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Abstract

This paper assesses the possible contemporaneous relationship between stock index prices,
earnings and long-term government bond vyields for a large number of countries and over a time
period that spans several decades. In a cointegration framework, our analysis looks at three
hypotheses. First, is there a long-term contemporaneous relationship between earnings, stock
prices and government bond yields? Second, does a deviation from this possible long-run
equilibrium impact stock prices such that the equilibrium is restored? Third, do government bond
yields play a significant role in the long-run relationship or does the latter only involve stock prices
and earnings? We also study the short-term impact of changes in long-term government bond
yields on stock prices and discuss our short-term and long-term results in light of the recent

developments regarding the so-called Fed model.

Keywords: stock indexes, earnings, long-run relationships, interest rates, inflation, market

valuation.

JEL-classification: C13, C22, F31, G14.

NBB WORKING PAPER No. 73 - SEPTEMBER 2005



i NBB WORKING PAPER No. 73 - SEPTEMBER 2005



TABLE OF CONTENTS

I 1o 1 4 Yo 10 o f o 1 o IO 1
2. The earning yield, the bond yield and the Fed Model...........c.oooviiiieiiee i, 3
2.1. From the discount dividend model to the Fed Model.............cccovviiiiiiiiiiei e 3
2.2  Why the Fed model could or could not be relevant?...........cccccooiciiiieeie e 6
T I L= = L= = SRR 8
4. The Fed model in the cointegration framework: econometric methodology...........cccvvveee. 9
4.1. Cointegrated VAR MOEIS.........ccoi ittt e e e e e e e e e e 10
4.2. Assessing the Fed Model in the cointegration framework .............cccccvvvieiiee e 11
5. EMPITICAI @NAIYSIS ..ttt 13
5.1, LONG-TEIM BNAIYSIS ...eiiittiiieiitiiie ettt ettt sttt e e st b e e e s bb et e e sbb et e e snb et e e s an e e e ennnreee s 13
L 1o o (=1 4 10 )Y = 0SS 17
ST ©o] o Tod [ U =] Te ] o [ R RRRPPI 19
L LS (= (=] [T 20
National Bank of Belgium — WOrking Papers SEIES ........ccccuuiiiieie e iecireie e e e e s ssrree e e s snarrree e e e 43

NBB WORKING PAPER No. 73 - SEPTEMBER 2005



i NBB WORKING PAPER No. 73 - SEPTEMