setial correlation significantly different from zero. Hence, we conclude that the weak evidence
of mean reversion presented in table 5 is (mainly) a result of serial correlation in the high
return-high volatility state which has dominated the most recent decades. This is in c'om:rast to
results for the US which indicate that mean reversion was stronger before World War ll! than

after, see Kim, Nelson and Startz (1991) and Kim and Nelson (1998).

The evidence of mean reversion parallels the findings in Risager (1998). Using standar
autoregressive and variance ratio tests, he finds weak support of the mean reversion hypothe-
sis. Furthermore, the paper suggests splitting the sample into subsamples. This analys:sl
indicates that mean reversion has been stronger in the most recent part of the sample, 1hat is,
since the 1970s. This conclusion is consistent with the results of the regime-switching nllodel

in the present paper., {

17 We conjecture that since out mode! is constructed to identify regime-shifts, it will stand a better
chance of solving peso problems and lead to more teliable inference on mean reversion in small samples:
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Given the strong presence of mean reversion in recent years, what sl;lould we expect for the
future? This basically depends on whether one believes that the currént regime is absorbing or
not. From a purely statistical point of view, there is a probability of returning to the no-measn-
reversion state which implies that unconditional serial correlation is the right measure, thus
suggesting only weak evidence for mean reversion, Frgm an economic point of view, ;
however, it is essential to focus on the underlying factors which cau:ée regime changes and, in
particular, to analyze whether all the variables causing the most recont regime-shift are
reversible. It is perhaps not likely that the liberalizations, which we argue led to the latest
transition to high volatility, will be reversed within a foreseeable fufureA However, other
factors, such as a decrease of US stock market volatility, may be able to cause a return to low
volatility. In other words, we use capital market liberalizations as oﬁe (of several) component
to explain the latest transition to high volatility but do not view delii;Jeralizalion as necessary
for a return to the low volatility regime. Hence, economic considerations have ambigous -

implications for the question of mean reversion. .
-

5 0 ion

We have estimated a we]l-speaﬁed two-state iegime-switching model for Danish stock
returns. The model identifies two regimes which have low return-low volatility and high
return-high volatility, respectively. The low retutn-low volatility regime dominated, except in
a few, short episodes, until the béginning of the 70s whereas the 80s and 90s have been

characterized by high return and high volatility.

We propose an alternative test of mean reversion which allows for multiple regimes with
potentially different constant and autoregressive terms and different volatility. Using this test
procedure we find mean reversion at 10% but not at 5% significance level. This is weaker
evidence than produced by the standard method of testing for significance of the AR-term ina
one-regime autoregressive model. Furthermore, when analyzing contributions of the two
regimes we find that the indication of mean reversion is due to the recent high return-high

volatility regime only.

The regime-switching model has also been applied by Kim and Nelson (1998) and Kim,
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Nelson and Startz (1998) on stock returns using US data. Our approach differs by allovs):ing for

an autoregressive term and by incorporating regime-shifts in the mean. Both features ate

shown to be relevant for Danish data.
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Parameter estimates

o 0.0781 © Pot 0.9703
(0.0167) (0.0228)
i 0.1614 Por 0.0000
(0.0493). 1
" 0.8923 Po2 0.0297
(0.0021)
o -0.0888 Pio 0.0000
¢ (0.1163) i
b, -0.2616 Pu 0.9328
(0.1234) (0.0495)
&, 1.5922 P 0.0672
0.0127) 4 :
a? 0.0091 P 0.2741
» (0.0019) ;
o 0.0440 Pa 0.7259
(0.0130) ‘
o} 0.0000 Pn 0.0000
(0.0000)

Note: Standard errors in parentheses estimated by second detivatives o.f log likelihood.
Onmitted standard errors cannot be calculated due to corner solutions.

Filtered probabilities for state 0
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The outlier state has filtered probabilities close to 1 in 1923, 1972 and 1983 and zero

otherwise,

All point estimates of the three-state model are within one standard deviation of the two-state
duminy model estimates, Thi,main difference is that the regimes are estimated to be more
persistent in the tllree-staté fﬁodel. This has the implication that inference about the state and
the timing of regime shifts is much clearer than in the two-state model. Another difference
between the models is that the three-state model assigns some probability to the event that s,

returns to the outlier state.

Diagnostic tests of standardized residuals:'®

<

Test statistic Critical significance l;evel
AR(1) ' 0.0000 09967
ARQ) ! 3.2539 0.0445 *
AR(3) 2,1393 0.1030
AR4) 1.853 0.1286
AR(5) ‘ ‘ 15575 0.1839
AR(6) 1.5812 , 0.1663
AR(7) 1.3459 02433 |
AR(®) . 1.2564 02818 |
ARCH(1) 0.0661 0.7978
Notmality 0.9729 06148 |

18 Standardized residuals are caleulated as in Appendix B except for the extra state.
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Appendix B: Analysi rdized Residuals o 0~ 1 ¢ Dum o
Standardized residuals are calculated as the difference between actual and fitted return divided
by conditional standard deviation, ie., the square root of (detived in Nielsen and Olesen, .

1999):

Var(R|Q,.) = P(s,=0|Q)05+P(s,=1|Q)0]+ 5
P(s,~01Q)P(s,=1 |Q)ER,HQ,_,.5,0D -ER){Q, =1

where Q, contains information about current and past stock returns, Fitted returns are:

5 o !
R, = P(s,=0|Q)(n, + p32d7z + p,, d83, + (R, P
P(s,=1|Q)(0, + pid72, + pyds8s, + O\R, 1)
which is conditioned on information on past stock(j%tums and uses filtered probabiliﬁes for
each state (that is, probabilities conditioned on Qy which includes all available stock returns of

the sample), The standardized residuals are estimates of €, in (1),

The standardized residuals have been tested for autocorrelation from lag 1 to 8, ARCH and

normality:
Test statistic Critical significance level
AR(D) 0.0390 ' 0.8440
AR(2) 1.5828 0.2126
AR(3) 12332 0.3042
AR(#) ‘ 0.9278 0.4530
AR(S) 0.8111 0.5458
AR(6) : 0.7359 0.6225
AR(7) 0.6219 0.7360
AR(8) 0.6334 0.7468
ARCH(I) 1.6207 0.2071
Normality 0.4076 0.8156
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The following plot confirms that the standardized residuals are well-behaved:

Standardized Residuals

———
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endix C: Derivation of (5 ‘ f

ER,_|s,=1)=[R,_/R,_, Js,=1)dR,_,

1 .
=IR:—1]§j(R"l’S1-l =j|S,=1)dR,_I *

|
|

IR LA 8 PG T DR
[, ARl PG A,
:ng,-ﬂRc-l s, 3NPGs,y =j‘|s,'= DdR,,
:)é;P(s,_l =5, =DfR,_JR, |5, 1R,

1
=Z_'E'P(s,_l =8, =DER,_|5,.,%)

J= ! :
=P(s,.,=0)s,~DE(R,_,|s,.,=0) +P(s,_ =0|s,=1E(R,_|5,,=0)

£

4
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Appendix D: _Solutions for E(RZ|s=i)

2.4 a2 2
: E(R?|5,=0) = cD + ¢o(1.q)[(12(])0q)E + ¢%pD]
- | a-giae
A-$2)E + d}pD

2
ER/|s=1) = —

where
2
C = 1-4fg-dydip(1 -9)-di(1 -p) +ddi(1 -p)g.
2
D = pie2p b ER,. |s,=0)+0;
2
< E = "f+2p'1¢1E(Rg-1’sg:1)+ol
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Appendix E: _ Serial Correlation : ‘
I
Unconditional first order serial correlation is defined as (assuming covatiance stationarity):

Covar(Rl,RH)
Corr(R,R, ) = ——————
- VarR)

Thus, we need: ‘

B(RR,p) = To@Iigo®oE R, |s,70) +1, b B R |s, =00+
A=k Bo®ER, s, =11t DER |5, =DD*
T, @IRg 1 Do BR,  |5,=0) +it, B, E(R [5,~0)1 ¥
QA -p)ndp,d ER,_ s, =1+, G ER s, =)D+
(Tog byt T PPN DER R, ,|5,=0)+0)* |
(1 -0+, (1 -PID YD ER R,y |3,=1)+0))

i
Hence, we must solve -

E(RR,.|s,70) = A DB R, 15, 0) oDy ECR I5,~0) +HLERR, |3, 0)+y0p) +
. 2
(=)ot oD ER, 5,71+ OER |, =)+ Qb ER R,y |5,-1)+be0)

and a similar expression for E(RR,,|s~1). The solutions are:

CF + (1-9)b, b, [(1-o)G + pbydF]
a-¢sC

PG + po b, F
C i)

1

E(R{R‘_I‘SfO)
ERR,, lst=1) =

where

F o= qut (g, DB, |5, 20 +(1 - b ER, 15,21 +qm boE R |5,=0)
(1-g)1 BoECR,|5,21) +q by 05 +(1 =) b0}

G = pigpy H1 P 4D BB (R, |3,~0) (LI O EQR, 1|5, 1) +PH b B(R 5,700+
(1-p), b ER,Js,=1) ph,05 +(1-p),0}
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Inserting these solutions and the results from the previous sections above gives E(R.R,. ,).;

Subtract E(R,) to obtain Covar(R, R,.). Similarly for state dependent covariances.
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Modeling the Dividend-Price Ratio:

The Role of Fundamentals Using
a Regime-Switching Approach
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Modelmg the Dividend-Price Ratio:
The Role of Fundamentals Usmg a Regime-Switching Approach

by

Steen Nielsen & Jan Overgaard Olesen

Department of Economics and EPRU
Copenhagen Business School i
Denmark , ;

Abstract . i i

Using annual data over the post-World War I-period, we estimate a fundamentals-based

empirical model for the dividend-price ratio of Danish stocks. The key fundamentals-variable

is a time-varying discount rate, decomposed into time-varying measures for the growthi

adjusted real interest rate and the risk premium on stocks. In addition, the model mclzm"es I
real dividends and the lagged dividend-price ratio as explanatory variables. Results show - 1
that the model suffers from structural breaks over the sample. Using a two-state regime-
switching approach to capture non-modeled shifts in the economic environment, we find that

all fundamentals are highly significant in at least one regine and, moreover, obtain a good
fit. The model identifies two very persistent regimes characterized by a ‘low’, respectivély,

‘high’ dividend-price ratio.

"
i

* We are grateful for comments by participants at the Arne Ryde Workshop in Financial Economics, Lund
University, October 1999. In particular, we want to thank Ole Risager. The Economic Policy Research Unit
(EPRU) is financed by a grant from the Danish National Research Foundation,
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1. Introduction

i
|
|

In empirical finance the dividend-price ratio, defined as the ratio between a given periods
dividend payments per share and the end-of-period stock ptice per share, is often - explicitly
or implicitly - used as an indicator of whether stock prxces are (too) high or (too) low. For
instance, Campbell and Shiller (1998) report a very gloomy prediction for the US stock
market based on the fact that the dividend-price ratio has fallen far below its historical mean,
suggesting an overvalued stock market. Fama and French (1988) anq Hodrick (1992) are
other examples of the numerous studies that use dividend-price to forecast future stock

veturns, see also the survey in Campbell ef al. (1997, Chp. 7).

However, according to standard finance theory one should expect time variation in the

. dividend-price ratio as a result of changes in the underlying economic fundamentals, in
particular changes in the (ex ante) real interest rate and the risk premlum on stocks relative to
bonds. Hencs, it is crucial to consider the economxc ¢ fundamentals when usmg the dividend-
price ratio to judge whether stocks are fairly valued or not. For this purpose we need an
economic model for dividend-price. This is the topic of the present paper. Motivated by a
Gordon growth type model which is modified to incorporate a time-varying discount rate, w
formulate an empirical model using a real intetest rate proxy, a proxy for the risk premium
and the level of real dividend payments as explanatory vatiables. The real interest rate and
risk premium proxies together capture the effects from the time-varying discount rate while
the inclusion of real dividends allows for the possibility that innovations in dividends are
reflected less than proportionately in stock prices. We also include lagged dividend-price in

the model to allow for slow adjustment in the dividend-price ratio to long-run equilibrium,

The economic model is estimated for the aggregate Danish stock market, using annual
observations for the period 1927-1996. All variables turn out to be s1gmﬁcant with the right
signs and a reasonably good fit is obtained. However, the model suffers from structural
breaks as the coefficients to the explanatory variables are highly unstable, This suggests that
we have omitted an important (or several important) fundamental variable(s). In the Danish

case, a possible explanation for a structural break is a change in investor taxation as of 1983,

Modeling the Dividend-Price Ratio . ' 159

'

i.e., the introduction of a separate pension ﬁmd tax on bond investments, affecting the !
relative profitability of stock investments (cf. below). Modifying the economic frameworfk in
order to take account of the omitted variable is obviously the ideal solution in such a
situation. However, in practice this may not always be realistic or even possible because the
omitted variable may be difficult (or impossible) to identify and, subsequently, quantify.
When modeling the effects of 'ilh\}eﬁstor taxes in a heterogeneous tax system as the Danish;
where tax rates differ significantly across investor groups, it is essential to correctly ideniify,;
at every single point of time, the fmarginal investor’, defined as the stock investor who has a
reservation price or willingness-to-pay for stocks which at the margin is equal to the
prevailing stock price. However, the ‘marginal investor” is unobservable and, hence, the ;
inclusion of investor taxes in the model is a difficult task. In the case of the new pension fund
tax, matters are, moreover, complicated by the gradual implementation of the tax.

In this paper, we take a short-cut by estimating the economic model using the two-state '
regime-switching approach of Hamilton (1990). We consider this approach to'be a practi%:al |
tool of incorbbrating and indirectly modeling the omitted factor(s) which give'rise to the ! |
structural breaks that we encounter in the one-regime specification, without having to
explicitly model those factors, The regime-switching approach is based on the assumption
that the economic model differs across (a finite number of) distinct regimes, whose timing is.
governed by an exogenous, discrete and latent state-variable. This means that the type of ;
omitted factors which we can capture by this approach are the more persistent factors thait

relate to the ‘economic environment’ of the model and that result in the outcome of distinct

regimes over time with distinct economic models. Such factors often relate to the institutional

or policy framework of the economy, leading to distinct policy or institutional regimes oyer
time, and are typically also the factors that are difficult to model. We find in our case th:ii the
reginngs identified by the regime-switching approach are highly persistent which is consistent
with the interpretation that the omitted factor(s) represents changes in the economic l
environment rather than being an additional temporary explanatory variable, In partlculanf we

conjecture that the identified regimes may be given the interpretation of different tax pohcy

reglmesA
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Beyond providing a practical modeling too!,\ we also consider the anaj\lysis based on the
regime-switching approach to be a useful step in identifying the poss‘:ible omitted factor(s)
because the resulté provide valuable insight regarding the timing of regime-shifts, with(.)ut
being conditioned on apriori information. Hence, the regime-switching model lets the data
determine if and when regime shifts occur, This information can consequently be used to

identify candidates for omitted factors by examining relevant institutional or policy changes
!

around these dates of regime-shifts.

The regime-switching approach of Hamilton (1990) has previously been used in the empirical -
literaﬁnré to model asset pricing in situations where the pricing process changes over time,

e;g. due to shifts in the process governing economic fundamentals (for instance as a result of
policy regime shifts), shifts in the predominance of different investo?~ types over time or
changes in the institutional set up or taxation rules of relevance for the stock market, The
imporiance of regime-shifts in the pricing process !},as recently been émphasized for the US
stock market by Driffill and Sola (1998) who mofivate shifts in the l?ricing process with
regime-shifis in the underlying process for dividends, cf. the discussion at the'end of this
paper. The possible influence of different investor types with differe‘nt investment rules has
been examined for the currency market by Vigfusson (1996), who assumes that the market on-
a high-frequency (daily) basis shifts between being driven by chartists and fundamentalists.

In the context of the stock market, a potential motivation for time differences in investment
and, hence, pricing rules could be that the market misprices stocks in high-inflation regimes
by using nominal rather than real interest rates, whereas investors may price stocks more
correctly in low-inflation regimes, cf. Modigliani and Cohn (1979), who argue that US stocks .
were mispriced (undervalued) in the high-inflation regime of the 1970s, In such a setting we
should apriori expect the regimes identified by the regime-switching approach to be identical
to different inflationary regimes. In this paper, we do not attempt at formally explaining the
regime shifts but the working hypothesis motivating the use of the regime-switching -
approach is that the regime shifts are related to (persistent) changes in the ‘economic
environment’, leading to (persistent) shifts in the economic model linking dividend-price to
the economic fundamentals. We conjecture that changes in investor taxation is a prime

candidate but institutional changes or changes in the processes for the economic

L
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fundamentals leading to changes in expectations formation and hence the economic model | !
may do as well'. In any case, a closer examination of the causes undetlying the regime shifis

would be interesting but this is left for future work.

Results from estimating the regime-switching model show that all the fundamentals variables
including the real interest raté%uh?i the risk premium are highly significant in at least one;
tregime. Hence, we have succeeded in modeling a time-varying discount rate, here
decomposed into a time-varying real interest rate and a time-varying risk premium, which is
empirically significant in explaining the dividend-price ratio. This is an innovation compared
to the existing empirical literature where the discount rate is either assumed to be fixed or not
quantified directly (no closed-form measure) when modeling the behavior of the dividend- :
price ratio or, more generally, stock prices, ¢f. e.g. Driffill and Sola (1998), Frootand |
Obstfeld (1991) and Campbell et al. (1997, Chp. 7). Our model is not petfect in terms of:
misspecification tests but passes at a 5% significance level, is stable over time and provides a
rather good fit to dividend-price. Moreover, results show that two regimes are both necesisary
and sufficient to remove the structural breaks from the underlying economic model. The!
model clearly identifies 3 distinct subpetiods over which the regimes reign (1927-1 949,1?950.-
1985 and 1986-1991), thereby providing valuable insight which can be used in inferring fhe

possible causes of the two regimes.

The outline of the paper is as follows, In section 2, we formulate an operational empirica;l
model, based on a simple and ad hoc theoretical framework which is derived from the i
standard Gordon growth model by allowing for a time-varying discount rate, The data is
reviewed in section 3. In'section 4 we, first, estimate the economic model under the

assumption that only one regime applies, i.e., assuming that the model is stable over the
entire sample. In section 5, we estimate the regime-switching model allowing for two disfinct

regimes. Section 6 finally concludes the paper.

! To illustrate, consider a change in the pracess for the real interest rate leading to increased short-run
volatility. This may imply that investors put less emphasis on the current level of the real interest rate whef
forming expectations about the future long-run, average real interest rate, which is the relevant measure for the
pricing of stocks. The implication is a change in the economic model with a smaller coefficient to the current
real interest rate, !
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2. _ The Empirical Model _ ‘

In formulating the empirical model, we take as a starting point the textbook Gordon growth

model for the price of a stock with a constant discount rate and constant expected dividend-
growth, see Gordon ‘(‘1962) or Campbell et al. (1997). We modify Gordon's model in a rather
simple way to allow for time variation in the discount rate, reflecting time variation in both
the real interest rate and the risk premium on stocks. The resulting the;,oretical framework is 7
ad hoc but allows us to formulate an operational empirical model with specific candidates for
economic variables that may explain dividend-price. The theoretical model can, basicaily, be
interpreted as an assumption that market participants at each point in ‘time price stocks
according to the constant—discount—rate-and-constant-dividend-growtﬁ Gordon model, i.e., as
if the discount rate and dividend-growth were in fact constant, while l;lsing the prevailing
levels for nominal bond returns, expected nominal dividend growth and the risk premium on

i

stocks as determinants®. |
|

s i '
Thus, let the equilibrium in stock and bond markets at each point in time t be described by a

no-arbitrage relation stating that the expected (nominal) return on stocks E,[St;l] from time t

v

to t+1 should be equal to the corresponding (nominal) retutn on bonds B, augmented by a risk

premium ¥, on stocks relative to bonds:

(1) E’[&+I]= BI+'Yl

We take B, to be the yield-to-maturity on a (one-period) bond so that it is predetermined and

known as of time t.

The return on stocks is given as the sum of capital gains and dividend yield:

% Campbell and Shiller (1988) have generalized Gordon’s growth model to take account of a stochastic, time-
varying discount rate, the so-called “dynamic Gordon growth model”. However, their model is (at least in its
general version) not as operational as the one we formulate. In particular, the Campbell and Shiller (1988)
model does not entail a closed-form expression for the time-varying discount rate. Our assumptions on
expectations formation, basically, imply that stocks can be priced within the original Gordon model despite the
fact that the discount rate (and dividend growth) vary over time.
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where P, is the ex dividend price per share as of time t (i.e., at the beginning of period t~i—1)

and D, is the dividend payment per share paid during period t+1.
)

Even though B, and ¥, are allowed to vary stochastically over time, we shall assume that
market participants only form point expectations wrt. future bond returns and risk premia,
i.e., “Certainty Equivalence” is assumed to apply. Moreover, we assume that market '
participants expect bond returns and risk premia to be constant over time, so that any
innovations in the two variables are expected to be permanent. These assumptions - whilei

clearly restrictive in a theoretical setting - allow us to set up an empirically tractable model.

Thus, under the additional Gordon assumption of constant expected dividend growth, (1) éan :

be solved by forward recursion to give the following no-bubble solution for the dividend- :

price ratio (assuming that Rc+y>0):

R+y,
1+ G,

3) = ~R +y, , where R =B -G,

o[

G, is the expected nominal growth in dividends per share as of time t. G, is also allowed to
vary over time. According to (3), the dividend-price ratio is in equilibrium equal to the sum
of the (ex ante) growth-adjusted real interest rate R=B-G, and the risk premium on stocks: Yy
(3) resembles the solution of the standard Gordon growth model with the main difference I
being the allowed variation in the real interest rate and the tisk premium and, hence, the

discount rate (the sum of the two). '

I
l
Based on (3), we set up the empirical model: i
' /
]

D,
@ - =Bo+ Bk +5271+ﬁ3DR1+B4P—H‘+Sr

-1

=i




. 164
Chapter 5 . I

. ; ¢
where ¢, is the residual of the equation. We have augmented the model kby including the
lagged dividend-price ratio (D/P),., and the log-level of real dividends per share DR, as
additional candidate explanatory variables, The introductiox of the former allows for slow or
partial adjustment in the dividend-price ratio so that (3) (ot rather the long-run solutron to
(4)) is basically thought of as a model for the long run, prov1d1ng us with an equilibriom
relation to which dividend-price adjusts in the long run. The lntroducuon of DR, allows for
the possibility that real stock prices may react more or less than proportional to innovations
in real dividend payments. According o (3), the relation between real stock prices and real
dividends should be proportional as the dividend-price ratio is unaffected by innovations in
dividends. The reason is that market participants expect any innovatiorl in current dividends
to be permanent under the Gordon constant-dividend-growth setting. However this may not -
be the case empirically. Froot and Obstfeld (1991) and Driffill and Sola (1998) also include
real dividends in their models for the price-dividend ratio (the mverse:of the dividend-price)
in order to capture the possibility of “intrinsic bubbl %" in stock prices, i.e., rational bubbles
that depend on fundamental variables. As standard in empmcal analysis, we allow for a
constant term in (4), even though not strictly implied by the theoreticdl model. Hence, we

intend to explain the variations in rather than the actual levels of the 41v1dend-pr1ce ratio’.

The challenge facing (4) is the fact that the real interest rate R, and the risk premium ¥y, at

unobservable. We, therefore, have to use suitable proxies for these two variables.

The Data

The data are depicted in Figures 1-4. The source database is Nielsen, Olesen and Risager

(1999) which comprises data for the Danish stock and bond markets. Stock market data relate
to the aggregate market level of all Danish firms listed at the Copenhagen Stock Exchange.
The market index by Statistics Denmark is used for stock prices while dividend payments are
estimated from a large sample of firms, cf. Nielsen, Olesen and Risager (1999) for further

details. Bond data relate to the markets for government bonds. All observations are annual.

3 Note that according to the constant-discount-rate Gordon model, all rogressors in(4) shogld ::nl;::ﬁmﬁ“’
implying that the dividend-price ratio would, basically, follow a white noise proce:sbarloun 2 o e
However, the latter assumption is clearly violated by the data on dividend-price, cf. be ow,;rld e
systematic deviations in the ratio from its mean. It is these systematic deviations fhat we inl .
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The empirical analysis in the following sections uses the sample period 1927-1991 whichis |

the longest available sample for all variables.

< Insert Figures 1-4 around here >

Figure 1 shows the dividend-priée ;atio over the period 1927-1996. The plot suggests a
cyclical component in the ratio with large and often persistent deviations from its sample
mean, in particular, in the first half of the period, For instance, stock prices seem to have
been persistently low compared to dividends in the first half of the 1950s while stock prices
were high during World War I1. In reiative terms, the ratio is often subject to large year-by-
year changes where in particular the drop in the ratio from 5.2% in 1982 to 1.8% in 1983 (a
decrease of 65% in relative terms) attracts attention. This fall which is a result of capital
gains on stocks of 114% that year coincides with at least two important events in the Danish
economy. First of all, there was a major shift in economic policy as a new conservative-
liberal government came into office in September 1982, emphasizing tight economic policies 5
including a fixed exchange rate policy. Second, a new tax was introduced on the returns on
pensions funds’ bond holdings while the returns on stocks were exempted from taxation®,
This ceteris paribus gave pension funds an incentive to invest more in stocks and less in
bonds, We can also observe that the dividend-price ratio has been at a historically low level
since 1983, The post-1983 average is 1.7% which compares to an average of 5.1% over the
yeats before 1983. This persistent low level is a key issue in understanding the mechanisms
which determine the dividend-price ratio and it is, in particular, of interest to know whethe:r it
can be explained by economic fundamentals or whether it marks a new regime compated o

the pre-1983 history.

The proxy used for the latent growth-adjusted real interest rate R, is plotted in Figure 2. Thfe
real interest rate as of time t is constructed as the 5-year yield-to-maturity on government '
bonds at time t minus the realized growth in nominal dividends over the corresponding 5- ,i

year period following time t. The proxy is an ex post (or perfect foresight) growth-adjusted
|

* This tax was passed by the Parliament in 1983 and took effect as of Jan 1 1984, Because pension savings
before 1984 were exempted from taxation, the tax was phased in gradually.
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0 ;
real interest rate where the use of growth in nominal dividenids to take ;‘account of inflation

and real growth is consistent with the theoretical framework:of sectionz 2. Because of the
forward-looking nature of the proxy, we loose 5 observations towards the end of the pe'riod

so that the sample effectively ends in 1991°,

\

1t is evident from Figure 2 that the real interest rate proxy is‘highly volatile. The fluctuations
ate mainly driven by the variation in the dividend growth part of the pfroxy, as the S-year
nominal bond return is much more stable on a year-by-year basis. Forjinstance, the low levels
of the real interest rate in the 1940s is due to high future dividend growth which is not
accompanied by high nominal bond returns. Due to a non-ctedible stance of economic policy
(amongst other things), the Danish economy experienced very high n?minal and real interest -
rates towards the end of the 1970s and in the beginning of the 1980s. Nominal interest rates
declined following the new policy regime as of late 1982, but nomina;l dividend growth

declined likewise, sustaining the high real interest rate level until the ?nd of the 1980s.

&

To construct a proxy for the risk premium on stocks ¥, we draw on dlesen and Risager
(1999) who test whether the Danish premium on stocks, defined as th;e excess of stock returns
over bond returns, can be predicted from a set of possible predictor vatiables such as the
dividend price ratio, dividend yield, bond returns, lagged equity premia etc. They conclude
that the 5-year premium on stocks is predictable from the dividend yield, the 5-year bond
return and past 1-year equity premia, see Olesen and Risager (1 999) for details. This
predicted or fitted 5 year premium can in an efficient markets framework be interpreted as an
estimate of the risk premium on stocks relative to bonds. However, Olesen and Risager
(1999) use the dividend yield as a predictor, and the dividend yield comes close to the

dividend-price ratio variable. In terms of (4), one could therefore possibly argue that when

using the fitted premium in Olesen and Risager (1999) as the risk premium proxy v, we

3 Data for bond yields are available for the 1-, 5- and 10-year maturities, cf. Njelsen, Olesen and 1‘1"1sagleirmerest
(1999). In choosing between these horizons, we excluded the latter because using a 10-yearle,:{ p(;)ihrel- nte
rate would imply a loss of more observations towards the end of the sample p‘en?d.,We exclude ] le. ! o .
horizon because the resulting 1-year real interest rate turned out to be_ a very ‘noisy’ measure with n}tge )ll

year variability and no explanatory power wit. the dividend:p.rice ratio, Intl.utlvely,. the 1-year matutity also
appears to be too short in order to be of relevance for the pricing of stocks in practice.

. | "'II;"
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would basically explain the dividend-price ratio by a variable that comes close the ratio itsel'f,
the dividend yield. o

In order to be immune to this critique, we have therefore (re-)éstimated a predictor model

excluding the dividend yield and the dividend-price ratio as potential predictor variables,
i

Following the approach of Olésen and Risager (1999), the resulting model is (standard etrors

of coefficient estimates in parentheses)®:

0727)  (0.023)

) PRS, = 2.804- 0.113 PR1,_, - 0106* PRI,_, —0.093* PRI, ,
(0.037) (0.030)

PRI, and PRS5, are the equity premia, calculated as the simple difference between stock and i

< |

bond returns, over the 1-year, respectively, 5-year holding period starting at time t. P]%S‘E is
the 5-year premium predicted or fitted from the model. According to (5), the premium on
stoclgs over the next 5-year period can be predicted from the preceding three years® (known)
realizations of 1-year equity premia. The coefficients are negative which suggests a L

significant mean-reverting component in stock prices. We use (5) as the proxy for the risk

premivm, ie., v,= PIAQS, ”. Notice that from (1), the risk premium 7, should be equal to the
predicted premium on stocks so our proxy is consistent with the theoretical framework, -
7, is plotted in Figure 3. The risk premium proxy is also highly volatile, in patticular, towards
the end of the sample. The latge drop in the risk premium in the beginning of the 1980s |
partially coincides with the shift in the economic policy regime, cf. above. The large negeitive

risk premia in the years 1983-1985 may possibly (to some extent) be explained by the |

¢ (5) is estimated according to a ‘general-to-specific’ procedure by, first, estimating a full model where the 5-
year premium is regressed on all candidate predictor variables (bond returns, term structure components, past 1
year equity premia) and, subsequently, removing all insignificant predictors successively, using a 5% i
significance level. (5) is the resulting parsimonious model. All parameters are estimated by OLS while Neyyey~
West standard errors which are consistent to heteroskedasticity and serial correlation in the disturbance terri (up
to lag 5) are used for standard errors of the coefficient estimates. The sample is the available period 1927-1992,
using overlapping observations. (5) explains 36% (=R) of the variation in the actual S-year equity premium.,
The residual has a standard deviation of 4.5%. Notice that we differ from Olesen and Risager (1999) by using
absolute rather than logarithmic returns. .

" The predictions of (5) come close to those reported in Olesen and Risager (1999), in particular, as regards the
significant movements and turning points in the S-year equity premium,
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introduction of the new pension fund tax on bond returns as we ceteris paribus should expect
pension funds to demand a smaller before-tax ‘risk’ premium on stock;ls relative to bonds
under the new tax regime. To see this, note that with the penision fund tax the no-arbitrage

relation between stock and bond returns is modified from (1) to:

) : EI[SIH]:(I_T)BI +Y: j‘
. |
|

where we have assumed that a pension fund is the (representative) matginal investor. T isthe

pension fund tax on bond returns, (1-1)By is the after-tax bond return and 'y,* denotes the
(‘pure”) risk premium on stocks. From (1°), the before-tax premium orjl stocks ¥, i.e., the
expected before-tax excess return on stocks v,=E(Sy1)-By, is related tdj) the after-tax premium
'y; by v,= -'cBﬁy.'. Thus, the introduction of the pension fund tax cetc%,ris paribus lowers the
before-tax premium. For sufficiently high bond returns B, - and bond retutns were still high

in the years 1983-1985 - we may even expect a negafive before-tax premium.

Notice that we could, in principle, have constructed a proxy for the ‘ppre’ risk premium y,* if
we had known the relevant tax rate 1 for each year in the sample. Ho»\;/ever, constructing a
data series for 1 is impeded both by interim arrangements for the pen§i011 fund tax and by the
fact that we need to know the relevant but latent ‘marginal investor’ (which we do not).

89
These complications motivate our use of the ‘before-tax’ proxy v, = -

§ We proceed by cailing v, a ‘risk premium’ even though this is not entirely adgquate in ﬂ?e presence of the
pension fund tax, Thus, with the tax, ¥, captures both the ‘true’ risk premium v, and the distortionary tax effect

~1B,. ) )
% We can also introduce taxes in the theoretical framework of section 2. Using (1

solution for the dividend-price ratio is:

D *
(3" 'FIN(I""‘)Bt_GJ""Yl:BI—GI'PYl

*} instead of (1), the with-tax

i * - . .
where the final equation follows from the relationship between v, and v, . (3") is actually identical to the

without-tax solution in (3). Thus, in terms of the theoretical framework, the introduction of the pension fund tax

does not matter, i.e., it does not change the solution (the structural equation) for dividend-price. The reason is
that we include the before-tax ‘risk premium’ y, which fully incorporates the stock price' effects of t}}e new tax.
Note, however, that the pension fund tax ceferis paribus lowers the level of di\{idend-pnce by lowering .y...
Moreover, it is crucial for the result that the real interest rate and the'tisk premium have the same quantitative

effects on dividend-price, Thus, allowing for taxes in the empirical model (4) (replacing R, and , with the after-

tax real interest rate (1-t)B,-G, and the ‘true’ risk premium y,', respectively, and rewriting) we get:
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Both the real interest tate proxy and the risk premium proxy are negative in some of the y:ears'
and the sum of the two proxies also turns out to be negative occasionally. The latter is
obviously not consistent with the theoretical framework of section 2 which requires the
discount rate Ri+y, to be strictly positive in order to result in a well-defined (finite) forward-
looking stock price solution. The estimation results to follow, however, suggest that market
participants - in contrast with- tl;éb;y - expect a significant degree of mean reversion in the
real interest rate and the risk premium so that negative values for the current real interest rate
and the current risk premium may apriori be perfectly valid because it is expected to be a
temporaty phenomenon. Moreover, in terms of the empirical model (4), what matters are the
variations in the real interest rate and the risk premium proxies over time (in which we may
have more confidence) rather than the actual levels. '

. |
Finally, Figure 4 illustrates the log-level of real dividend payments. Dividends show somé
turbulence in the beginning and towards the end of the sample but have otherwise shown a

steady declining trend.

4. _ Results Using a One-Regime Approach

Column 2 in Table 1 reports the results from estimating (4) over the entire sample 1927- !
1991, assuming that only one regime prevails. The estimation is performed by the Maximum
Likelihpod (ML) method under the assumption that the disturbance term of (4) is normal and
independent distributed over time with homoskedastic variance (g, ~ Nid(0,0‘z)). The ML |

coefficient estimates are identical to those obtained by Ordinary Least Squares (OLS).

D D

@ Fo=BotBiR By, +(B; - BB, +BDR, +B, v,
[ -1 |

The pension fund tax leaves the structural model unchanged iff the coefficients B, and 8, are identical, If the
coefficients differ, an additional explanatory variable tB,, capturing the tax distortion, is introduced into the'
model. As the results will show, cf. below, the latter is the relevant case empirically and we should apriori l
expect a regime-shift in the empirical model at the time of the introduction of the new tax (because the
additional variable is not included). Therefore, in a more general setting than (3), we can not be sure that the
structural model for dividend-price will be unaffected by the pension fund tax and, hence, the question of |
whether or not the model survives becomes an empirical issue, The empirical results suggest that the inclusion
of the pension fund tax in the risk premium construction vy, does not sufficiently account for the effects of this
tax on dividend-price, as we estimate a structural break in the model (a regime-shift) in the mid-1980s, ¢f.
section 5 below.
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<Table 1> ‘.
|
Using the ML standard errors, all coefficients are hi ghly significant. The real interest rcte and
the risk premium have the expected positive effects on the dividend-price ratio. The
magnitudes are, however, less than predicted by theory. "This applies both to the ‘short run
effects’ (coefficients of 0.0345 and 0.1444, respectively, cf. Table 1) and the ‘long run
effects’ (0.062 and 0.259, respectlvely) ‘whete the latter take account of the evident slow
adjustment in the dividend-price process, cf. below. According to the 'ﬁheoretlcal framework
of section 2, we should expect a coefficient of one for both variables but this value falls far
above the point estimates and the deviations are much larger than what the uncertainty of the
coefficient estimates allows for. When inspecting Figures 1 through 3, the result is not
surprising as the variation intervals for the real interest rate and the r1§k premium are much
larger than for the dividend-price ratio. This result suggests, tentatively, that market
participants do not expect innovations in the two vag},ables to be permanent, as assumed in
the theoretical framework, but that they expect some significant degrée of mean reversion in
the real interest rate and the risk premium so that current realizations ?f the variables receive
(relatively) less wei ght1 ! The mean reversion feature seen}é perfectly*ireasonable from the

time series behavior of the two variables, cf. Figures 2 and 3,

Real dividends also have a significant effect on dividend-price. The effect is positive,
implying that an increase in real dividends gives rise to a less than proportional increase in
real stock prices. This is, again, a deviation from theory and suggests that market participants

do not consider innovations in dividends to be permanent but expect some degree of mean

revetsion,

1 By dividing through by one minus the autoregressive coefficient 0.4433 in the model of Table 1, the long-
run equilibrium model for dividend-price becomes (ignoring the residual term):

Dy 48834+0062% R, +0259%y , +2308* DR,
P

1
" Of course, the result may also suggest that the proxies used for the real interest rate and the risk premium are

too volatile. However, the high significance of the proxies validates their use.
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Finally, the significance of lagged dividend-price indicates slow or partial adjustment in tfhe

H
i

dividend-price process to its long-run equilibrium.

Figure 5 illustrates the fit of the model. The one-regime model seems to work 1'easonabiy
well and is, in particular, able to track the significant fall in dividend-price in 1983. There
are, however, also episodes of systematlc under- or overvaluation of dividend-price, see for
instance the periods 1946-1956 and 1985-1991,

< Figure 5>

The model passes the White and Lagrange Multiplier (LM) specification tests for serial
correlation (at lag 1) and heteroskedasticity (ARCH) in the residual term, using conventio:nal
significance levels, see the bottom half of Table 1'%, There is, however, strong evidence o%
serial correlation at higher lags (AR(3) and AR(5)) leading to a rejection of the model. No%te
that the documented serial correlation implies that the coefficient estimates are inconsisteﬁt
given the presence of the lagged dependent dividend-price as a regressor. The coefﬁcnents

should therefore be interpreted with caution,

Another severe problem with the model is that is highly unstable over time. Figures 6-10
show recursive estimates of the model coefficients including 95% confidence bands, obtained

by recursive least squares. With the exception of the yisk premium, the coefficients are verfy
|
unstable and there is a strong indication of a structural break in the model both in the i

beginning and towards the end of the sample.

< Figures 6-10 >

The apparent instability of the model can be further documented by formal testing. The

Andrews test, see Table 1, allows one to perform a test for structural break without havingito .

2 The tests are documented in Hamilton (1996). We use the suggested small-sample versions of the tests '
whereby the asymptotic test is transformed to a small-sample test based on the F-distribution. The tests for
autocorrelation are tests for an AR(1) process in the residuval term.
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pre-specify a candidate time for a breakpoint, see Andrews (1993) ancﬂ Hamilton (1996) for
details. The Andrews test procedure basically performs a LM test for é shift in the mean at
each point in the sample, except for the first 15% and the Jast 15% of the observations, One
then chooses the observation with the highest LM test value and compares with crmcal test
values, as tabulated in Andrews (1993). The evidence for the one-regime model is a clear
indication of a (at least one) structural break in the sample. Hence, thq Andrews (1993) test
statistic is 23 which should be compared o critical values of 8.85 (5% significance level) and

12.35 (1%), that is, a clear rejection of the null hypothesis of no struc{ural breaks. The test

- statistic is obtained for the year 1947 B,

'I;o conclude, the estimation results suggest that we have identified ecjonomic fundamentals

variables which have power in explaining the variations in the‘dividexild—price ratio, including
the large fall in 1983. There are, however, specification problemns w1th the model and there is,
in pamcular, strong evidence that the one-regime model is unstable over time, suggesting that

more than one regime applies over the sample perlod. » !

i

5. TResults Using a Regime-Switching Approach

Motivated by the evident instability of the economic model in (4), we estimate a version of
the model which allows for more than one regime. A regime is here defined as a subperiod
(or several subperiods) over which (4) is stable, i.e., over which the coefﬁclents of the
economic fundamentals (including the constant term) and the explanatory power of the model
(as measured by the residual variance) are constant. A regime shift takes place whenever the
underlying structural framework for dividend-price changes either because of a change in the
impacts of the various fundamentals or because of a change in the non-explained part of the
volatility in dividend-price. In other words, a regime shift can be interpreted as a structural
break in the underlying economic model. We incorporate the possibility of multiple rggimes
by using the Markovian regime-switching model developed by Hamilton (1990). This
approach has the advantage of letting the data - as opposed to apriori information - determine

whether there is more than one regime and, if affirmative, when the regime shifts take place.

13 The individual LM test values over the sample are reported in the Appendix.
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In order to keep the model as simple as possible, we only allow for two regimes from the,
outset and, subsequently, test whether two regimes are sufficient to eliminate the strllctut%l :
breaks in (4). !

In the tegime-switching approach, the economy can at each point of time be in one of two
possible states, as indexed byan unobservable state-variable s, which takes on the values'l or

2 Bach regime is described by a distinct model for the dividend-price ratio:

-1

‘:u[CJ 3

L=f, (s,)+l3 (S)*R 4B, (s)*y, +B,(s,)*DR, +B, (s,)*P"+c(s) €,, S —12 ’ |

where the patameters depend on the prevailing state s,. (6) is identical to (4) except for the I /' :
state-dependence so that the underlying economic framework is fundamentally unchanged.
The crucial difference in (6) is that we here operate with (possibly) two distinct models

which differ wrt. parameters, i.e., the coefficients Pi(s,) and the residual variance U(s.)z.

Which model applies at a given point of time is governed by the state-variable s,. s, is
stochastic and is assumned to follow a two-state Markov Chain with constant transition
probabilities py, where the latter is defined as the probability that the state (ot regime) is JI in
period t conditional on the state # in period t-1, i.e., py=Pr{s~j|s.,;=} (,j=1,2). s/isby !
assumption independent of the residual term &, acro;s all time periods, so that the state |
process is exogenous to the dynamics of dividend-price.

Under the assumption that g, is independent standard normal (e~Nid(0,1)), we can estlma'tte
(6) by the method of Maximum Likelihood (ML), see Hamilton (1994, Section 22). The ' ,

results are reported in columns 3 and 4 of Table 1,

" For a detailed outline of the regime-switching model including the statistical foundations, we refer to |
Hamilton (1990), Hamilton (1996) or the textbook Hamilton (1994, Section 22). Numerous applications of the
model can be found, including those in Driffill and Sola (1998), Engel and Hamilton (1990) and Hamilton and
Lin (1996).

> We have performed the estimation under the assumption that the state probabilities of the initial observatnon
are given by the ergodic probabilities. Including an estimation of the initial probabilities does not change thc
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Pirst of ali, we note that all coefficients have the expected signs. In régime #2, all coefficients
can be shown to be significant at the 1% significance level, whereas t]he real interest rate and
lagged dividend-price turn out to be insignificant in regime #1 16, The‘ two remaining
variables (the risk premium and real dividends) are highly significant in regime #1. In fact,
for the tisk premium and real dividends, the coefficient estimates do not differ much across
regimes. The results suggest that we have two regime-dependent, underlying models for
dividend-price, one in which there is partial adjustment in dividend-p}:rice and where both the
real interest rate, the risk premium and real dividends matter (regime j#2), and one in which
there is an immediate adjustment and where only the risk premium and real dividends are
important (regime #1). Because the estimated residual variance is markedly higher in regime
#2 than in regime #1, the uncertainty attached to the model’s fit is latger in the former regime
(despite the model having more significant explanatory variables in tilis regime)”.

!
The autoregressive term in the dividend-price modg}., reflecting partizjﬂ adjustment, implies
that the impact of the fundamentals variables is (slightly) stronger ingthe long term than in the
short term. This difference between the two horizons is m(;st pronounced for regime #2
where the autoregressive term has the largest coefficient anid the adjustment to long run

equilibrium, hence, is the slowest. The long run equilibrium relation pertaining to each

'

results significantly. The computations are performed with the BFGS algorithm in GAUSS using a variety of
different starting values, We identify more than one local maximum (a total of 5) depending on the starting
values and, moreover, encounter a singularity problem of the likelihood function, that is, for certain starting
values the likelihood becomes ‘large’ without convergence as one of the regime-dependent variances goes to
zero. The resulis of Table 1 apply to the local maximum with the highest likelihood. This choice is consistent
with Kiefer (1978) who shows for the mixed-distribution model - where a global maximum does not exist - that
there is a bounded local maximum of the likelihood function (with variances being positive) which exhibits the
usual maximusm likelihood properties of being consistent and asymptotically efficient. )

16 A 1ikelihood Ratio test of the joint hypothesis that the real interest rate and lagged dividend-price are
insignificant in regime #1 gives a test statistic of 3.4 with two degrees of freedom, corresponding to a critical
significance value of 18.4%. Hence, the hypothesis is accepted at conventional significance levels, We keep the
two variables in the model because the resulting parsimonious model fails the specification tests.

7 Brom a probabilistic inference, cf. below, we can estimate regime #2 to have reigned over the period 1950-
1985, Using the model’s overall fit (see equation (8) below), the coefficient of determination (R?) over this
subperiod is 81%. This is considerably lower than the R? of 96% in the remaining periods 1927-1949 and 1986-
1991 (regime #1), indicating a lower explanatory power for the model in regime #2. Over the whole sample, the
R is 91%. Notice that the dating of regimes is not certain so the differences should be interpteted with caution.
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regime can be calculated from Table 1 by diViding through by one minus the autoregressijve :

coefficient. This leads to (ignoring the error term)lsz |

D,
?‘ =—~6562+0019*R, +0.158*%y, +2.676* DR, (regimeitl)
@ '
D, oo ,
?" =—-6319+0094*R, +0.199*y, +2.787* DR, (regime#2) i

The main difference between the two regimes is the real interest rate impact which is
insignificant in regime #1. The impact of the risk premiun is also somewhat larger in regime
#2, where_as the coefficients to real dividends (and the constant terms) are almost equal across

regimes.

As was also the case for the one-regime model, both the real interest rate and the risk . _
premium have smaller effects than expected apriori, that is, the coefficients are less than :onec
In regime #2, a permanent increase in the real interest rate by 1 percentage point will cele}'is
paribus lead to an increase in the (expected) dividend-price ratio by 0.09 percentage poinit in
the long run. Thus, only 9% (rather than the 100% implied by the theoretical framework) of
the change in the real interest rate shows up in the dividend-price ratio. The impact of the risk
premium is somewhat higher, as an increase in the premium by 1 percentage point raises the
expected long-run dividend-price ratio by 0.16 percentage point in regime #1 (an impact of
16%) and by roughly the same magnitude in regime‘#Z (20%). A possible explanation is, i!ike'
before, that market participants expect a significant part of the shocks to the two variablcé to
be transitory. For the real interest rate, this may in particular be true in regime #1 (coverin?g
the subperiods 1927-1949 and 1986-1991, cf, below) where the real interest rate is subjec:t to
very large fluctuations, implying that a relatively large portion of the variation in the curr;ant
real interest rate is transitory (see Figure 2). This could potentially explain the low and !
insignificant impact of the real interest rate in regime #1. !

'® As shown in Nielsen and Olesen (1999), the computation of the regime-dependent mean E[(D/P), s is
complicated when allowing for an autoregressive dependent term. (7) should therefore correctly be inlerpréted
as the expected dividend-price ratio conditional on being in regime #1, respectively regime #2 both in the .
current and previous period, 1.e., as E[(D/P), |s=s,.=i] (i=1,2). However, this mean will come close to that ‘of
E[(D/P), |s] whenever the regimes are persistent, which turns out to be the case for our model.
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The level of real dividends has a significant positive impact on dividend-price so that stock

prices appear to underreact to shocks to dividends, as compéred to thtajory. A prime candidate

* for explaining this feature is, again, that shocks to dividends are expected, to some extent, to

be transitory. Because we measure dividends in log-levels, the cgefﬁcients can be interpreted
as semielasticities. From (7), a permanent 1% relative intrease in real dividends will in the
long run lead to an increase in the (expected) dividend-price ratio by z;xpproximately 0.03 '

percentage point in both regimes.
<Figures 11 and 12>

The fit of the regime-switching model is illustrated in Flgure 11, whxle Figure 12 shows the
standardized residuals. Both the fit and the residuals are calculated using the filtered
probabilities for the latent state variable s,. The fitted (or expected) dividend-price ratio is

calculated across regimes as'”: Y

- i

D D D, '
8 E|—Li=E|=L|s, =1|*p{ + E|—"|s, =2 |*p{
®) [P,] {Pllé, ]P: |:PI|S, ]Pz

p,f = Prfs;=ill;} (i=1,2) is the filtered probability of state 7 at time t, conditional on"\/the
information set I which contains all available information on observables (including
dividend-price) in the sample, cf, Hamilton (1994, Section 22). The state-conditioned means
EL.|s] follow immediately from (6), using the fact that the residual term has a zero mean. The
variance of dividend-price around its fitted value, VAR(Dt/P,)EE[Dl/P.-E(D,/P1)]2, can be
derived by using a formula similar to (8) for the second moment E(D,/P,)’ and exploiting the
fact that E((D/P) s =0 (s)*HE((D/P)Is))’ (by the definition of variances). Subtracting the
term (E(D,/P))” (follows from (8)), then gives the variance, The result is:

¥ All moments in (8) and (9) and the following derivations are conditioned on the information set containing
the past and current levels of the explanatory variables (including lagged dividend-price) as of period t (omitted
for notational convenience).
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1
) VAR(—?,’] =plc(1)’ +p{c(2)’ +p{ p] (E[—?’ Is, = 1] - E[—ll),’ s, = 2})2 .
{ { .

i

The uncertainty of dividend-price is a result of both the unknown error term (captured by the ol
first two terms in (9)) and the unceﬂamty arising from the fact that the state is unknown and
the state-dependent means dlffel‘ (the last tetm in (9)). The standardized residual which is a

point estimate of the error term g in (6) can, finally, be calculated as the difference between

actual and fitted dividend-price, divided by the standard eiror of dividend-price (the square
root of (9)).

Figures 11 and 12 show that the model captures the significant movements in dividend-price .
over most of the sample and, in particular, performs well in the beginning and towards the
end of the sample, Like the one-regime model, the regime-switching model tracks the :
significant fall in dividend-price in 1983. Less appealing features are that the 1974
observation seems to be an outlier and that there are two subperiods (1947-1955 and 1958-
1968) over which fhe model systematically underestimates, respectively, overestimates acjtual'

dividend-price. !

The specification tests of Table 1 (bottom half) test whether the residual term of (6) is serially
uncortelated, homoskedastic and normal distributed. The tests reveal no misspecification at
the standard 5% significance level, expect for the LM test for ARCH in regime #2. Howe\:!er,
using an altetnative small sample correction to that used in Table 1, the test for ARCH in |
regime #2 is (just) passedzo. Notice that the tests for serial correlation, including the tests ffor
serial correlation within the two regimes, are passed so that the tendency to a systematic
undet- and overestimation as noted above is not statistically significant. The Andrews (19:93)

test for structural break gives a test statistic close to its critical value at the 5% signiﬁcancfe

% Hamilton (1996) suggests two possible small sample corrections to the asymptotic Likelihood Ratio (LR)
test; either to transform the test to a small sample version based on the F-distribution (which is the one nseq: in
Table 1) or to use a 1% s1gmﬁcance levet for the LR test. According to Monte Carlo simulations, both help iin
correcting for an ‘over-size’ of the specification tests (that is, the tests tend to indicate misspecification (oo
often) in small samples. For the test for ARCH in regime #2, the LR test statistic which is asymptotically e
distributed with 1 degree of freedom, is 6.17. The critical significance level is 1.3%. Hence, the null of no
ARCH in regitne #2 is (just) accepted at the 1% significance level,




Chapter 5 178

level, Hamilton (1996) suggests that a 1% significance level is used for this test in small
samples to correct for a possible ‘over-size’, i.e., a tendency to indica“te structural breaks too
often in small samples. Using a 1% significance level, the test is'passed with a comfortable
margin, that is, we accept the null that the model has no structural breaks?’, .

.
We conclude that the regime-switching model is, overall, well specified. In particular, the
model performs well in regime #1. The Andrews test suggests that twb regimes are sufficient
to remove the structural breaks in the oné—regime model. }
A_ccording to the estimated transition probabilities, cf, Table 1, both regimes are highly
persistent with the probability of continuing in a given regime being §6-97%. The state
variable s, is unobservable, but it is possible from fhe estimated transiiion probabilities and
the estimated regime-dependent models to draw a probabilistic infererflce about the state for
each year in the sample. This inference is cxpresseqpy the filtered st&te probability, that is,
the probability of the economy being in (say) regirfié #1 in year t, con;ditional on all available
sample information on observables (dividend-price and the economic ?fundamentals), cf. also
above. The estimated filtered probabilities, expressed as the probabili{y of regime #1, are
shown in Figure 13. This plot confirms that the regimes are highly pefsistent, Furthermore, it
gives a very clear inference about the state variable, suggesﬁng that we can divide the sample
into three distinct subperiods (using the 50% probability value as the dividing line between
subperiods); 1927-1949, where the model of regime #1 governed the dividend-price process;
1950-1985 (regime #2), and 1986-1991 (regime #1). The identification of regimes
corresponds quite well with the recursive plots of Figures 6-10 which, tentatively, indicate

that there are two regime-shifts in the sample, one in the beginning and one towards the end,

< Figure 13 >

A further understanding of the two regimes can be facilitated by inspecting Figure 14 which

shows the fit of each of the two regime-dependent models together with the actual dividend-

21 . P
The individual LM statistics used in the Andrews test are reported in i i
i the A .
obtained for the year 1969. i © Appondic. The estvalue s
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price ratio. It is evident that the model of regime #1 systematically predicts a lower dividefb‘d-

price ratio than that of regime #2 (over the sample, the average difference is1.l percentageE
point). This suggests that regime #1 (#2) is one with a low (high) dividend-price ratio and -
correspondingly - a high (low) level of stock prices, taking due account of the underlyihg :
economic fundamentals. The recent period from 1986 where regime #1 has reigned could
therefore be interpreted as a peri%c'l':)vith relatively high stock prices (even when taking
account of fundamentals). The identification of regimes suggests that this period resembles
the subperiod 1927-1949 in the beginning of the sémple. The long intervening period from

1950 to 1985 has, on the other hand, been characterized by relatively low stock prices.

<Figure 14>

The results from estimating the regime-switching model leads to the conclusion that the |

underlying economic model was subject to a structural break in both 1950 and 1986. The i

evidence that a regime-shift towards a lower dividend-price ratio occurred in the 1980s seems:

plausible giveﬁ the large changes in the Danish economy in that period, cf. section 3. The
timing of the regime-shift (1986) may be slightly surprising because the large adjustment m
dividend-price as well as the structural changes took place iﬁ 1983. Thus, the economic !
model is able to explain the significant fall in diyidend-price and the underlying increase iin
stock prices in 1983 without referring to a tegime-shift. Using the estimated coefficients for

the prevailing regime #2, the prime factor in explaining this event is the huge fall in the risk

premium by about 11 percentage point that year which in itself explains a decline in i

dividend-price by 1.7 percentage pointn. Moreover, a fall in the real interest rate (by nearliy
12 percentage points) and real dividends (by 30% in relative terms) contribute an estimatéa
0.9 and 0.6 percentage point, respectively, to the decline in dividend-price. The regime-slilﬁ
instead occurs in 1986. This shift is needed in order to explain why the dividend-price ratiio
remains low despite a reversal in the real interest rate, the risk premivm and real dividends

[
2 Recall that this large fall in the premium is partially motivated by the introduction of the new pension ﬁii)d
tax, cf, section 3, so that this particular variable incorporates one of the big structural changes in 1983. Also
notice that within the regime-switching model; the pension fund tax may have induced a decline in the
dividend-price ratio via two channels; by lowering the before-tax (risk) premium y, and, potentially, by
triggering the shift to the ‘low’ dividend-price regime after 1986.
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towards the levels prevailing before 1983. Tentatively, this‘lagged reéime-shiﬂ might be
consistent with the gradual phasing in of the pension fund tax. As a more general insight, the
timing of the regime-shift in 1986 rather than 1983 hlghllghts the 1mportance of taking due
account of underlying economic fundamentals when estimating whether or not a reglme-shlft

has taken place. ) s

The result that a regime-shift occurred in 1950 and that the pre-1950 kegime should resemble

that of the post-1986 period is harder to éxplain and a closer examination is needed.

Itis evidént from Table 1 that the allowance for two regimes significantly alters the estimated
coefficients. The one-regime model does not come close to any of the regime-dependent
models and we, in particular, encounter differences for the coefﬁcient:s of real dividends and
lagged dividend-price, The regime-switching model is better than thefy one-regime model in
terms of fit (as measured by the likelihood or the estlmated residual varlances) which is no
surprise as the regime-switching model contains rriore paramcters Hdwever, even after
correcting for the number of parameters the regime-switching model ;eems superior. Table 1
shows the values of three information criteria often used as the basis jfor model selection; the
Akaike information criterion (AIC), the Hannan-Quinn criterion (HQ) and the Schwarz
criterion (SC). According to the first two, the regime-switching model is the preferable one,

while the SC does not give a clear answer.

There are two more evident reasons fot choosing the regime-switching model. First of all, the
allowance for two regimes solves a clear problem with structural breaks in the one-regime
model. Second, within the context of the regime-switching model, a one-regime model is
valid if and only if the two regime-dependent models do not differ in any statistically
significant way. This hypothesis can be put to a formal test by, for instance, testing whether

all coefficients (including the constant term) are identical across the two mgimes23 ., The

2 Asnoted by Hamilton (1990), it is not possible to perform a Likelihood Ratio (LR) test of the more adequate
hypothesis that all parameters including the variances are identical across regimes. The reason is that the
asymptotic information matrix becomes singular under the null because the transition probabilities can not be
identified in the case of two identical regime-dependent models. This is a violation of one of the standard
regularity conditions underlying the LR test.
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Likelihood Ratio test of this null hypothesis gives a test statistic of 29.7 with 5 degrees of]
freedom, which corresponds to a critical significance level of 0.00%. Hence, the null is T

clearly rejected. We can conclude that there are two distinct regimes in the data and the

evidence in favor of the regime-switching model is strong.

6. Conclusion —
We have estimated a fundamentals-based economic model for the dividend-price ratio.
Results show that our proxies for the growth-adjusted real interest rate and the risk premium
on stocks are siéniﬁcant in explaining dividend-price empirically. This identification of a
time-varying discount rate which is useful for empirical modeling is the main contributiorgl of
this paper. The existing empirical literature on modeling stock price behavior often ignoreis i
the time variation in the discount rate by assuming it to be constant, The estimated |
coefficients of the real interest rate and the risk premium are significantly less than one, the
value predicted by a Gordon-type theoretical model where all innovations in the two !
variables are expected by market participants to be permanent. This result suggests that th{e
innovations are considered to be partially transitory. Lagged dividend-price and the level ?f
real dividends are also important explanatory variables. The former captures slow adjustm%ent
in the dividend-price process while the significance of real dividends (with a positive
coefficient) shows that stock prices tend to respond less than proportionately to dividend ;
shocks. The latter may, again, reflect that market participants expect some of the shocks té
dividends to be teansitory. -

|
We estimate the economic model using botha one-regime and a regime-switching approaé:h.
The latter is used to account for non-modeled changes in the exogenous ‘economic I
environment’, leading to structural changes in the economic model. Results show that it 1sI
important to allow for more than one regime over the sample in order to avoid structural ;| ;
breaks. Two regimes seem to suffice. The regimes cortespond to two distinet versions of the
economic model which differ wrt. the relative importance of the fundamentals variables, A

main difference is that the real interest rate (proxy) is only significant in one of the regxm S,
‘1
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- |

The two regimes also differ wrt, the level of the dividend-price ratio 45 one of the regimes
has a systematically higher level for dividend-price than the other over the sample period
considered, One way to interpret the two regimes is therefore to distinguish them as a ‘low-
dividend-price’ regime (corresponding to a high level of stock prices) and a ‘high-dividend—
price’ regime (low stock brices). The terms ‘high’ and ‘low’ are to be used within the context
of the economic model which explicitly takes account of the underlying economic
fundamentals. Results clearly identify three distinct subperiods (1 927;—1 949, 1950-1985 and
1986-1991) in which the regimes (submodels) apply. The high pcrsisience of the regimes
gives plausibility to the working hypothesis that structural changes in the economy account
for the shifts in the underlying economic model. The latest regime-shift in 1986 may possibly

be explained by the gradual phasing in of a new separate tax on the returns on pension funds’
|

bond holdings, initiated in 1983. 5

Related literature is Driffill and Sola (1998) who es}imate a two~statef; regime-switching
model for the US stock market over the period 1900-1987, using the price-dividend ratio as
the endogenous variable. Within the context of the standard Gordon model, they motivate the
existence of two distinct states for price-dividend by the existence oﬂ two states of the
underlying dividend process - a ‘low—growth-and-high-variance’ staté and a ‘high-growth-
and-low-variance’ state, respectively. These states result in two different fundamental
solutions for the price-dividend ratio. Driffill and Sola (1998) find evidence of two states
being present in the processes for dividends and price-dividend. Furthermore, they find that
the allowance for two regimes leads to a significant improvement on'the one-regime model,
in particular, in terms of fit. Driffill and Sola (1998) also test for imrinsic bubbles in stock
prices, as originally proposed by Froot and Obstfeld (1991), by allowing for the level of real
dividends to explain price-dividend. Even though they cannot formally reject the existence of
intrinsic bubbles, they conclude, based on the explanatory powet of the models, that the

inclusion of intrinsic bubbles is not important when fixst having allowed for two different

regimes.

Our analysis differs from Driffill and Sola (1998) by using economic fundamentals, in

particular, a time-varying real interest rate and a time-varying risk premium, in explaining
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dividend-price. Driffill and Sola (1998) focus exclusively on the regime-switching element%,
assuming a constant discount rate®, Our motivation for using the regime-switching approaich
is ad hoc in the sense that we do not provide a specific account of the causes of the regime-
shifts. Driffill and Sola (1998), on the other hand, have a more firm theoretical foundation for
the existence of distinct states in the pricing process, which is based on the existence of

e
distinct states in the (exogenous) underlying dividend process.

The significance of real dividends in our analysis could - as in Driffill and Sola (1998) and
Froot and Obstféld (1991) - be suggestive of intrinsic bubbles in stock prices. However, this
conclusion is only valid if certain restrictions on the parameters of the dividends and price
processes are fulfilled, cf. Driffill and Sola (1998) and Froot and Obstfeld (1991), These have

not been tested in the present papet.

'The model we estimate provides a good fit to dividend-price, is overall well specified and

does in particular work well in regime #1 (the periods 1927-1949 and 1986-1991). The model

is not entirely sétisfactory over subperiods in the middle of the sample (concentrated in |
regime #2) where we encounter a tendency to under-, respectively, overestimate dividend-!
price. The latter is a point where the model may be improved upon. Even though two regimes
suffice according to formal testing, one possibility would be to allow for three regimes as the
‘problematic’ subperiods may be suggestive of an additional regime. However, allowance for

a third regime increases the number of parameters to be estimated significantly (by 10).

I
The regime-switching model identifies regime-shifts in 1950 and 1986. An obvious but also
challenging issue for future research is to identify the causes of the regime-shifts and, it
possible, formally incorporate these as additional explanatory variables in the model. We i
have conjectured that the introduction of a new pension fund tax is a possible explanation lbf
the regime-shift in 1986, By incorporating taxation in the economic model, the validity of!
this conjecture can be tested. Moreover, it would allow us to test whether changes in taxatiﬁon

also can account for the regime-shift in 1950, If so (and taxation is the sole explanation of| ithe
|

2 We should add that the approach of Driffill and Sola (1998) is not applicable for Denmark as there is no
evidence of distinct states in the process for dividends.
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regime-shifts), the inclusion of taxation would remove the structural breaks from the
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Figure 5. Dividend-Price Ratio: Actual and Fitted
One-Regime Mode!

Figure2. Growth-Adjusted Real Interest Rate
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Figures 6-10. Recursive Parameter Estimates for One-Regime Model j l
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. j : Table 1. i Likelihood Esti i i ing:
| Figure 13, Fiitered Probabilities for Beglms # ! ablet xzz;::li‘th l::d v:i(:houstt;?a;:::‘Sl\?vifglf:l:tgicatlon Testine
L i One-Regime Regime-Switching Model
09l T Model i
r—V Parameler estimates Regime #1 |  Regime #2 i
08 . Constant term . Bo -2.7186 ** -5,8118 ** -4,8685 **
ozl (0.6976) (0.6552) (1.615)
) Real interest rate B 0.0345 ** 0.0172 0.0725 ** i
06 N : (0.0127). (0.0112) (0.0195)
Risk premium B> 0.1444 ** 0.1399 ** 0.1535 ** 1
05+ s 0.0250) (0.0418) 0.0242)
04l Real dividends By 1.2848 ** 2.3701 ** 2.1473 **
’ (0.2202) (0.2414) (0.4386)
0.3 | } Lagged D/P Ba 0.4433 ** 0.1143 0.2456 ** |
| (0.0728) -(0.0876) (0.0913) b
024 ! Variance ¢’ 0.3719 0.1255 0.2296 1
o4 (0.0652) (0.0366) (0.0525) i -
. ,’\/\A‘ ‘ Transition probability Pii - 0.9740 0.9626 :
O di L ‘ 0.0291) (0.0295) :
58 2889 222 n o A ' i
2 ¥ 8 2833388888 88588¢835¢8 Ergodic probability — 0.5901 0.4099 o
Log-likelihood -60,0815 -43.7682 ! Ll
AIC 1322 115.5 .
) 3 HQ 1373 127.6
Figure 14. Dividend-Price Ratio: Actual aanﬁegime‘-nependem Predictions SC 145.2 146.0 P
8 Regime-Switching Model P
White specification test © .
7 Autocorrelation F(4,51) 2.737 (0.103) 2,333 (0.068) . i
ARCH F(4,51) 1.970 (0.166) 1,834 (0.137) !
6 |, Markov specification F(4,51) — 2.199 (0.082) i
s LM specification test " ; \3}
| Autocortr. regime #1 F(1,51) - 0.529 (0.470)
E Autocorr. regime #2 F(L51) — 2,659 (0.109)
S Autocorrelation FLSH | 2.732(0.104) 1,249 (0.269)
o o ARCH regime #1 F(1,51) — 2,493 (0.121)
3l ARCH regime #2 E(1,51) — 4,844 (0.032) * .
: ARCH F(1,51) 1,913 (0.172) ~ 0.287 (0.595) i
2 : ! Standardized residuals " ? . !
AR(1) F(1,63) 3.106 (0.083) 0,863 (0.356) .
1 AR(3) F(3,61) 5.519 (0.002) ** 2.402 (0.076) | :
J AR(5) F(5,59) 4,543 (0,002) ** 1.403 (0.237) | !
) P o Normality a0 2.810 (0.245) 3.775(0.151) : ;
5 8 e B o L I SR RE U P : 5 |
2 @ ,§_ § g 3 3°3 18 3 588880 eRz3 3 'l\ 2 Andrews test for i |
i o ¢ ¢ ¢ ® F $ g structural break * 23.009 +* 8.964 *
“‘\GQMM Note: Asymptotic standard errors of parameter shown in p based on second derivatives of log:
likelihood function. A “** shows significance at the 5% level, *** at 1% level, The Akaike, Schwarz and Hannan=
Quinn model selection ctiteria are calculated as: A/C=-21+2k, HQ=-21+2In(In(T))k, and SC=-21+kIn(T), where ! is
the log-likehood value, k is the number of frecly estimated parameters and 7'is the number of observations, i
1) Test distributions apply to regime-switching model. For one-regime model, White and Lagrange Multiplier |
(LM) tests are distributed F(1,59). Tests are small-sample approximations based on the F-distribution, as i ]
suggested by Hamitton (1996). Critical significance levels in parentheses. The White and LM tests are described ! ! el
\ in Hamilton (1996).
: 2) For regime-swilching model, the serial correlation (AR) tests are standard LM specification tests applied to a ‘
regression of the standardized residuals on a constant term. For one-regime model, standard LM tests on the ‘ i
regression equation. Normality test by Doornik and Hansen (1994). i i
. . " s 5 3) Asymplotic critical test values are 8.85 (5% significance level) and 12.35 (1%), see Andrews (1993). ; ;
M. Vertical lines indicate datings of regime #1 (1927-1949 and 1986-1991) and regime #2 (1950-1985), ) p . ! ! |
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Abstract

Using Danish data for the post-World War Il-period, we estimate a simple model for
the long-run behavior of stock prices. We find a stable and strong cointegrating
relation between stock prices and two macroeconomic “fundamentals” variables,
firm profits and the nominal bond rate. Both “fundamentals” are highly significant.
Growth in profits drives the long-run trend in stock prices while the bond rate
explains the observed large deviations from trend growth. The behavior of the bond
rate accounts for the evident split of the Danish stock market into a bearish period
before the early 1980s and a subsequent bullish period. Likewise, a decline in the
bond rate explains a major part of the large capital gains realized in recent years.
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1. Introduction

Like most stock markets in the OECD area, the Danish market experienced large

capital gains in 1996 and 1997. In total, the increase in stock prices amounted to 84%.

These bullish stock markets have stimulated interest in the behavior of stock prices -
both among academics and practitioners and the interest has, in particular, focused on
the question whether stock markets are currently over\valued, see Campbell and Shiller
(1998), Cochrane (1997), Kopcke (1997) and Cole et. ol (1996) fozﬁ- just a few
examples. E ‘

‘When examining the recent experience in a historical petspective, it is evident that the
stock market developments in 1996 and 1997 are remarkable. Hovsfever, they are not
without precedents, see Figure 1 which shows the Danish All-Share Stock Price Index
in the post-World War Il-period. The Danish stock market has in three previous
episodes experienced capital gains of a similar or even bigger magﬁitude, that is, in
1972 (89%), 1980-1983 (276%, with a capital ggii of 114% in 1983 alone) and 1988-
1989 (99%)]. It is also interesting to note that the increases in 1996 and 1997 follow a
period of several years where stock prices have effectiveiy moved ina hori;zontal

direction.
<Insert Figure 1 around here >

Moreover, 1996 and 1997 may be viewed as merely the most recent part of a long-
lasting bull market commencing in the early 1980s. Over the subperiod from 1980 to
1998, stock prices have increased at a trend growth rate of 10.3% per year. This is
much faster than over the preceding yeats 1948-1980 where the trend in stock prices
showed a growth rate of 4.0% per year, see Figure 1 where the straight lineé indicate
the trend growth rates. This evidence suggests that we can divide the post-World War

II -period into a long-lasting bear market perioa before (around) 1980 where capital

' The stock marlfet increases in 1972 and 1983 coincided with major changes in the Danish economy.
In 1972, the Dar}lsh population decided by a referendum to join the EEC as of Jan 1 1973, In late l98l2
anew cons_ervatlve—]iberal government came into office, marking the change to a new economic policy,
regime of tight fiscal policy, wage maderation and a fixed exchange rate policy. In 1983, a new tax on
pension funds® bond returns was passed by the Parliament, favoring pension fund invesh;wnts in
stocks, The tax took effect as of Jan 1 1984.
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gains were below average and a subsequent long-lasting bull market period with

capital gains above averagez.

This pictute is confirmed when relating the increase in stock prices to general
inflation ot the growth in economy-wide nominal income, cf. Figure 2. Real stock
prices denote the level of stoczl_( lpﬁrices deflated by the general price level (as measured
by the factor price deflator fof GDP in the private sector) whereas the growth-adjusted
stock prices show the level of stock prices relative to nominal income (GDP in factor
ptices for the private sector). Stock prices have not been able to keep track with cither

the general price level or nominal income in the period before (around) 1980, the bear

- market period, but they have outpaced both the price level and nominal income in the

subsequent period, the bull market period. The observation of a long-lasting bull

market since the beginning of the 1980s has previously been made by Ritter and Warr

(199'9) for the US stock market’.

<Figure 2 >

The purpose of this papet is to explain the long-run behavior of the aggregate Danish
stock matket based on a few macroeconomic “fundamentals” variables. In particular, :
we want to address the question what can explain the apparent division into bearish
and bullish subperiods of the stock market. We also provide some evidence on the
question whether the large capital gains in 1996 and 1997 can be motivated by
developments in fundamentals variables or whether they represent a non-fundamental
innovation (a bubble, a fad or noise trading). We confine ourselves to the analysis of |
stock price behavior in the long run because thivs is the horizon where we expect i
fundamentals variables to have the most predominant effects. We focus on stock

prices at the aggregate market level, that is, we formulate a model for the overall

2 Our use of the terms ‘bear market’ and ‘bull matket’ may differ from other definitions in the
literature, but in this paper they are just short-hand express

below average and above average, respectively.
3 The observation that the Danish stock market can be divided into bearish and bullish subperiods is |

consistent with the findings in Nielsen and Olesen (1999a). They estimate a regime-switching model
for the 1-year nominal stock return and find a persistent regime shift in the return process in the early
1980s. This regime shift includes an increase in the mean refurn.

ions for periods with stock price increases
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market price index of Danish stocks. By focusing on the pricing of the market rather

|

than individual stocks, we reduce the importance of idiosyncratic §hocks.

1
The main finding is that we are able to explain the loné run behavior of stock prices.
by only two “fundamentals” variables, firm profits and the nominal bond tate. We -
establish a strong and stable cointegrating relation be\tween stock prices and these
fundamentals variables. The latter are highly significant in both statistical and
economic terms. We find that the increase in the bond rate until 19jSZ is amain
explanation of the poor stock market performance in the bear marlLet period and,

likewise, that the decline in the bond rate following 1982 can account for the

- subsequent bull market. Furthermore, we conclude that a major part of the capital

gains since 1995 can be motivated by the contemporangous declir{e in the bond rate,
However, the analysis also suggests a substantial degree of over-s}moting in stock

prices by late 1997. This overpricing of stocks was rectified during 1998.
V4 ‘

&

Besides contributing to an understanding of the empirical issues r:jiised above, this
paper provides an empirical and macroeconomic alternative to more traditi(l)nal
valuation models for stocks, that is, we provide an alternative wa}T to determine
whether stocks are mispriced or fairly valued. Traditional models typically rely on -
financial or accounting ratios such as e.g. the price-earnings ratio, the dividend-price
ratio or the book-to-market ratio. We take a different approach where we formulate
and estimate an explicit empirical model for stock prices. We establish a well-
determined and stable historical link between the long-run behavior of stock prices
and a set of macroeconomic fundamentals variables. The level of stock prices
predicted by this model (the fit) is interpreted as the fundamental level of stock prices.
Thus, any deviations between actual stock prices and this prediction is taken as
evidence of a mispricing of stocks in the market. Our approach is directed towards
identifying an empirically valid structutal model for stock prices which makes it
possible to explain the behavior of stock prices either by contemporaneous
fundamentals variables or by referring to a mispricing error. This distinguishes our
approach from traditional models. These typically derive from predictability studies

which have established that a certain (say) financial ratio has predictive power.
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The outline of the paper is as follows. In section 2, we formulate an empirical long-

run model for stock prices and take a look at the data. In section 3, we present the

results from estimating the model, We use the VAR method of Johansen (1996) and l

include a check of the robustness of conclusions by using the two-step procedure of .
Engle and Granger (1987). Section 4 provides an intetpretation and application of the

results and section 5, finally, concludes with a summary and a discussion,

2. The Empirical Framework
The empirical long-run model for stock prices is based on a very simple theoretical

- *
framework. Let us assume that the fundamental value of stocks Qy , defined as the

* expected discounted value of future profits, is determined as current profits per share

divided by the discount rate used by investors to discount future profits:

+ H /N
m g ==
Vi

1, denotes the firm’s total profits, Ny is the nominal value or number of all
outstanding stocks in the firm and v, is thé discount rate. (1) is basically an
assumption about how investors value the uncertain stream of profits. As a special
case, (1) comprises the textbook Gotdon Growth Model for the price of stock with
constant dividend growth and a constant discount rate if we assume that all profits are
paid out as dividends, see Gordon (1962) or the outline in Campbell ef al. (1997). In
the Gordon case, the relevant discount rate is identical to the growth-adjusted real i
interest rate, defined aé the excess of the nominal bond rate over inflation and real
growth (in dividends). (1) can also be motivated as the relevant stock pricing formulae
in the case where investors price stocks from a consideration of the price-earnings-

I
|
!
ratio of the firm (the ratio of stock price to earnings) including a comparison with a .E

relevant discount rate. This type of valuation is often used in practice. i
In order to estimate the model, we need to identify the unobservable discount rate ;. !
|

In this paper, we use the nominal bond rate as the discount rate. Theoretically, thisis a

controversial assumption because all rational asset pricing theoties suggest that a real
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discount rate is the proper measure. This is for instance reflected irfl the use of a
growth-adjusted real interest rate in the Gordon model. The main rieason for this
choice is that the nominal bond rate provides a good account of act!ual stock price
behavior as the following results will show. On the other hand, the use of common
proxies for a real discount rate fail to establish a cointegrating relation for stock
prices, see section 4, The use of a nominal bond rate r‘night also be motivated apriori.
There are basically two possibilities. First of all, variations in the 1"1ominal bond rate
may simply serve as a rough proxy for the variations in the ‘true’ l})ut lé.tent real
discount rate used by a rational investor. To the extent that changeé in the nominal

bond rate are mainly driven by innovations in the underlying real interest rate, this

- proxy may do well. |

|

|
i

The other possibility is that stock investors suffer from ‘money ilhjxsion’. In general,
‘money illusion’ is an irrational behavior where economic agents (j:onfuse nominal and
real magnitudes or simply care more about the fﬁ)f‘mer. Hence, in t%le case of ‘money
illusion’ stock investors may actually use the nominal bond rate as; their discount rate
even/though a rational investor would do otherwise. This possibili‘:;y has originally
been advocated by Modigliani and Cohn (1979) for the US stock r}larket. They argue
that stocks were heavily undervalued by the late 1970s Hecause imilestors irrationally
used the high nominal bond rate in pricing stocks, thereby ignoriné the fact that the
high bond rate reflected a high level of inflation more than a high level of the real
interest rate. In a rational world, an inflation-induced increase in the nominal bond
rate will have no effect on stock prices because the increase in inflation eventually
leads to a higher growth in future profits which compensates for tﬁe higher nominal
bond rate. The result of ‘money illusion’ is that stock prices include an ‘irrational’
price component which reflects the gap between the nominal and the real interest
rates, that is, the level of inflation. According to Modigliani and Cohn (1979), this
lead to an irrational underpricing of stocks by the late 1970s. This argument has l
recently been resumed by Ritter and Warr (1999). They argue that the US bull market
since 1982 can in part be explained by the decline in inflation which has reduced the

irrational underpricing of stocks originating in money illusion (or ‘inflation illusion’,

A
<
&
¢

- Based on (1), we formulate the empirical model for actual stock prices: i :
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i
! :
using their terminology)®. Moreover, they find that the level of inflation is a predictor : : i
of the undervaluation of stocks and interpret this as evidence that investors suffer !

!

from ‘money illusion’.

The possibility of ‘money illusion’ has also received attention in other parts of the
academic literature. Recent studies that argue in favor of or incotpotate the existence
of ‘money illusion’ include Shiller (1999), Shafir et al. (1997), Shiller (1997) and

Canner ef al. (1997). Shafit et al. (1997) provide evidence from experimental studies

suggesting that ‘money illusion’ is to be taken serious as a real world phenomenons.

2) ql=ﬁO+Blnl+B2bt+B3nl+ul

(2) is obtained by taking the logarithm of (1) and using small letters to denote : 1!
corresponding log-values. q, is the log-value of actual stock prices (which we denote {
by Q) while b, is the log-value of the nominal bond rate. The B;’s are parameters to be:

estimated. We allow for a constant term because data for stock prices consists of an

indexed seties and not observations of stock prices per se. Thus, (2) is intended to

model the -behavior of stock prices over time rather than the actual levels, In the

empirical specification, the fundamental value of stock prices is determined by the
first part of (2), i.c., In(Q)) = Bo + By, + B,b, + By, . The coefficients (By,B2B)
denote partial elasticities of (fundamental) stock prices wrt. profits, the bond rate and

the nominal valu;z of outstanding stocks, respectively. According to (1), these should

i

1

- i !

4 Notice that Ritter and Warr (1999)’s argument is not that stock investors have become more rational ‘! i
(less inflicted by ‘money illusion’) but that the source and hence impact of ‘money illusion’ (inflation) | 1
has been Teduced. : !
% Anecdotal support to the existence of ‘money illusion’ can be found in recent market studies by two : o
of the largest Danish banks, see DDB (1999) and Valgreen (1999). DDB (1999) evaluates the prices of] . ! }
]

2

|

|

standard practical tool for pricing stocks. The latter is defined as the ratio of the earnings-yield :
(earnings per share as a percentage of the stock price) to the nominal bond rate. The use of a nominal
bond rate represents ‘money illusion’ because it ignores the future growth (inflation and real growth) in
earnings. Thus, the Gordon mode! suggests the use of a growth-adjusted real interest rate, Similarly,
Valgreen (1999) uses a nominal bond rate rather than a real discount rate in modeling stock prices.

This is also an example of ‘money illusion’, see section 5 for details about this study.

stocks in a sample of OECD markets by focusing on the so-called ‘earnings-yield-ratio’ which isa ¢! ‘
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have a unit value in absolute terms but the empirical mddel allowé for elasticities
different from unity. w, is the residual term of the equation and caﬁ be interpreted as
- ]

the degree of mispricing of stocks. Hence, v, is determined as the iog-difference

botween actual and the fundamental level of stock prices, i.e., 4, s ln[ Y ’.) .

i
%

< Figure 3>

The data for stock prices, profits and the bond rate are shown in Fjigure 3. Al
observations are annual and cover the period 1948-1998. For stocl; prices, we use the

" official All-Share Stock Price Index by Statistics Denmark, comprising (today) all
Danish stocks listed at the Copenhagen Stock Exchange (CSE). Ti)is market index
captures the aggregate level of stock prices over a variety of firms)in different
branches. For profits, we rely on National Accounts, We use the rﬁeasufe of gross
operating income, defined as value added at fa(':gégi' prices minus the labor costs or
equivalently, as sales minus the indirect taxes, costs of matetial inputs (including raw
materials) and labor costs, This is not an exact measure of the proﬁts or earnings of-
the firm because it ignores direct taxes, depreciation and interest p!ayments on debt.
However, it serves as a rough guide and captures what we believe to be the most
important sources of variations in profits, namely, variations in sales and variable
costs. For adequacy, we consider the gross operating income of the private sector®,
For the bond rate, we use the yield-to-maturity on a 10-year goverhment bond, as

constructed by Nielsen, Olesen and Risager (1999).

In modeling stock prices, we have to take account of the fact that the nominal value or
number of stocks listed at the CSE has increased substantially over time. Due to a Iackl
of data for the entire sample period, we take a shott-cut and use a deterministic trend

to proxy the growth in the nominal value of outstanding stocks, that is, n, in equation

¢ New National Accounts figures, based on ENS95, are only available as of 1988, The data for profits

before !988 are therefore based on the old National Accounts figures (ENS79). A consistent series for

profits is constructed by a multiplicative chaining backwards in time as of 1988. Note, that data for the
years 1996-1998 are provisional, The data source is the official ADAM database by Statistics Denmark
(the April 1997- and August 1999-versions).
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(2) is replaced by a simple time trend. The estimated coefficient, B;, can then be !
interpreted as an estimate of the actual growth in the nominal value of stocks. Parum l
(1997) reports data for the total nominal value of Danish stocks listed at the CSE for !
selected years in our sample". These suggest that the assumption of a trendwise !
growth is reasonable for a period of a couple of years (which is the relevant horizon as

(2) provides a model for the long run, of, below). Moreover, they suggest an estimate

of B; in the neighborhood ;f;&O% per year which is the average (continuous) growth

rate in the nominal value of stocks in the period from 1952 to 1996.

It is evident from Figure 3 that both stock prices and profits exhibit a strong time

- trend. Furthermore, unit root tests show that all three data series including the bond

rate contain a unit root (and only one), that is, the series are integrated of order 1, see
Appendix A, This implies that (2) has to be estimated by cointegration methods. If (2)'
is a valid model empirically, it forms a cointegrating regression defined by the
statistical criterion that the residual ténn is stationary. The economic interpretation is
that (2) forms a long-run equilibrium model for stock prices by determining an
equilibrium level - the fundamental value - to which stock prices will be ‘attracted’ in
the long run: That is, in the short run stock prices may deviate from their fundamental |
value (u0) but in the long run any mispricing disappears because stock prices
approach their fundamental value (v, reverts to its unconditional mean of zero), see
Engle and Granger (1991) for a discussion of the concept of cointegration.

3. Results®

We estima}e (2) by the cointegrated Vector Autoregressive (VAR) method of i

Johansen (1996). This multivariate method has the advantages of allowing for more

than one cointegrating relation in the data and of leading to consistent and

asymptotically efficient estimates. To briefly sketch the procedure, we assume that

stock prices, profits and the bond rate which all are modeled endogenously canbe |

7 The reported figures in mill DKK nominal value are (the year in patenthesis): 1420 (1952), 2439
(1962), 5869 (1972), 14123 (1982), 43360 (1992), 48764 (1996), cf, Parum (1997, Appendix Tables

B1.5-B1.10).
% The estimations are performed in PCFIML, see Doornik and Hendry (1997).
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described by a VAR model of lag length k. Written in erfor-correction—form, this
model is: ‘

k-1
AX, =TIX,  + ) T, AX, +p, +¢,

I=1

&) .
A}
) v i
X, denotes the (3x1) vector having the three endogenous series as elements and AX
contains the corresponding first differences. We allow for an unres‘tricted constant
term in each of the dynamic equations (captured by the vector of cf)nstants Mo)and a
deterministic time trend which is restricted to the cointegrating spéce. The latter

" restriction is enforced by including the trend in the cointegrating patt of the VAR

model, that is, as part of the augmented (4x1) vector X, = (g,,7,,b,,)'. The trend

. . . » 0 . !
proxies the nominal value of listed stocks in the cointegrating regréssion, cf. section 2.

By restricting the trend to the cointegrating space, we preclude the possibility of a
quadratic trend in the endogenous variabies, of. ,J/ghanseri (1996). This seems
watranted by the data, see Figure 3. g, is the vector of disturbance terms in the
dynamic equations, assumed to fulfill the standard assumptions of fbe'ing normally and
independently distributed with mean zero and constant variance. The parameters to be

estimated are (IL,T},....['.1,10).

Our interest in (3) is attached to the first term on the right hand side which captures
the cointegration features of the data. The number of coiﬁtegrating relations is
determined by the rank of the (3x4) matrix of parameters, I1. If IT has zero rank, there
will exist no cointegrating relation between the endogenous series (including the
trend). If I has a non-zero but reduced rank r (0<r<3), we will have r cointegrating
relations’, In this case, the IT-matrix can be written as the product of two full column
rank matrices o and B* with dimensions 3xr and 4Xr, respectively; II=0L([3*)'. Each )
column vector of the B’-matrix is a cointegrating vector and contains the coefficients

to stock prices, profits, the bond rate and the time trend in a cointegrating relation.

9

In .the case where IT has a full rank of 3, there will be three cointegrating relations, This is only
pos§|ble if all the endogenous series are stationary, However, this is ruled out by the prior unit root
testing, cf. above.
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The o-matrix contains the loadings by which the equilibrium errors from the
cointegrating relations, i.e., the deviations from long-run equilibrivm (B*)'Xt,l*, affect
the short-run dynamics of the endogenous vatiables. Assuming that only one
cointegrating relation exists (r=1), the B"-vector can in terms of (2) be formulated as.
the vector (1,-By,-B2,-B3) where we have normalized on stock prices (the constant term
By is estimated as part of the unrestricted constant terms in the yy-vector). Both o, and

B’ are estimated in the Johansen (1996) method.

The VAR model specification we use has a lag length of 3 (k=3) and includes an
impulse dunﬁny for the yearﬁ 1960, This specification is chosen by a general-to-
specific procedure where we initially estimate a ‘general’ VAR model with a large
number of lags (5 lags). In this ‘general’ version, specification tests indicate a
sigﬁiﬁcant heteroskedasticity (ARCH) in the residual term of the equation for the
bond rate. This arises from an abtupt pattern in the bond rate in the period from 1957
to 1960 which ends with a sharp increase in 1960, cf. Figure 3. To eliminate ARCH,
we include the dummy for 1960. The proper lag length is, subsequently, chosen by
formal testing where we successively test for the significance of all terms at the
highest lag order and eliminate any insignificant lags. Using conventional significance

levels, we end up with the ‘specific’ VAR model with 3 lags'".

< Table 1>

<Figure 4 >

Speciﬁca{ion tests and diagnostic graphics for the VAR model are shown in Table 1 |

and Figure 4. The specification tests test whether the residuals of the VAR model

!

|

|
' The impulse dummy has a value of one in 1960 and is zero otherwise. In terms of (3), the dummy |
gives rise to an additional (unrestricted) term “+ugod60;’, where d60, is the scalar dummy and g, ‘
denotes the (3x1) vector of coefficients to the dummy. The term enters in the same manner as the jy- |
vector of constants. ' [
' The simultaneous F-test of the null that all torms at lag 3 can be excluded from the VAR model with,
3 lags leads to a clear rejection of the null at conventional significance levels (the critical significance |
level is 1.5%). Similarly, the null that the ‘general’ VAR model can be reduced from 4 to 3 lags is :
accepted as the critical significance level is 13.6%. The use of information criteria in choosing the lag
fength gives ambiguous results: the Schwarz criterion supports the use of 1 lag, the Hannan-Quinn
criterion 2 lags and the Akaike criterion 4 lags. .
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fulfill the requirements of being homoskedastic, serially uncorrelafed and normaily
distributed. The model passes all tests for serial correlatikm and heieroskedasticity
(including ARCH) at the standard 5%7signiﬁcan¢e level and with t;he exception of the
test for first order serial correlation in the equation for profits also ‘at the 10% level. |
The univariate test for normally distributed residuals in the equation for stock prices
leads to a clear rejectionlz. However, for inference pu;poses the nqrmality assumption
can be telaxed in'favor of the weaker assumption that the residualé are identically
distributed over time, cf. Johansen (1996, Part II). Hence, the rejection is not critical.

We conclude that the VAR model is well specified. ‘ J
, ‘\

< Table2 >

Table 2 reports the results from the cointegration analysis. We repbrt two versions of
the trace test on the cointegrating rank, the asymptotic version useéi in Johansen
(1996) and the small-sample approximation suggé’sted by Reimers?(l 992). Because
our sample is relatively small, we rely on the la;ter version. We alﬁo report two sets of
95% critical test values, the standard values tabulated in Johansen %(1996) ar.ld aset of
critical valueswwhich have been simulated using the simulation proéram DisCo, cf.
Johansen and Nielsen (1993), to take account of the inclusion of the impulse dummy
for 1960. Using the small-sample trace test and the simulated critical values, we find
strong evidence of cointegration. Hence, the null of no cointegration (r=0) is strongly
tejected in favor of the alternative hypothesis that the rank is at least one, The critical
significance level of the test is close to 1%. Testing the null that there is only one
cointegrating relation, we accept the null by a clear margin using standard significance
levels (the critical significance level is approximately 15%). The conclusion therefore

is that there is one and only one cointegrating relation in the data,

< Table 3 >

"2 The rejection of normality is a result of right skewness which is driven mainly by the large capital
gains in 1972 and 1983,
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The estimates of the long-run parameters o and B' are shown in entry (I) of Table 3.
Because we interpret the relation as an equilibrium relation for stock prices, we have

normalized on this variable. The table also reports indicative standard errors of the

parameter estimates (in parentheses) and for each parameter, the critical significance
level of a Likelihood Ratio (LR) test of the null that the given patameter is zero
(squared brackets). For instance, the LR test of the null that profits are weakly
exogenous for the long-ruli Bérameters (0,=0) has a critical significance level of

64.9%.

All B'-coefﬁcients are highly significant. Among the a-loadings, only the loading in

* the direction of the bond rate (a) is significant when using conventional significance

levels. In particular, the loading in the direction of stock prices (0,) appears to be :
insignificant which suggests that a deviation from long-run equilibrium has no effect !
on stock prices. These results may actually be interpreted as an indication that the
cointegrating relation identifies an equilibrium for the bond rate rather than stock
prices. However, this would imply that the bond rate could be explained by the levels |
of stock prices, profits and a deterministic time trend which seems to lack any
economic-theoretical or -intuitive foundation', This is in particular true in the Danish :
case where the stock market has been small compared to the bond market historically -
and where the bond rate, furthermore, has been determined mainly by the foreign I
bond rate since the capital account liberalization in 1982. Moreover, it tutns out that
the lack of a significant error-correction in the direction of stock prices may be
attributed to the small sample size. Thus, in the general version of the VAR model in |
(3) we have included several dynamic terms (lagged terms of AX,) which turn out to '
be insignificant empirically. Excluding these terms, we end up with a more .

parsimonious VAR model whete o, is significant at standard significance levels™. We

3 The implied relation for the bond rate would be (ignoring the constant term): i
b, =215r,~143q, - 0.076¢ 1
¥ Estimating the VAR model by Full Information Maximum Likelihood and using consecutive LR |
tests to exclude individual terms in the stock price equation, we end up with a well specified and i
(more) parsimonious VAR mode! where the stock price equation only includes a constant, the second |
lag of A, and the equilibrium-error from the cointegrating relation. Performing a LR test of the null
that @, is zero, we get a test statistic of 4.9, corresponding to a critical significance level of 3%. This
leads to a rejection of the null at standard significance levels, The result can be confirmed by single-
equation estimation of the dynamic stock ptice equation, Furthermore, using the two-step procedure of
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therefore adhere to our interpretation that the cointegrating relation determines an

|

equilibrivm for stock prices. ‘ k
|
Eniries (II) and (I1I) show the estimates of the (restricted) long-run parameters under
two hypotheses on the a-loadings. In (IT), we have assumed that profits are weakly
exogenous for the long-run parameters, that is, that an equilibrium error has no effect
- on profits (a,=0). This hypothesis is validated by the data as the reﬁevant LR test on o,
in the unrestricted specification (I) has a critical significance level of 64.9%. In (111),
we have assumed that both profits and the bond rate are weakly e)éogenous (0,=03=0).
This hypothesis is rejected by the data as a LR test of the nuil that‘:a2=a3=0 in (1) leads
1o a test statistic of 8.6 and a corresponding critical significance level of 1.4%.
By comparing entries (I) through (IIT), we find the ensuring result :that the estimates of
the coefficients in the cointegrating relation (the B*-vector) are rat}ller robust to the
assumptions on the a-loadings. We shall use the:‘foarsimbnious specification in (II)”,
leading to the following long-run equilibrium relation for stock prices (indicative
standard errors in parentheses) ;

i
|

@ q, —'-—151+1551t —072b, -0.057¢

0.17) (0.058) (0.015)

All coefficients are strongly significant and have the expected signs, The point
estimates of the coefficients of profits and the bond rate are signiﬁcantly different
from unity (which is the value expected from the theoretical framework of section 2)"
but the differences are not substantial in economic terms. According to the point

estimates, a permanent increase in the level of profits by 1% (continuous rate) will

Engle and Granger (1987), we find that the (con‘esponding) error-correction term has a very significant
effect on the short-run dynamics of stock prices, cf. below. )

5 (11 is preferred to (1) because it is (nore) parsimonious and hence leads to a more efficient
inference. Moreover, recursive estimation suggests that the B’-vector of (II) is more stable over the
sample period than that of (I). Recursive estimates for (1I) are shown below.

% The constant term is calculated to ensure that the deviations between actual stock prices and the
mode!’s fitted stock prices have a sample mean of zero,

7 This can be shown by formal LR testing (not reported). Indicative 95% confidence intervals for the
coefficients, constructed on the basis of the indicative standard errors, suggest that estimation
uncertainty can sustain a coefficient to profits of 1,22 and a coefficient to the bond rate of -0.83 as the
respective lower limits of the confidence intervals,
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ceteris paribus lead to a 1.55% increase in stock prices in the long-run, that is, when
prices have adjusted to their new equilibrium or fundamental value. This somewhat
stronger response than in the unit-elasticity case could be interpreted as an
‘overreaction’ in stock prices even in the long run, but could also merely reflect that,
the “true’ measure of profits of the firms considered is more volatile than the profit

proxy we have used. oo

A permanent 1% relative increase in the bond rate (e.g. from 10.0% to 10.1%) will in

the long run lead to a decline in the level of stock priceé by 0.72%. This

‘underreaction’ compared to the unit-elasticity-case is consistent with other findings

for the Danish stock market, see Nielsen and Olesen (1999b) and Olesen and Risager

(1999). Nielsen and Olesen (1999b) find that thé dividend-price ratio of stocks (the :

ratio of dividends to stock prices) responds less to innovations in the bond rate than “

one should expect in the unit-elasticity (Gordon Growth Model) case. Olesen and

Risager (1999) find that stock returns tend to respond less than one-to-one to changes

in bond yields at the 5- and 10-year investment horizons. A one-to-one relationship

would be the outcome under a simple no-atbitrage relation, saying that the éxpected

retutn on stocks equals the expected return on bonds plus a risk premium. Actually,

our estimate of the bond rate elasticity comes close to the estimated long-run

relationship between the 10-year stock return and the 10-year bond yield in Olesen

and Risager (1 999)18. Possible explanations of this ‘underreaction’ in stock ptices are

that investors may expect innovations in the bond rate to be partially transitory, of. |

Nielsen and Olesen (1999b), or that bond retutns are taxed at a higher rate than stock : i
|

returns, cf. Olesen and Risager (1999). i

The time trend is highly éigniﬁcant. This shows the importance of taking account of
the growth in the nominal value of outstanding stocks. The estimated coefficient

suggest;. that aggregate stock prices on average and in the long run tend to decline by
a (continuous) rate of 5.7% per year due to new issuances that increase the number of

stocks over which profits Lave to be distributed. The point estimate of 5.7% comes

% Olesen and Risager (1999) estimate a bond yield coefficient of 0.71 in & cointegrating relation for
the 10-year stock return.
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close to the average growth rate of 8.0% in the actual m‘lmber of outstanding stocks on

the CSE, see section 2. Performing a statistical test, we find that e}stimation

uncertainty can account for the difference'. ‘

1

Finally, we note from Table 3 that the sign and magnitude of the estimated loading in
the direction of stock prices (0= -0.287) is consister:t with the interpretation that the
cointegrating relation determines a long-run equilibrium (fundam%:ntal) level of stock
prices. Thus, if stocks are currently (say) overpriced, that is, if stoLk prices currently
are above their fundamental value (Qt>Q:), prices will tend to deci:line in the next
period by a fraction of the amount of mispricing. The estimate of ¢, suggests a

- simultaneous adjustment in the bond rate, Hence, the bond rate tends to decline
whenever stocks are overpriced, and vice versa. This reinforces th?e adjustment to
long-run equilibrium because a decline in the bond rate leads to aljl increase in the

fundamental value of stocks, and vice versa. ’

y
<TFigure 5 > i

<Figure 6> -

We have perf_omled two types of tests of the robustness of the estimated long-run
model. First of all, we have tested whether results are stable over time by performing
a recursive estimation of the key parameters. Figure 5 shows the recursively estimated
eigenvalues of the (unrestricted) IT-matrix. All three eigenvalues seem faitly stable.
This suggests that the conclusion that there is one and only one cointegrating relation
in the data is robust over time. Figure 6 shows the recursive estimates of the p’-vector,
having normalized on stock prices and assumed that profits are exogenous (0,=0). The
result is that the coefficient estimates are reasonably stable over time. Finally, it can
be shown by recursive testing (not reported) that restricting profits to be exogenous is
a valid hypothesis over the entire sample. We therefore conclude that results are stable

over time.

' A LR test of the null that the (true) coefficient of the trend is 8.0% (B,"=0.08), gives a test statistic
of 1.8, The critical significance level is 18.3%.
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Secondly, we have checked (indirectly) whether results are affected by the relatively

small sample size of our study. Evidence suggests that the cointegrated VAR method

of Johansen (1996) or more precisely, the embedded tests for cointegration and tests
of hypotheses on the long-run coefficients, may suffer from a poor small sample
performance (size distortions and low power of tests), see e.g. Gonzalo and Lee
(1998), Juselius (1999) and Johansen (1999). To get an indication of whether results
have been distorted by the éxiall ;ample size, we have re-estimated the long-run
model for stock prices using an alternative estimation method, that is, the single-
equation two-step procedure of Engle and Granger (19§7) (EG2) combined with
methods suggested by Phillips and Loretan (1991) for testing hypotheses on the

- cointegrating vector, According to the Monte Carlo simulations in Gonzalo and Lee

(1998), the EG2 proceduré appears moxe robust than the Johansen (1996) method

when testing for cointegration in small samples.
<Table 4>

Table 4 reports results of the alternative estimation. In entry a, we have listéd the
candidate cointegrating vector estimated in the first step of the EG2 procedure. This isi
obtained by regressing (OLS) stock prices on a constant term, profits, the bond rate
and a time trend. Notice that the estimated coefficients come close to those estimated
by the Johansen (1996) method. In the second step of the EG2 procedure, we test
whether this regression represents a cointegrating relation by testing whether the
residuals are stationary. Performing an augmented Dickey-Fuller test (we have

included two significant lags of the first differences of the error-correction term whichi

results in a well specified augmented Dickey-Fuller tegression) of the null that the

residuals are non-stationary, that is, that we do not have cointegration, we get a test

statistic of -5.7. The critical small-sample test value at the 1% significance level is i
-5.1, ¢f. MacKinnon (1991). Hence, we clearly reject the null and conclude that there :

H
is strong evidence in favor of cointegration. Estimating an error-correction model, wei|
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can furthermore show that there is a highly significant er‘ror-correc%ion in the direction

of stock prices®.
Having established cointegration, we can perform tests on the coin{egrating vector, .
Because of a slow adjustment in stock prices or the regressors (profits and the bond
rate) being endogenous, current, past or future innovaéions in the regressors may be
correlated with the residual of the cointegrating relation, This leadél to non-standard
test distributions, cf, Hamilton (1994, Section 19.3). As a consequence, hypothesis
tésts on the cointegrating vector have to be conducted within an augmented regression
where the tests have well-known distributions, In Table 4, we repo:ft the outcomes of

- estimating two types of augmented regressions, the Phillips and Ldretan (1991) OLS
(PLOLS) regression where the static cointegrating regression is auémented by current,
lagged and leaded first differences of the regressors (results shown/in entries b
through d for three alternative lag- and lead-lengths) and the Philli]‘las and Loretan
(1991) Non-Linear Least Squares (PLNLS) regressmn which also mcludes lagged
error-correction terms (entries e through g for three altematlve lag- and lead-
lengths) *!. In the latter case, the appropriate number of lags of the error-correction
term is determined by a specific-to-general procedure, whereby laés are included until

the residuals of the augmented regression fulfill the white noise requirements.

The results in Table 4 show that the augmented point estimates of the cointegrating
vector are sensitive to the specification chosen. However, in most cases the
differences are of a magnitude consistent with estimation uncertainty (which
occasionally is large). Comparing with the estimates obtained by the Johansen (1996)
method, we find that except for the large bond rate elasticities obtained in two cases
(for N;=N,=1 for both the PLOLS and the PLNLS regression) the augmented
coefficient estimates come reasonably close. In particular, the deviations usually (with

the two exceptions mentioned) fall within one standard error of the augmented

2 The t-test statistic on the coefficient to the lagged error-correction tetm in a well specified
parsimonious error-cotrection model for stock prices is -4.2, implying that the error-correction term is
significant at any conventional significance {evels. Results are very similar to those repotted in
Appendix B where we estimate an error-correctlon model for stock prices, based on the cointegrating
relation obtained by the Johansen (1996) method.

2! See Phillips and Loretan (1991) or Hamilton (1994, Section 19.3) for an outline of the two methods.
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~ coefficient estimators. We conclude that the evidence provided by the single-equation |

analysis seems to support the earlier results.

4. Interpretation and Applications

The fit of the model in (4) is shown in Figure 7. The fitted value is interpreted as the
estimated fundamental value-ofistock prices, defined as the equilibrium level which
stock prices will approach in the long-run, The deviations between actual stock prices '
and their long-run levels show the degree of niispricing. These long-run residuals or
mispricing errors are plotted in Figure 8 together with a correlogram and a density

plot.

<Figure 7>

<Figure 8 >

We see that the long-run model tracks actual stock prices remarkably well over the
entire sample. This is reflected in the fact that any mispricing etror disappeats, that is,
is eliminated or replaced by an error of the opposite sign within a few years. The
observed maximum duration of a mispricing is seven yéars (corresponding to the
underpricing of stocks over the period 1974-1980) but on average an episode of
mispricing lasts only 3 (2.7) years. This low persistence of the mispricing error which
is also confirmed by its low degree of setial correlation reflects the strong

cointegtation in (4).

Even though a period of mispricing is usually short, the magnitude of a mispricing can

be substantial. The largest overpricing error in the sample is 0.40 for the year 1983,
corresponding to an overpricing of stocks by 49% relative to their fundamental value.:
The largest magnitude of an underpricing occurred in 1979 with a 27% undervaluation
of stocks relative to fundamental value (a mispricing error of -0,32), As is evident ‘

from the density plot in Figure 8, the sample distribution of the mispricing error

comes close to the normal distribution. In fact, according to the test of Doornik and
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Hansen (1994) we can not reject the hypothesis that the error distrijbution is normal®,
The sample standard deviation of the mispricing error is 0.160 whi1ch implies that
95% of the errors in the unconditional distribution fall in the range/between -0.31 and

|
+0.31, i.e., in the range between an underpricing of stocks by 27% land an overpricing

of stocks by 37% in relative terms.
<Figure 9> ;

The contributions by the individual determinants of stock prices are illustrated in
Figure 9. This figure shows actual stock prices, the fundamental le‘yel of stock prices
- implied by (4) and the contributions by the bond rate (the bond rate term in (4)) and
‘profits per share’ (the sum of the profits and the trend terms in (4)), respectively. The
latter component is constructed as the sum of the contributions by total profits and the
_trend (the nominal value of outstanding stocks) and is, tentatively, ;interpreted asa
proxy for the profits per share. In order to use ag’gmmon scale, all %eries are

|
normalized as deviations from their respective sample means.

As we might have expected, the strong trend in stock prices is (ptimarily) the result of
the trend in profits per share. From 1951 to 1998 total profits have on average
increased by 7.7% pet year (continuous growth rate). Adjusting for the growth in the
nominal value of outstanding stocks (5.7% per year), the trend in profits per share has
according to (4) contributed by an annual growth in stock prices of 6.2% per year, For

compatison, actual stock prices have increased by 7.4% per year over the sample.

Profits (per share) dominates the bond rate in modeling the long-run trend in stock
prices. However, the bond rate is important in explaining the observed variations in
stock prices around their long-run trend. In particular, the bond rate is the crucial
variable in explaining the evident split of the Danish stock market into bearish and
bullish subperiods. Thus, reflecting an almost continuous increase, the bond rate rose

from 6.6% in 1951 to 21.4% in 1982. This represents more than a trebling or a relative

2 The Doornik and Hansen (1994) test of the null that the mispricing error is normally distributed
gives a test statistic of 1,1 which has to be compared to the x*(2)-distribution. The critical significance
level is 57%, leading to an acceptance of the null at any conventional significance levels.
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increase by 3.8% per year (continuous growth rate). The rise in the bond rate
increased the discount rate by which future profits were discounted and, hence,

dampened the growth in stock prices. According to (4), the bond rate can account for a

decline in the fundamental value of stocks by 2.7% per year over the period from
1951 to 1982. The latter roughly mirrors the difference between the average capital
gain over the bearish period (4,0% per year) and the average capital gain over the
entire sample (7.4% per ye;ﬁs. Likewise, the trend in the bond rate following 1982
explains the subsequent bullish stock market. From its high in 1982, the bond rate
declined to 4.2% by 1998, corresponding to only one ﬁﬁh of the 1982-level or a
relative decrease by 10.1% per year. According to (4), this enhanced the growth in

- stock prices by 7.3% per year. The latter is significantly larger than the difference

between the average capital gain over the bullish period (10.1% per year) and the
average capital gain over the entire sample (7.4% per year) which reflects the fact that |
growth in profits was below average in the bullish period, cf. Figure 9. In explaining
the bear and bull market characteristics of the stock market, it is interesting to note
that the behavior of profits actually works in the opposite direction. Hence, the fastest
(above average) growth in profits occurred in the period fiom the late 1950.5 to the
early 1980s (the bearish period) whereas growth in profits was relatively slow in the
following period (the bullish period). The changes in the bond rate more than

compensates for this behavior of profits™.

The explanatory power of the bond rate is evident when examining the behavior of theg
growth-adjusted stock prices (stock prices relative to nominal income). These do not .
exhibit the same strong time trend as the level of stock prices. By re-formulating @),
we can immediately derive a model for growth-adjusted stock prices. Thus,

subtracting (log-to) nominal income on both sides of (4), using the fact that profits can,

be written as the product of nominal income and the profit share (by the identity

2 Byen though an exact dating is difficult, the turn in the stock market seems.to occur already in 1980,
that is, two years before the decline in the bond rate. This earlier turn-around could, in principle, be
explained by more temporary featutes such as the fact that stock prices according to (4) were :
significantly below their fundamental value in 1980. This underpricing disappeared from 1980 to 1982,
Moreover, profits increased significantly in 1981 and 1982, leading to an increase in fundamental stock
prices.
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i

defining the profit share) and re-arranging terms, we get the fo]low“ing (implied) long-
|

run model: ‘

|

) v, = —151+155ny, —0.72b, +055y, - 0057t

.
qy, denotes growth-adjusted stock prices, y, is the measure of nominal income and zy,
is the fraction of profits out of total income, all in logs. According to (5), the growth-

A\adjusted stock prices are driven by four components. In economic terms, the most
interesting are the first two, the profit shate and the bond rate. Grojwth-adjusted stock
prices will ceferis paribus increase, that is, stock prices will outpace growth ir}

* nominal income, whenever we see an increase in the profit share. This is because an
increase in the profit share means that a larger fraction of total income in the economy
accrues to stock holders. Because of the usual discount rate effect, an increase in the
bond rate leads to a decline in the growth-adjusted stock prices, irrjlplying that stock
prices will grow by less than nominal income, Iﬁe trend term captures as before the
growth in the nominal value of outstanding stocks. Finally, (5) includes an income
term which reflects the result that innovations in proﬁts‘ and, henc;, broad income y;
have a more than proportional effect on the level of stock prices. An increase in
nominal income will therefore lead to an increase in the gro“rth-aqjllsted stock

pricesz".

< Figure 10>

Panel a in Figure 10 shows the fit implied by (5). In calculating the growth-adjusted
stock prices, we have used private sector GDP in current factor prices as the income
measure, This corresponds to our measure of profits. Accordingly, the profit share is
calculated as the ratio of gross operating income to GDP in factor prices, both for the
private sector. This figure is basically a ‘mirror image’ of Figure 7 as the residuals are

identical across the two figures. Panel b illustrates the contributions by the individual

2 Re-formulating (2), the implied model for growth-adjusted stock prices is in general (ignoring the
error term);
(57 a, =Bo+ By, + B8, + By, (B =Dy,

In the unit-elasticity case B,=1, the income tetm disappears.
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components of (5), showing the trend and the income terms together as a single

‘residual component’. In Panel ¢, we illustrate the explanatory power of the bond rate, |
having omitted the other components for expositional reasons. We observe that the by i
far mést important component in explaining the long-run behavior of growth-adjusted 5
stock prices is the bond rate, In particular, the bond rate almost by itself explains the
continuous decline in growth-adjusted stock prices until the beginning of the 1980s
(the bear market) and the )sﬁlgsequent continuous increase (the bull market),
confirming the eatlier insight obtained from the stock price model. The profit share
has some explanatory power. Our measure of the proﬁi share shows an almost steady

declining trend from 1951 where the profit share was 49% until (around) 1980 where

- jt reached a low of 38%. According to (5), this shift in the profit share can explain a

decline in (growth-adjusted) stock prices by 1.4% per year (continuous rate) over the .
same petiod. Following a petiod of a steady increasing trend, the profit share was
almost restored by 1998 (45%). This reversal increased the (growth-adjusted) stock
prices by an equivalent 1.4% per year in the petiod from 1980 to 1998. Hence, the
behavior of the profit share is consistent with the bear- and bull-market pattetn of the
stock market. However, the variations in the profit share have been rather n'mdest and
the explanatory power is therefore much lower than for the bond rate. Finally, the
‘residual component’ has some significance towatds the beginning and towards the
end of the sample, reflecting the fact that income growth deviated from its mean in
these two periods. However, in most of the sample this component is fairly constant

and can, hence, be ignored in explaining the behavior of growth-adjusted stock prices.

Our model also contributes to an understanding of the surge in the stock market in |
recent years. From late 1995 to late 1998, average capital gains amount to 18.5% per |
year (continuous rate), mainly reflecting the large capital gains realized in 1996 and :
1997. The contempotaneous decline in the bond rate can to a large extent account for |
these st‘ock price increases. Thus, by late 1995 stock prices were roughly in line with l

their fundamental value as implied by (4) (the mispricing error for 1995 is -0.037,

indicating a slight underpricing of stocks by 4% in relative tei*ms). The bond rate has -
fallen gradually from a level of 8.3% by late 1995 to 4.2% by late 1998 which

according to (4) has increased fundamental stock prices by 16.0% per year over the
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same petiod, see also Figure 9. At the same time, profits per share‘;have roughly been
constant. Consequently, actual stock prices have only increased by' slightly more than
fundamental stock prices from 1995 to 1998. This sugge'sts that th%: recent surge in the
stock market was to a large extent warranted by fundamental factors, that is, by the
decline in the bond rate. We can also conclude that st?ck prices were close to their
fundamental level by late 1998. According to (4), stocks were ovetpriced by 7.1% (the
mispricing error for 1998 is 0.069). Given the usual magnitudes ofL amispricing, we
interpret this as evidence that stocks were roughly fairly valued. However, it is also
interesting to note that the adjustment in stock prices differs s1gmﬁcant1y from that in
their fundamental level, cf, Figure 7. Prices show a substantial overreactlon in 1996

- and 1997 with stocks being overpriced by 37% relative to fundamentals by late 1997.
This mispricing was eliminated during 1998 as a result of a capltal loss on stocks and
the continued decline in the bond rate which led to a further i incredse in the
fundamental level of stock prices. ‘

A

< Figure 11 >

We have modeled the discount rate of investors by the nominal bond rate rather than a
real discount rate measure. The reason is that the bond rate leads to a strong
cointegrating relation for stock prices. As possible alternatives, we have experimented
with a comprehensive set of common proxies for a real discount rate. However, none
of these resulted in a cointegrating relation. To highlight this, we provide results for
two possible real discount rate proxies and these are the proxies that came closest to
sustaining cointegration, Both proxy the expected growth-adjusted real interest rate
used in the Gordon Growth Model, see section 2. We take account of real growth and
inflation by adjusting for the growth in nominal profits. Figure 11.a illustrates the
proxies. The ex post real rate is a perfect foresight proxy for the growth-adjusted real
interest rate. That is, the ex pos real rate for e.g. year 1972 is constructed as the
difference between the 10-year nominal bond rate in 1972 and the realized rate of
growth in profits in the 10-year period from 1972 to 1982. This assumes that investors
on average forecast growth in profits correctly. Because of the forward-looking nature

of the proxy, data is only available until 1988. The ex ante real rate is backward-
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looking as it uses the historical growth in profits as a proxy for the investors’ N
expectations about future profit growth. Thus, the ex ante real rate in (say) year 1972 |
is constructed as the difference between the 10-year nominal bond rate in 1972 and ]
the avérage growth rate in profits in the historical 5-year period from 1967 to 1972, .
This proxy is available from 1953, In terms of long-tun behavior, it is evident from
Figure 11.a that the ex anfe and the ex post real rates show a tesemblance to the
nominal bond rate. In parﬁéﬁiar, the hike in interest rates in the late 1970s and the
early 1980s is common to all three series. However, there are also differences. The
most important difference is that the real discount rate proxies fail to track the

increase in the nominal bond rate during the first two decades of the sample. From
1951 to the early 1970s the bond rate is roughly doubled which is a main contribution
in explaining the large fall in the growth-adjusted stock prices over this period, see '
Figare 10.c. In comparison, the levels of the real rate proxies are stable or declining in :
the same period. We can also note that the real rates and, in particular, the ex anfe real

rate decline very rapidly from the high levels in the early 1980s.

Using the two-step procedure of Engle and Granger (1987), we have estilnéted a
cointegrating relation for stock prices based on these alternative discount rate
measures. The residuals obtained from regressing (OLS) stock prices on a constant
term, profits, a deterministic trend and each proxy in turn (the first step of the
procedure) are shown in Figures 11.b and 1 1.¢®. These also include the residuals from
the cointegrating relation where the nominal bond rate is used as the discount rate
measure. This is the relation outlined in the single-equation analysis of section 3, see i
Table 4 (entry a). For both real rates, we find that the residuals are very persistent, that '
is, there is a tendency for the residuals to be systematically negative or systematically i
positive several yeats in a row. In particular, the residuals are more petsistent than !
when using the nominal bond rate. It is mainly in the bearish period until the eatly !

1980s tﬁat the real rate relations suffer. Thus, from the mid-1960s to the early 1980s,

> Because the real rate proxies are negative in some of the years, the regressions include the proxies in
levels rather than log-levels. Notice that in the Gordon modet the real discount rate is not dllowed to be
negative because this would imply that the investor’s willingness to pay for stocks is infinitely large.
However, in the empirical model we include a constant term, cf. (2), so what matters are the variations
in the discount rate and not the levels,
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actual stock prices are systematically overestimated wheh using thc% real rates. The
bearish period includes the first two decades of the sample where tbe behavior of the
real rates differs most evidently from that of the nominal bond ratei The residuals
from the real rate relations also tend to be larger than the residuals from the bond rate
relation. The residual has a standard error of }9.8% and 27.2%, resbectively, for the ex
post and ex ante real rate relations. The standard erro; is 16.2% for the relation based

on the nominal bond rate.

We can test whether the regressions using the real rates form cointjegrating relations
by testing whether the residuals are stationary (the second step of the Engle and
Granger (1987) prdcedure)“. For the ex ante real rate, we get a Dickey-Fuller t-test
statistic of -2.6 for the null hypothesis that the residuals ate non-stétionary. The
critical test value at the 10% significance level is -4.0, ¢f. MacKinnon (1991). Hence,
we accept the null by a clear margin and conclude that cointegratic;n is strongly
rejected, Likewise, for the ex post real rate, the I/)i’ckey-Fuller t-test statistic is -2.8
which should be compared to a critical test valu(e of -4.1 ‘at the 10% level. Again, we
strongly reject that the regression forms a cointegrating relation. Fillally, re.call from
section 3, that we find strong evidence of cointegration in the Engie and Granger
(1987) analysis when using the nominal bond rate as the discount rate measure. From
an empitical point of view, it therefore appears that the nominal bond rate performs

significantly better than common proxies for a real discount rate.

%6 Unit root tests show that the ex anfe and the ex post real rates are integrated of order 1 (tests not
reported). For the ex ante real rate (denoted by 1), the cointegrating regression is (indicative OLS
standard errors in parentheses):
A
g, = 041+027m, - 0.048y / +00561+u, (1953~1998)
(52)  (040) (0.013) (0.08)
For the ex post real rate (75, the regression is:
A
g, =—21.7+241n, — 0065y ,P ~0.135¢+u, (1951-1988)
(53 (0.40) 0.013) (0.03)
A

u, is the residual term, The test for cointegration in the second step of the Engle and Granger (1987)
procedure is in both cases conducted within a simple Dickey-Fuller regression without augmenting
terms. This lag structure is determined by a ‘general-to-specific’-procedure where we initially estimate
an augmented Dickey-Fuller regression with 5 lags and then successively remove insignificant lags at
the 5% significance level, The simple Dickey-Fuller regression is well specified, that is, there is no
evidence of serial correlation or heteroskedasticity in the disturbance term.
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We have focused exclusively on modeling the long-run behavior of stock prices.

However, the model may also be used in explaining and possibly predicting short-run ?

(1-year) movements in stock prices by formulating an exror-correction model (ECM)
which includes the adjustment to long-run equilibrium as part of the short-run
dynamics. In Appendix B, we have estimated such an ECM, using a single-equation
specification, The general insights are that the ECM bas power in explaining short-run
capital gains and that the ECI\;I term, capturing the adjustment to the long-run
fundamental level of stock prices, is an important explanatory variable; The most

significant explanatory vatiable is (the change in) the contemporaneous bond rate.

5. Conclusion

We have formulated and estimated an empirical model which performs well in
explaining the long-run behavior of stock prices. The model is simple as it only
includes two economic explanatory variables, profits and the nominal bond rate. Both
are highly significant in statistical and economic terms. Profits is the crucial variable
when modeling the strong long-run trend in stock prices whereas the bond rate is
important in explaining the large variations in stock prices around this trend, as
reflected in the behavior of growth-adjusted stock prices.. Despite its simplicity, the
model gives rise to a strong cointegration as any mispricing (deviation between actual
and fitted stock prices) disappears rather fast. All model coefficients are highly
significant, have the right signs and plausible ,r{mg“nitudes and are stable over time.

Furthermore, results appeat to be robust to the use of a small sample.

We interpret the modet as a model for the fundamental level of stock prices, defined
as the equilibrium level which stock prices will revert to in the long run, based on the
current levels of profits and the bond rate. Our definition of fundamental stock prices
is empirically motivated as the point of reference is the Way in which stocks have
been priced over a historical sample. Hence, when determining whether stocks are
fairly valued or not we examine whether the cutrent formation of stock prices differs

significantly from the way m which stocks have been priced historically. The

fundamental stock price may therefore also be given the interpretation that it
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determines what the level of stock prices ‘should be’ whén judged jﬁ'om the historical
experience about the relationship between stock prices and the pre\i(ailing levels of the
two fundamentals variables. We take results as evidence that we have established a
good model for this fundamental level of stock prices.

. \
As one application, the evident split of the Danish stock market into a bear market
period before 1980 and a subsequent bull market period can be explained by the
behavior of the bond rate. The decline-in the bond rate fiom 1995 fo 1998 also
contributes to an understanding of the recent surge in the stock malLket. By late 1998,
stock prices were roughly fairly valued, that is, in line with their ﬂndamental levels.
However, this only occurred after a substantial “overshooting’ in 1997. It is important
to notice that a fair valuation of stocks by 1998 does not exclude tlile possibility that
stock prices will decline in the future. The proper interpretation is ’Lhat we do not find
evidence of a significant mispricing error in the current level of stojck prices which in
itself will trigger a decline in stock prices as they’ %dj ust to their 10111g~run equilibrium
level. However, as a hypothesis we might observe (say) an increase in the l?ond rate.
By reducing the fundamental level of stock prices, this may lead t& a decline in actual

stock prices.

In spirit, our long-ran model is closely related to a model presented in a tecent market
study by a major Danish bank, see Valgreen (1999). He estimates a long-run relation
for stock prices using nominal GDP (GDP at market prices for the total economy) and
a nominal bond rate (5-year maturity) as explanatory vatiables. This formulation
comes close to ours, The main differences are that we take account of variations in the
profit share and include a trend as a proxy for the growth in the nominal value of
outstanding stocks. Valgreen (1999) estimates the relation for Denmark over the
period from 1981 to (early) 1999 while imposing a coefficient of one to GDP.
However, using the two-step procedure of Engle and Granger (1987), the estimated
relation is rejected as a cointegrating relation at any conventional significance level.

The lack of cointegration might possibly be explained by the short sample.
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In modeling stock prices, we use the nominal bond rate rather than a real interest rate |
measure as the relevant discount rate of investors. This is motivated by the empirical .
finding that the bond rate performs well in explaining actual stock price behavior and,
in }Sarticular, performs better than the set of common real interest rate proxies we have
examined. The explanatory power of the nominal bond rate could be interpreted as
evidence of ‘money illusion’ on behalf of stock investors, a possibility that has also
been addressed for the US ;t;)ck market by Modigliani and Cohn (1979) and Ritter
and Warr (1999). The result that the increase in the bond rate can account for the
bearish stock market period before the early 1980s is consistent with the findings of

Modigliani and Cohn (1979). They refer to the increase in the nominal bond rate when

- explaining the poor performance of the US stock market during the 1970s. Ritter and

Warr (1999) explain the US bull market over the last two decades by the decline in
inflation. This parallels our conclusion on the Danish bull market because the decline
in tﬁe nominal bond rate since the early 1980s mainly reflects the contemporaneous
decline in inflation. Following Ritter and Warr (1999), the Danish bull market could
therefore be interpreted as the outcome of a reduced impact of ‘money illusion’ on

stock prices:

In terms of the definition of fundamental stock prices, there is a difference to
Modigliani and Cohn (1979) and Ritter and Warr (1999). In the latter studies,
fundamental stock prices have a theoretical foundation as they are calculated on the
basis of a stylized Gordon Growth type of model. Their definition of fundamental
stock prices is intended to capture the valuation of stocks by a rational investor |
(within their specific theoretical framework). On the other hand, we have used an i
empirically motivated definition of fundamental stock prices. This implies that any
‘irrational’ components in stock prices, e.g. those arising from ‘money illusion’, are
actuallyl part of our measure of fundamental stock prices as long as they show up as I
empiriclally significant and regular components in actual stock price behavior. In
particular, it means that the nominal bond rate and not a real interest rate measure is
used as a fundamentals variable. This conceptual difference, for instance, explains i

why Ritter and Warr (1999) find that stocks are severely undervalued in the eatly

1980s whereas we find that stocks are close to their fundamental levels in (say)
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1982%, An advantage of using an empirical rather than a%heoretica:l approach is that
the valuation of stocks is not theory-dependent. It depends on a spejciﬁc empirical
model but a model that has proved useful in explaining actual stock price behavior

over a historical sample.

It should be emphasized that even though results may\suggest so, we have not
provided strict evidence in favor of ‘money illusion’. Thus, we have not explicitly
addressed the validity of this hypothesis. Moreover, the reason why the nominal bond
rate performs so well in explaining actual stock price behavior may% simply be that it
provides a good proxy for the latent real discount rate used by a rat;ional investor and,
* in particular, a better proxy than the real interest rate proxies we ha‘vc examined. To
quantify the discount rate of a rational investor is inherently difficult because we have
to take account of his rational expectations about future inflation ahd real growth, In

the case of a risk averse investor, we also have to include a risk prémium on stocks,

- all of which are unobservable. A further compligja’fion may arise frgm taxation. Hence,
if investment income is taxed, a rational investor will usé an after-tax discopnt rate.
The bottom line is that the discount rate of a rational investor can be a highly complex

" after-tax and risk-adjusted ex ante real discount rate and it may simply be the case that
the nominal bond rate shows a higher correlation with this ‘true’ discount rate than the
real interest rate proxies we have examined. Therefore, the empiric?l significance of
the nominal bond rate may not necessarily be inconsistent with rational asset pricing.
Our study does not differentiate between the ‘proxy’ and the ‘money illusion’
explanations. In particular, results do not depend on which explanation is the relevant
one. However, determining whether or not stock investors suffer from ‘money

illusion’ is obviously an interesting and important issue for future research.

2 The (possible) presence of ‘irrational’ components in our measure of fundamental stock prices, of
course, raises the subtle question whether a rational investor can beat the market, i.e., gain an abnormal
return even in a situation where the market is deemed fairly valued. The answer is not obvious as
indicated by the results of De Long et al. (1990). They show that ‘noise traders’ which by definition
are irrational can actually survive in a market where rational, but risk averse investors take positions
against them, Thus, in the end stock prices will persistently contain an irrational component (‘noise’)
and, moreover, rational investors will not gain an abnormal return. An analysis of this question is
outside the scope of the present paper.

g’r

1
. increase, we should apriori expect an increase in the nominal bond rate in the long
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Olesen (1998) tests the hypothesis that stocks hedge against inflation in the long run, -
that is, that the teal value of stocks will remain unaffected by inflation in the long run!
Using data for Denmark in the post-World War Il-period, the result is a strong suppor:t
to the hypothesis. As standard in the literature, the conclusion that stocks hedge
against inflation is based on a partial definition of an inflation hedge. That is, stock
prices are shown to respond one-for-one to a change in the general price level in a
situation where all other eié;lanatory variables (in Olesen (1998), real production and
the real discount rate) are kept constant. In interpreting the inflation hedge result, itis
useful to distinguish between two scenarios, v/z. a permanent change in the general
price level and a permanent change in the rate of inflation. The evidence in Olesen
(1998) shows that real stock prices are unaffected in the long run in both scenarios
provided that the remaining explanatory variables are unaffected. The latter secems as -
a reasonable assumption as long as the remaining variables are real magnitudes such
as réal production and a real discount rate. Hence, it is standard in most of the :
macroeconomic literature to assume that real variables are unaffected by nominal
variables in the long run. This is basically the propetty of ‘Classical Dichotomy’
between the real and the money sectors, which is the cornerstone of the Ne;)classical- i

Keynesian Synthesis of traditional macroeconomic theory, see e.g. Grandmont (1988).

As argued above, the evidence that the nominal bond rate is important in explaining
actual stock price behavior may be interpreted as an indication of ‘money illusion’ on
behalf of stock investors. If one accepts ‘money illusion’ as a behavioral assumption,
this will in general inflict on standard results in macroeconomic theory including a
violation of the ‘Classical Dichotomy’ property. ‘Money illusion’ also has
implications for the interpretation of the inflation hedge property of stocks. If we

consider the scenario where the rate of inflation is subject to a permanent (say)

run, as implied by the Fisher Parity. In the case of ‘money illusion’, investors will use !
this higher nominal bond rate as their discount rate when pricing stocks and real stock'i

prices will as a result decline in the long run. Hence, the real value of stocks will not |
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remain unaffected by changes in the inflation rate”, HoWever, in tﬂe scenario of a
permanent change in the general price level, it seems as a reasonab‘le assumption that
the nominal bond rate is unaffected in the long run even with ‘mon?y/illusion’. Asa
consequence, real stock prices will eventually remain unaffected. Tzhus, we should not
expect ‘money illusion’ to be detrimental to stocks” purchasing power when
considering changes in the general price level,

i
1

|
If we do not accept the assumption of ‘money illusion’ but rather interpret the

explanatory power of the nominal bond rate as the result of a high correlation with the
latent real discount rate used by a rational investor, stocks will as b“efore retain a stable
real value in both scenarios. This suggests a possible reconciling iq‘terpretation of the
inflation hedge result in Olesen (1998). Stocks will in the long run ‘retain a stable
purchasing power in the event of inflation as long as we consider variations in the
general price level or the rate of inflation within a given inflation rti’,gime, defined as a
regime where the long-run average inflation rate;i§ fixed. When wé consider shifts in
the inflation regime, that is, permanent changes (in the long-run levél of inflation, the
response in real stock prices depends on stock investors® discount rate and,.in
particular, how it adjusts to the regime shift. If investors suffer fror;1 ‘money illusion’,
real stock prices will change. If investors are rational, stocks will retain their

purchasing power.

We have set up a model which has proved helpful in explaining certain historical
features of the Danish stock market. A related question is to what éxtent the model is
also useful for prediction purposes. Being able to predict future stock returns is,
obviously, of interest to stock investors. It may also be important to policy makers if
they are concerned that an overvalued stock market might collapse and that this will
have a severe negative impact on the real economy and the financial sector, The
policy relevance of valuing and predicting the stock market has become increasingly
recognized in récent years, in particular, in the US and has, for instance, been

advocated on several occasions by the Chairman of the US Federal Reserve System,

% In the case of ‘money illusion’, we might observe a long-run impact on real production which also
has implications for real stock prices.
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see e.g. Sellon and Buskas (1999). This paper provides a simple empirical model for
the valuation of the Danish stock market. The mere essence of cointegration implies
some degree of predictability because we can predict that any mispricing error by
definition will be eliminated over time. However, the issue of predictability needs a .

closer examination and needs, in particular, to be quantified,

i
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Appendix A: Unit Root Tests ‘. |
The data series have been tested for unit roots, using both the Z‘-tesﬁ by Phillips and

Perron (1988) (PP), cf. Table A.1, and the unit root test by Kwiatkowski et al. (1992)
(KPSS), cf. Table A.2. The former test tests the null hypothesis of a unit root against
the stationary alternative while the latter tests the stati(gnary specification as the null,
treating the unit root specification as the alternative hypothesis. Both tests are
performed for a prior specified lag length, see the notes to the two tables. Given the

sample size, we report test statistics forup to six lags.

<Table A.1>

<Table A2 >

Using conventional significance levels, the PP test gives firm evideince that all series -
stock prices, profits and the bond rate - are integrated of order 1, i.e., that the series
are non-stationary in levels but stationary in ﬁrst{ﬁfferences. The KiPSS test confitms
this result for stock prices while the evidence for profits depends on the lag length, as
the KPSS test is indecisive between a unit root process and a stationary process with
long lags. However, the KPSS test may suffer from a very low povs)er for long lag
lengths, cf, the simulations in Kwiatkowski ez al. (1992), so we decide on the unit root
alternative. For the bond rate, the KPSS test indicates that this seties is integrated of
order 2, i.e., that the series is also non-stationary in first differences, when not
allowing for a deterministic trend. However, this test result is entirely driven by the
apparent negative trend in Ab, over the sample (cf. Figure 3) as the KPSS test leads to

the unambiguous result that Ab, is stationary when allowing for a trend in this series.

We, therefore, conclude the evidence that all series are integrated of order 1. This

conclusion can be confirmed by the augmented tests of Dickey and Fuller (1 979)

(results available on request).
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Appendix B: An ECM for Stock Prices :
Based on the cointegrating relation identified by the Johansen (1996) analysis, we can '
estimate a (structural) Error-Cortection-Model (ECM) for the short-run (1-year)
cﬁanges in (log-to-)stock prices, i.e., for the short-run capital gains, using as
explanatory variables the lagged and contemporaneous changes in the ‘fundamentals’
variables (profits and the bond rate) and an ECM-term which captures the adjustment
in stock prices to long-ruﬁ equilibrium. In this Appendix, we provide preliminary
results, where we, for simplicity, have used a single-equation approach to estimate an
ECM (rather than a more appropriate simultaneous approach, such as e.g. FIML

estimation of a structural VAR model). We recognize that this approach may lead to

" inconsistent estimates of the dynamic coefficients because contemporaneous values of

stock prices and the fundamentals variables may be determined simultaneously and, in'

this case, the regressors will be endogenous (correlated with the residual term in the

stock price equation).

We use a ‘general-to-specific’ approach where we start out with a fairly general ECM :

for stock prices, having included up to five lags of the first differences of stock prices, :

profits and the bond rate. We estimate a structural ECM as we include the
contemporaneous changes in the fundamentals variables. We also include two impulse
dummies, one for 1972 and one for 1983, to exclude the extraordinary high capital
gains observed in these two years. These extreme observations can be attributed to
exceptional changes in the Danish economy, cf. I\}ote 1 in the text, and we do not
intend to model these changes. Having estimated the general model, we test for
significance of the individual terms (t-test) and, consecutively, remove the
insignificant terms. Using a 5% significance level, we end up with the following
parsimolnious ECM for stock prices, estimated by OLS ov.er the period 1952 to 199§ A

(standard errors in patentheses):

-

Aq, = 0.097- 0,668 Ab, + 0202 Ab,_, +1.04 Ax, — 156 A,
(0.11) (0.44) 0.38)

©.016)  (012)

+0298d72, + 0483483, ~0511ecm, , +¢,
(0.14) (0.13) (0.13)

(B1)
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]
ecm,,, is the (lagged) error-correction-term, defined as the residual (ﬁn the previous
period) from the cointegrating relation for stock prices in (4). 72, ajnd d83, are the

|

impulse dummies and &, is the residual of this dynamic equation.

< Figure B.1 >
<Table B.1 >

The fit of the ECM is depicted in Figure B.1 and the outcome of specification tests are
reported in Table B.1. The specification tests show that the model ié; well specified as
~ there is no evidence of serial correlation or heteroskedasticity in thej residual term.

- Moreover, the model gives a good fit to the short-run fluctuations in stock prices.
Excluding the two dummy years 1972 and 1983, the model explain$ 56% (= the
coefficient of determination) of the sample variation in capital gain;s (when including
1972 and 1983, the coefficient of determination is 73%). This appe?rs tobea
satisfactory result, when recalling that the modelﬂef(plains the ﬂuctdations in stock
prices over a short (1-year) horizon, |
With the exception of Ab,.; (which is retained in the model to keep it well specified),
all coefficients are significant at the 5% significance level. The most significant
explanatory variable is the contemporancous change in the bond rate, Ab, (t-test
statistic of 5.4). The bond rate exerts a strong negative influence on stock prices, with
a 1% relative increase in the bond rate ceferis paribus leading to a Q.67% decline
(continuous rate) in stock prices over the same 1-year period (and vice versa). The
contemporaneous change in profits, A, has a significant positive effect on stock
prices in the short run, with a change in profits inducing a roughly propottional
change in stock prices over the same period (coefficient of 1;04). We find that the
short-run effects from the fundamentals variables are of the same sign as the long-run
effects, cf, (4), but according to the point estimates stock prices are (slightly) less
sensitive to chahges in the fundamentals variables in the short-run (in the
contemporaneous petiod) than in the long-run, suggesting an element of (immediate)

‘underreaction’.
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We observe that the error-correction-term is highly significant with a t-test statistic of
4.0. This shows the importance of incorporating the long-run equilibrium relation for
stock prices when modeling the short-run capital gains. The estimated adjustment '
coefficient of -0.511 is consistent with a slow and smooth adjustment to the
equilibrium or fundamental level of stock prices in the long-run. The estimate implies
that roughly half of any mispricing error, relative to the cointegrating relation, is
eliminated, ceferis paribu;s", ;;ithin one year which, at an informal level, seems

consistent with the evidence on the duration of a mispricing provided in section 4.

Ve
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Figure 1. Stock Prices
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Note: Straight lines indicate trend in stock prices,éf/er subsamples 1948-1980 and 1980-1998,
respectively. The trend is estimated by a regression (OLS) of stock prices on a constant term
and a time trend. 1 .

Source: All-Share Stock Price Index by Statistics Denmark.
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Figure 2. Real and Growth-Adjusted Stock Prices
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Figure3. The Data .
Levels and first differences of (by row and from the top) stock prices, profits and the

bond rate (all in logs), 1948-1998.

:‘ ] w/\’\/‘wl\ VI\V YAV V\’M

e e isEe 1950 dboo 1930”1960 1970 980 19902000

7L 21
A5t
16}
At
15}
05}
“f 0 DN U
1 1 1. o, PR SRS | L L 1 el 0 ‘1980 ]990 2000
1950 1960 1970 1980 1990 2000 1950 1960 1970
3 bt St Ab(
25}

251

I /\«f\/\f\/m AN

! ] v \J va\;\

, "
500 1950 960" 1970~ 1980 " 1990 2000

<

1950 1960 1970 1980 1990

A Simple Explanation of Stock Price Behavior 241
Figure 4. Diagnostic Graphics for the VAR Model
Actual and fitted values (in levels), residuals, residual correlogram and residual
density for the equation for (by row and from the top) stock prices, profits and the
bond rate.
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Figure 4, continued.
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Note:  Density plots include standard normal density for comparison (thin curve).
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Figure 5. Recursive Estimates of the Eigenvalies ' Figure 6. Recursive Estimates of the Cointegrating Vector .
Eigenvalues labelled by numbers 1 to 3, 1970-1998. Recursive point estimates (solid line) and 95% confidence bands for the coefficient.to,
0.6 respectively, profits, the bond rate and the time trend, 1970-1998.
——\___\\ . Cointegrating rank 1, cointegrating vector normalized on stock prices, and profits
0.5 No. 1 restricted to be exogenous for long-run parameters (a,50).
Ay
0.4 4 P
) ; S Coeff, to profits ([32‘)
03 No.2 ‘ AN e e,

02} ‘ ; 1.5} \A/"\/—/MQ—\\\W’\

. R .~ . . Lo [ 1 L 1 i
o4 et N3 Tl LT e e 1970 1975 1930 1985 1990 1995 2000
° . ; \ sl / e - / et et et e emers et e
[7e] ©
5 & B @ & & @& | o -
______ S Coeff, to bond rate (B; )
p i 4107 1975 1980 1985 1990 1995 2000

J
2000




’ 244
hapter 6 ‘ :
Chapter i A Simple Explanation of Stock Price Behavior 245
i
| j ! '
Figure 7.  Stock Prices: Actual and Long-Run Fit Figure 8. Mispricing Errors :
1951-1998 ‘ Values, correlogram and density of residuals from cointegrating relation, 1951-1998.
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Note:  Density plot includes standard normal density for comparison (thin curve), The sample
standard deviation of the residuals (using T-1 as degrees of freedom) is 0,160,
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Figure 9. Stock Prices and Contributions by Components
16511998 | Figure 10.a. Growth-Adjusted Stock Prices:
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Figure 10.b. Contributions by Components
’ | Figure 11.a. Alternative Discount Rate Measures
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Figure 11.b. Cointegration Residuals: : Table1.  Specification Tests of the VAR Model !
Ex Ante Real Rate vs. Nominal Bond Rate Estimation sample 1951-1998 i
Multivariate tests:
Vector Autocorrelation order 1 F9,75) = 0.81 [0.61] 5
Vector Autocorrelation order 2 F(18,79) = 120 [0.28]}
Vector Autocorrelation order 4 F(36,65) = 142 [0.11]
Vector Autocorrelation order 6 F(5448) = 132 [0.16]
Vector Heteroskedasticity (squares) F(120,65)= 045 [1.00]
. Normality 6 = 865 [0.19]
Univariate tests:
Ag A Ab,
Autocorrelation order 1, F(1,35): 0.65 [0.43] 2.97[0.091 * 0.98 [0.33]
Autocorrelation order 2, F(2,34): 0.37 [0.70] 1.56 [0.22] 0.69 [0.51]
Autocorrelation order 4, F(4,32): 1.24 [0.31] 0.74 [0.57] 0.37 [0.83]
. Autocorrelation order 6, F(6,30): 1.33 [0.27] 0.78 [0.59] 0.43 [0.85] i
06 \ ARCH (1), F(1,34): 0.31 [0.58] 0.48 10.49] 0.33 [0.57] !
’ ’ Heteroskedast (squares), F(20,15): 0.58 [0.87] 0.49 [0.93] 0.43 [0.96] i
[E8Nominal Bond Rate WEx Ante Reel Rale | : Normality, % (2) 9.58 [0.01] *+*  1.65 [0.44] 4,52 [0.10]
: ‘ j Goodness-of-fit: |
‘ P ’ 0.99 1.00 0.96 i i
i o Rosiduate: | o, 0.203 0.040 0.138 Lo f ¥
Figure 11.c. _Cointegration Resicuals: i Note:  The VAR model has a lag length of 3 and includes an impulse dummy for 1960. F-tests are smnl! ' :

. i d Rate i
Ex Post Real Rato vs. Nominal Bon sample approximations to Lagrange Multiplier tests, being adjusted for degrees of freedom. Normality teslt : i

by Doornik and Hansen (1994). For a description of the tests, see Doornik and Hendry (1997). Critical |

significance levels in brackets, * , ** and *** indicates misspecification at the 10%, 5% and 1% significance

level, respectively. p denotes the correlation between actual and fitted values for each equation. o is the | :

estimated standard deviation of the residuals. ?‘
i

| E¥Nominal Bond Rate BEx Pgs_!;i_!_eia_'l Rate |

Note: Ex ante real rate = difference between the 10-year nominal bond rate and the growth rate in
profits in the preceding 5-year period. Ex post real rate = difference between the bond rate and the i
growth rate in profits for the same 10-year period. : i
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Table2.  Cointegration Analysis in the VAR Model : )
Estimation sample 1951-1998 | Table3.  Hypothesis Testing ' '
|
Cointegrating rank; ‘ Parameter a-loadings . Cointegrating vector
Rank(ID) (r =) 0 ; i 2 restriction
an r= ! + * * +
i : o : 0 o o3 $h B2 Bs Ba
Eigenvalue 0.49 0.29 0.07 o L
k I) Unrestricted -0.361  -0.035 -0.557 1 -1.504  0.699 0.
B bk v 90,1 *F 35 - . . .053
E:E: ::2: o fordy? ‘fg:g " ?g‘; > 7 (0.299) (0.065) (0.196) - (0172) (0.059) (0.015)
: . ! ; - [0.241]...[0.649]1 [0.004] [0.000] {0.000] [0.000] [0.010]
95% critical value (standard) 422 25.5 12.4 = !
95% critical value (simulated) 365 19.9 NA ) o,=0 -0.287 0 -0.558 1 -1.554 0720 0.057,
Standardized eigenvectors B*: , . R , 0.272) - (0.192) - (0.171) (0.058) (0.015)
By . B2 | B3 [0.270} - [0.004] [0.000F [0.000] [0.000] [0.000}
Qt . 1.000 -0.050 i 1.212 :
sz -1.504 1.000 1.006 (1) op=03=0 -0.867 0 0 1 -1.556  0.687  0.056
b, 0.699 -0435 - 1.000 . (0.160) - - - (0.201) (0.068) (0.017)
t 0.053 -0.079 i -0.133 . - - - - [0.000] [0.000] '[0.000] [0.004]
Standardized loadings o 37 . .y . Note:  All estimations are conducted with cointegrating rank restricted to 1. In (II), profits are assumed to
B,1X, BX, B; X, be exogenous for the long-run parameters. In (III), both profits and the bond rate are restricted to be !
Aq, -0.361 -0.438 0.062 ~ gxogenous, Numbgrs in parentheses are indicative standard errors of the parameter estimates, Numbers in|
A, v -0.035 -0.164 -0.004 'squ?red brackets give the critical significance level of a Likelihood Ratio test for significance, i.e., for
Ab, 0.557 4 0.094 | -0.044 test!ng the n.ull that the specific parameter is zero. Cointegrating vector is normalized on stock prices, When
y i testing for signficance of stock prices, the cointegrating vector is normalized on the bond rate. .

Note: Maximum Likelihood Estimation by the procedure of Johansen (1996). The trace tests test for each |
value of r the null hypothesis Hy: rank(IT)<r against the alternative Hy: rank(I1)>r. The null is rejected iff the ) !
trace statistic is larger than the critical value. The first (standard) critical values are from Johansen (1996,
Table 15.4). The second (simulated) set of values are obtained using the simulation program DisCo, taking . ! !
account of the dummy for 1960. *, ** and *** denote rejection of the null at the 10%, 5% and 1% i |
significance level, respectively, using the simulated critical values. ‘ .
The standardized eigenvectors are normalized on the diagonal wit, the endogenous vatiables. Corresponding
a-loadings.
NA: Not available in DisCo. : :
n The asymptotic trace test of Johansen (1996). :
2 Small sample approximation to the asymptotic trace test, obtained by adjusting for degrees of
fre.edom, cf. Reimers (1992).
2 Xy = (qumbyt)’
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Table 4.  Estimates of the Cointegrating Relation: _
: : Table A.1. Phillips and Pe 1988) ZTest for Uni
Single-Equation-Analysis ; | -1 p rron (1988) ZTest for Unit Root :
g q y I 1948-1998
— i |
The regression is: i ., . ‘ , Lag length (1)
4, =Bo+Bm, +Bb +B:'+‘§'YIJA"1—1+’§715Ab:—1+§¢12"m:—1+V: » where ecmy = q,~Bo~Bmt, = Bb, — Byt Series: 0 1 . 2 3 4 5 6 ) ‘
The static cointegrating regression is augmented by current, leaded and lagged first Levels: : '
i ilibrium-correction- T in :
f(ilfference‘s gf Tt; ?g b,l,\I tmlc\lI lag%e;l\] equxhb;‘llum (Eortr}ect;-onttenlns ecm,: he augmenting _ @ (D 235 218 216 215 213 212 213
erms, as indicated by N, N, and N3, are shown in the 1irst column. m () -1.02 -1.215° %128 -1.34 -1.38 -1.42 -1.46
: by -2.55 -2.56 -2.57 -2.58 -2.60%  -2.62%  -2.64*
Regression Estimation Coefficient Estimates irst diff
First differences:
sample (standard errors) rst ciilerences
i Aq . -8.96%*k g 9Pk g (4kick g [PHkk D4Rk 0 J0Rkk g 5(kkk
Bo B By | Bs ’ Am -5.62% % L5 62% kK 5 6o kkk 5 GDRkK 5 GFRAk |5 G4 kk 5 G5¥kk
Ab, 27.22%K% 7 23HEE L7 PPk LT D6k T D5kEk T Q0% kk 7 D0kk
a. Static 1951-1998 -14.2 1.50 -0.786 -0.0502 . - ) 720
3.1) (0.24) (0.070) (0.021) . Critical test values: 10% 5% 25% 1% .
PLOLS: : Without trend 260 293 322 -3.58 |
; , With trend -3.18 -3.50 -3.80 -
b. Ny=N,=0 1951-1998 -13.9 1.47 -0.793; -0.0478 3.8 415
. (2.5) (0.19) (0.0635 0.017) No'te: The Ph.illips and Perron (1988) Z-test statistic is a modified t-statistic for the null hypothesis of 4 !
¢. Nj=N,=1 1951-1997 -16.6 1469 -0.936. -0.0661 : um.t root (p=1) in the ﬁrs't order autoregression X;=o-+px,. -+, (without trend), respectively x=o+px, +5ttu, ! "
.9 (0.23) (0_079>\ (0.019) (with tr.end), where the disturbance term u, has mean zero but can otherwise be heterogeneously distributed '
4 Nj=N;=2 1951-1996 15.9 1.64 -0.803 -0.0659 . and serially con'e!ated.up to lag /, see also Hamilton (1994). The null is rejected in favor of the stationary
2.1) (0.16) (0.057) (0.014) alterr}auve (p<1) if Z, is negative and sufficiently large in numerical value. Critical values are from : i
PINIS Hamlltou'(l?%, Table B.6) for a sample size of 50. *,** and *** denote rejection of a unit root at 10%, 5% I
2 | and 1% significance level, respectively, All regressions include a constant term. (T) indicates that a
deterministic trend is included. '
e. N;=N,=0, N;=3 | 1951-1998 -12.9 1.39 -0.752 -0.0410 : :
(32) (0.25) (0.081) (0.022) 5 | Ii
f Ny=N,=1, N3=3 | 1951-1997 -18.0 1.80 -0.926 -0.0727 . ' X i !
(5.2) 0.41) (0.14) (0.034) : ; d
g Ny=N;=2, N;=4 | 1952-1996 -18.0 1.80 -0.830 -0.0770 ‘
6.4) (0.50) (0.14) (0.043)
Note:  Entry a shows results from estimating (OLS) the static cointegrating regtession, corresponding to ~
the first step of the Engle and Granger (1987) two-step procedure (no augmentation), Standard errors of
coefficient estimates are computed by OLS and are indicative only. Entries b through d give results from the
Phillips and Loretan (1991) OLS procedure (PLOLS). N;=0 in all three cases. The regressions are estimated
by OLS. Standard errors take account of serial correlation in the disturbance term (v;) by the method
suggested by Hamilton (1994, p. 608f). An AR(3) (AR(4)) specification is used in cases b and ¢ (case d). .
Entries e through g report results from the Phillips and Loretan (1991) NLS procedure (PLNLS), The . ' k
regressions are estimated by the Non-Linear Least Squares method. Standard exrors are calculated from 1 !
numerical derivatives of the sum of squared residuals. : ~ : \ |
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Table A.2. Kwiatkowski ef al. (1992) Test for Upit Root’

)

1948-1998 . :
Lag length (1) i

Series: 0 1 2 3 4 5 6
Lovels: :
q D 0.90%%%  ,51F¥* (37H** 030%%% (.25%xx 0.22%%* 0,20%*
m (T) 0.54%%%  20%k% (021%%  0.16%* 0.14% 0.12* | 0.11
b, T .80%ER 1.04%%k (. 74%%% 058%F  048%%  0.42% | 037*
b, (T) 0.03%%k  (52%k% (37Hk% (J0kk% 25k 22%F 0.20%*
First differences: i
Ag . 0.14 0.19 022 0.24 026 | 030 | 031
Ay 0.25 0.21 0.20 0.19 0.18 0.18 | 0.17
Ab, 0.72%%  0.69%%  0.67%F  0.65%*% 0,63%* 059** 0.56**
Aby (T) 0.06 0.06 0.07 0.07 0.07 0.07 0.07
Critical test values: - 10% 5% 1% ‘
Without trend 0.35 0.46 0.74 ‘
With trend 0.12 0.15 6,0.22 ‘ 1

£

Note: The Kwiatkowski et al. (1992) test for unit root is aLagrange Multiplier test of the null hypothesis
that the series can be described by a stationary process (possibly around a deterministic trend) o'f lag 'len_gth !
against the alternative that the process also includes a random walk component, The {u}ll of stationarity is
rejected in favor of the unit root alternative if the test statistic is sufficiently large. Critical values are from
Kwiatkowski ef al, (1992). *,** and *** denote rejection of the null (uhit root is present) at 10%, 5%'and
1% significance level, respectively. (T) indicates that the null hypothesis is trend-stationarity. Otherwise, the
null is mean-stationarity.
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Figure B.1. Annual Capital Gain on Stocks: Actual and Fit
19521998

08

) Note: Capital galn is calcutated as the (backw ard looking) 1-year change In log-to-stock prices.

Table B.1. Specification Tests of the ECM
Estimation sample 1952-1998

0.07 [0.80] |

Autocorrelation order 1 F(1,38) =

Autocorrelation order 2 FQJ37) = 079 {0.46] |
Autocorrelation order 3 F(3,36) = 054 [0.66] :
Autocorrelation order 5 F(5,34) = 107 [0.39]

ARCH (1) F1,37) = 0.02 [0.89]
Heteroskedasticity (squares) : F(12,26) = 099 [0.48] i
Heteroskedasticity (cross-products) F(22,16) = 0.57 [0.89] !
Normality Y2y = 004 [0.98]
Memo: c,=0.119 !

Note:  F-tests are small sample approximations to Lagrange Multiplier tests, being adjusted for degtees <;>f
freedom. Normality test by Doornik and Hansen (1994). Critical significance levels in brackets. o is the /)

estimated standard deviation of the residuals.

'
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A Description of the Stock and Bond Mdrket Data
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- Annex: A Description of the Stock and Bond Market Data*

This annex documents briefly the key data series used on the stock and bond markets. The
data source is the “Danish Stock Matket and Macroeconomic Database” (the 1997, 1998 and
1999 versions) by Steen Nielsen, Jan O. Olesen and Ole Risager, Department of Economics,
Copenhagen Business School, This database was originally constructed by Steen Nielsen and
Ole Risager for the period 19211995 and contains original data for dividend payments and
bond returns. The included series for stock prices is compiled by Statistics Denmark All the
data series described in the following are annual

1. _Stock Market Data

1.1. Stock Prices

The series for stock prices is identical to the official All-Share Stock Price Index
(“Totalindekset”) calculated by the Copenhagen Stock Exchange. This index is published by
Statistics Denmark in the Statistical Yearbook (“Statistisk Arbog”), Statistical News i
(“Statistiske Efterretninger”) and the Monthly Review of Statistics (“Statistisk ;
Ménedsoversxgt”) It is (now) calculated on a daily basis. The annual series in the database
uses the prices quoted by the end of December each year (last trading day), Data are avallable '
from 1921.

The stock price index describes the overall price development of Danish stocks listed at the
Copenhagen Stock Exchange. By 1998, the index comprises all listed stocks excluding stocks
in foreign companies, unit trusts (“Investeringsforeninger”) and a few holding companies |
(holding companies with the only purpose of holding stocks in affiliated companies). Neatly
250 companies were included in the index by late 1998, These cover the sectors of Banking,
Insurance, Commerce and Services, Shipping, Industry and Investment Trusts. The sample of
compames included in the compilation of the index has gradually expanded from around 50
companies in 1921 to nearly all Danish listed companies from 1983 and onwards. ’i

|
The index is value-weighted, that is, stocks enter the index with their official price wexghted
in proportion to the share of the overall market capitalization. Weights are changed at :
emissions and withdrawals from the exchange. i

|
In the entire period, prices have been corrected to remove the effect of the timing of dividend
payments. However, there has been a change in the correction method, Until 1983 a standard
rate (6%) of equity value was used for expected dividends, This was changed to share-specific
rates based on previous years® dividends. From 1983 a correction has also been made in case

of emissions with price discounts to previous stockholders to make return calculations reﬂ‘fect
it

i

_ UThis annex draws extensively on a note written together with Steen Nielsen and:;OIe
Risager, Copenhagen Business School, as a documentation of the database. The raw data set
has not been published but is available on request for the purpose of reproducing and checking
the results of this dissertation.
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actual return for the pte-emission investor. ‘

|
Further documentation of the All-Share Stock Price Index can'be found jn “Retningslinier for
beregning af aktieindeks - Totalindeks og branche-indeks”, January 1998, Copenhagen Stock
Exchange (in Danish).

A}

1.2. Dividend Yi ‘
To calculate the dividend yield, a sample of companies was chosen, The average dividend
yield in this sample is then viewed as an estimate of the dividend yield on the overall market
‘portfolio of stocks. ‘

i
The sample of companies is listed at the end of this annex, cf. section 3. In any year, our
sample covers between 50% and 80% of the total market capitalization at the Copenhagen
Stock Exchange (“Hovedbersen” and later “Bers 17).

For each company, the dividend yield is defined as dividend paid during the calendar year
divided by the stock price quoted by the end of the previous year. Thus, we assume, that
dividend payments do not earn interest until the following December. A deduction is made in
the beginning-of-period price whenever a discounted emission with dividend rights in the
current year has taken place. This takes account of the fact that in this case the stockholder is
receiving dividend payments on a larger portfolio. ‘ :

Individual companies’ dividend yields are finally aggregated by using their share of total
market capitalization in the sample as weights. ‘ :

Data are available from 1921.

1.3. __Total Stock Return : ‘ )
The total stock return equals the sum of the capital gain (calculated as the relative change in

the All-Share Stock Price Index, cf. section 1.1) and the dividend yield. That is, the one-year
return expresses the sum of the capital gain over the period and the dividends paid during the
year as a percentage of last year’s price. The return relates to an investment by the end of
December in a given year. :

The total return may be underestimated due to the assumption that dividends are not rein-
vested within the year. This bias may be important in particular until the beginning of the
1980s, where the dividend yield plays an important role for the total stock return. To illustrate
the bias, consider the following simple example: .

Over the period 192296, the average (arithmetic) dividend yield is 4.7% under the assump-
tion that dividends are not reinvested within the year. The average capital gain equals 6.6%
and the average total return, hence, equals 11,3%.

Case 1. Suppose dividends are paid out after 6 months. Suppose share prices increase
“lineatly” such that the semiannual increase equals 3.25%. In case dividends are reinvested
when paid out, the yield associated with dividend payments and reinvestment of these funds
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equals 4.85%. On top of this we have the pure capital gain equal to 6.6%. Total return is '

therefore 11,45% or 0.15% more than the estimate without reinvestment of dividends.

Case 2. Suppose dividends are paid out after 3 months. In this case, the quarterly growth rate
in stocks equals 1.61%. The resulting bias is 0.20%.

This bias makes our total return seties a conservative estimator of the market return. However,

" there may be a bias that works iii the other direction, namely, the bankruptcy bias.

Business bankruptcies were widespread in the beginning of the 1920s. The most famous c:jase
is the default of Landmandsbanken (the largest Bank) in 1922. Statistics Denmark therefore

- constructed two share price indexes; one without and one with Landmandsbanken, where the -

Jatter takes into account the losses associated with the bankruptcy of Landmandsbanken. We
use the latter index in the calculation of the capital gain component. On the basis of our own
data we have also checked Statistics Denmark’s calculation of the fall in the share price from
December 1921 to December 1922 (equals 29.1%). By calculating the value weighted fall in
share prices using the 26 shares we have for this year and using all available information |
including the bankruptey of Landmandsbanken and (partial) bankruptey of other firms (e.g.
Superfos), we arrive at exactly the same estimate as Statistics Denmark. i
Statistics Denmark does not, however, report how it has dealt with this problem subsequen:tly.
Hence, it is possible that the share price index is upward biased (in case there has not been|
proper adjustments for business failures). Casual evidence suggests that the magnitude of this
bias roughly equals the bias associated with the treatment of dividends, when we disregard
abnormal years like 1922, cf. Parum (1998)%, who estimates the bankruptcy bias to be between
0.35% and 0.45% p.a. over the period 1990-1996. ;

2. arket Data: 1,5 and 10-Year Bond Returns

Bond retuins are available for the 1, 5 and 10 year investment hotizons. The bond return is
constructed as the annualized yield-to-maturity on government bonds with approximately 1, 5 {
and 10 years to maturity, respectively. The returns relate to investments by the end of :
December each year. ’

In cases where no bonds with the desired maturity exist, the Government bond that comes
closest in maturity is chosen. Consequently, the maturity of the 5-year horizon series typically
varies from 4 to 6 years. The lowest maturity is 1 year and 7 months and the highest is 10
years and 8 months, both occurting in the thirties where the outstanding stock of Government
bonds were exceptionally low, The typical matutity of the 10-year series is 9 to 11 years, the -
lowest being 6 years and 9 months (for the year 1925) and the highest 14 years and 5 months
(1933). For the 1-year retutn seties, the typical maturity is between 9 and 12 months. The
shortest maturity is 2% months (1941) and the longest maturity is close to 3 years (1973).. 1

2 Parum, C. (1998), “Historiske afkast af aktier og obligationer i Danmark”, Working
Paper 98-9, Department of Finance, Copenhagen Business School (in Danish).
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The yield-to-maturity is calculated on the basis of the price of the bond on the last trading day . I
in December, the nominal interest rate and the dates of coupon payment%. There is taken 3. ___Companies in the Database 5
account of the fact that in trading Danish bonds sellers are paid for accrued interest at the day The sample of companies used for calculating the dividend seties includes (all companies
where trading takes place (the concept of “Vedhengende rente”), Over zﬂ long petiod of time, included in the list):
it was customary to issue bonds with some redemption each term. In these cases, expected
payment streams are used. : . Banks: Aktivbank
. Amagerbanken
From 1960 and onwards, observations in the 10-year series are from OEQD. ) Amitssparekassen: Fyn
| Andelsbanken’
Data ate available from 1921 for the 5- and 10-year bond returns and from 1924 for the 1-year C & G Banken
bond return. | - Den Danske Bank
1 Fyens Disconto Kasse
The 5- and 10-year bond return seties were constructed as part of the original database. The 1- - Handelsbanken
year bond return series has been added later on. Privatbanken
’ Provinsbanken
UniDanmark ,
Aarhus Privatbank ;
‘ * Insurance: Alm Brand B :
y Alm Brandass A
o ! : Alm Brandass B j
“ Baltica - ;
) Codan , i i

‘ Kabenhavnske Reassurance A ; t
) Kebenhavnske Reassurance B ! (
Kebenhavnske Reassurance C ) : ! 1

Service: Andersen & Martini
) Sophus Berendsen A
Sophus Berendsen B
g F L Bie .
3 Brdr Dahl
. D G Holding B
Dalhoff Larsen & Horneman
Det danske Kulkompagni
Danske Lufifartsselskab . !
Ford Motor Co i
> Peder P Hedegaard
ISS A
ISSB
Brdr A & O Johansen
Jydsk Telefon
Kom- og Foderstofkompagniet
Kebenhavns Telefon
Nesa
C O Olesen Holding B
i Tivoli A
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Shipping:

Industry:

Tivoli B

Wessel og Vett C

Th Wessel og Vet preeference
Ostasiatisk Kompagni
Ostasiatisk Kompagni Holding

DFDS

D/S1912 A
D/S1912B .
D/S Bornholm
D/S Dannebrog
D/S Myren

D/S Norden

D/S Orient

D/S Torm

J Lauritzen

D/S Svendborg A
D/S Svendborg B

Albani A Y
Albani B -
Ove Arkil

Atlas

Bang & Olufsen

Bing & Grendahl

Burmeister & Wain Stamaktier
Calkas A

Calkas B

Cheminova Holding B

Chemitalic B

Christiani & Nielsen B

Coloplast B

CUBIC Modulsystem B

Dangcall Radio A

Dancall Radio B

Danisco

Dansk Data Elektronik

Danske Spritfabrikker

Danske Sukkerfabrikker A

Danske Vin- og Konservesfabrikker
Forenede Bryggerier A

Forenede Bryggerier B

Forenede Bryggerier C

Forenede Papirfabrikker

Brdr Hartmann

Incentive
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Kastrup Glasveaerk

Kebenhavns Bredfabrikker
Nordisk Fjerfabrik A

Nordisk Fjerfabrik B

Nordisk Kabel- og Tradfabrikke:
Novo Industri :
CWObelB | .

Royal Copenhagen A

Royal Copenhagen B

Schouw & Co A

Schouw & Co B

FL Smidt A

F L Smidt B

Superfos

Superfos praeference
Thrige-Titan A

Thrige-Titan B

Aarhus Oliefabrik A

Aathus Oliefabrik B
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Dansk resumé (Danish Summary)

Denne Ph.d.~afhandling omfatter én introduktion, seks kapitler, et dalttabilag samt dette
Kortfattede danske resumé. Afhandlingen er empirisk og underseget de skonomiske -
mekanismer, som ligger til grund for fastlzzggelsen af kurser og afkast pa det danske
aktiemarked. Det analytiske bidrag bestér i seks selvstendige og uamaengige papirer
(kapitler), som hver iser seger at besvare et konkret empirisk spzrgémél med det
overordnede formal at opné en bedre forstaelse af de faktorer, som eir af betydning for
aktiekur;er og -afkast i praksis. I hvert papir opstiller, estimerer og t;ester vi en ad hoc
empirisk model, som er designet til at belyse det konkrete spergsmal. Analyserne
fokuserer generelt p& okonomiske forhold med grundleeggende eller ‘fundamental’
betydning for aktickurserne. Vi har begransct os til en analyse af da?nske aktier pa det
aggregerede markedsniveau. Kapitlerne betragter perioderne efier l.f, henholdsvis 2.

Verdenskrig, p i

1 Kapitel 1 (papiret ‘Stocks Hedge against Inflation in the Long R;tn: Evidence
from a Cointegration Analysis for Denmark’) undersoges det empirisk, hvorvidt
danske aktier yder et vaern (hedge) mod inflation p& langt sigt i den forstand, at
kebekrafien af akticr er upavirket af wndringer i det generelle prisniveau over ‘lange’
perioder. Tilgangen til problemstillingen afviger fra standarden i den internationale
litteratur, idet vi tester inflationshypotesen pa grundlag af den estimerede
langsigtsrelation mellem niveauet for aktickurserne og det generelle prisniveau. Ud fra
arlige observationer efter 2. Verdenskrig samt forbrugerprisindekset som mal for det
generelle prisniveau, finder vi steerkt beleeg for hypotesen, dvs. at danske aktier yder
et veern mod inflation pa langt sigt. Denne konklusion adskiller sig fra

standardkonklusionen i litteraturen,

1 Kapitel 2 (papiret ‘On the Predictability of the Danish Equity Premium’, som er
fwlles arbejde med Ole Risager) tester vi empirisk, hvorvidt det er muligt at forudsige

merafkastet p4 aktier i forhold til obligationer. Undersagelsen betragter danske aktier

og obligationer samt 3 forskellige investeringshorisonter (1, 5 og 10 &r). Ved

_autokorrelation i afkastet), som inkorporerer muligheden for to forskellige regimer i
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systematisk at undersoge informationsindholdet i en rzkke forskellige nogletal

(dividende-kurs-forholdet, obligationsrenter, historiske merafkast pA aktier, etc.)
bliver konklusionen, at det er muligt at forudsige merafkastet pa 5 ars sigt, men ikke .
p4 1 og 10 4rs sigt. Vi bruger den estimercde model for 5 ars investeringshorisonten,til
at forudsige merafkastet pé aktier over den 5 ars periode, der startede ved udgangen af
1997. Modellen forudsiger et afkast, der er lavt efter en historisk mélestok, men

forudsigelsen er ikke nar s pessimistisk som i andre undersegelser.

Kapitel 3 (‘On the Relationship between the Danish vStock and Bond Market in the
Medium and Long Term’, skrevet ssmmen med Ole Risager) indeholder et kort papir,
hvor vi estimerer den empiriske sammenheeng mellem de realiserede-afkast pé aktie-
og obligationsmarkederne for en investeringshorisont pa henholdsvis 5 og 10 ar.
Resultatet er, at der p& begge horisonter er en staerk kointegrerende sammenhzang |
mellem aktieafkastet og den effektive rente pd obligationer, Dette resultat afspejler enz
stoerk tendens til, at aktieafkast og obligationstente beveger sig parallelt over ‘lange’ }
tidsperioder. Den kointegrerende sammenﬂlae_ng kan tolkes som en langsigte't i

ligevasgtsrelation, som udelukker muligheden for arbitrage mellem aktie- og
|
obligationsmarkederne, Estimaterne viser, at en &ndring i obligationsrenten kun

delvist slar igennem pa aktieafkastet.

1 Kapitel 4 (‘Regime-Switching Stock Returns and Mean Reversion’, sammen med
Steen Nielsen) estimerer vi en tidsteekkemodel for det 1-rige nominelle aktieafkast.
Formalet er at teste, hvorvidt afkastprocessen har sendret sig over tid for sd vidt angér,

dens middelvaerdi, volatilitet eller autokorrelation. P& grundlag af observationer for

—

perioden efter 1. Verdenskrig estimerer vi en velspecificeret ‘regime-switching’ mode
med 2 tilstande, idet vi tillader for en 1. ordens autoregtessiv specifikation i hver
tilstand. Modellen identificeret to forskellige regimer, som er kendetegnet ved lav
middellvazrdi og lav volatilitet henholdsvis hej middelveerdi og hej volatilitet. Vi

opstiller endvidere et alternativt test for ‘mean reversion” (defineret som negativ I

“afkastprocessen. Testresultatet er et svagt beleg for ‘mean revetsion’ i aktieafkastet .
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set over hele perioden. Indikationen pa ‘mean reversion’ Hidmrer frq det seneste haj-
middelvesrdi-og-hej-volatilitet regime, hvor der er en signifikant ‘mTi‘aan reversion’,

|
Formélet med Kapitel 5 (‘Modeling the Dividend-Price Ratio: Thei Role of
Fundamentals Using a Regime-Switching Approach’, skrevet sammen med Steen
Nielsen) er at give en empirisk forklaring pa udviklingén i det sékaldte dividende-
kurs-forhold, defineret som fotholdet mellem aktuelle dividendebetélinger og aktuelle
aktickurser. Vi estimerer en gkonomisk model for dividende-kurs—forhéldet for danske
aktier over perioden fra 1. Verdenskrig. I modellen indgdr som unde%rliggende
forklarende variabel en ‘proxy’ for en tidsvarierende diskonteringsrate, som vi har
dekomponeret i en tidsvarierende realrente og en tidsvarierende risikopreemie pa
aktier. Endvidere indgar niveauet for de reale dividender samt éidsté periodes
dividende-kurs-forhold. For indirekte at tage hejde for ikke-modellq‘rede eller ikke-
observerede ndringer i skatteforhold, institutionelle rammer el.li gﬁ., estimeres en
‘regime-switching’ model med 2 tilstande af den 9&0110miske mode:l. Resultaterne

viser, at alle forklarende variable er steerkt signifikante i mindst ét régime, og at

- modellen giver en god forklaring af dividende-kurs-forholdet. Modellen identificerer

to forskellige, men meget vedvarende regimer med et henholdsvis ‘imjt’ og ‘lavt’

niveau for dividende-kurs-forholdet.

Kapitel 6 (‘A Simple Explanation of Stock Price Behavior in the Long Run:
Evidence for Denmark’) giver en empirisk forklaring p de langsigtede bevaegelser i
aktiekurserne. Vi formulerer og estimerer en empirisk gkonomisk model for
aktiekurserne pa langt sigt. Som forklarende variable anvendes to grundleggende
(‘fundamentale’) makrogkonomiske variable, nemlig virksomhedsptofitten og den
nominelle obligationsrente. P4 grundlag af observationer for danske aktier efter 2.
Verdenskrig, finder vi en steerk og stabil kointegrerende sammenhang mellem
aktiekurserne og de to ‘fundamentale’ variable. Sidstnaynte er staerkt signifikante
bade statistisk og ekonomisk. Modellen giver endvidere en god beskrivelse af de
langsigtede tendenser i aktiekurserne. Specielt er modellen i stand til at forklare,
hvorfor det danske aktiemarked har vaeret kendetegnet ved relativt beskedne

kapitalgevinster i hele perioden for (omkring) 1980 og relativt store kapitalgevinster
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efterfolgende. Endelig viser modellen, at aktiekurserne ved udgangen af 1998 var teet

pa deres ‘fundamentale’ veerdier, idet den forudgéende markante opgang i

aktiemarkedet kan forklates ved et fald i obligationsrenten.
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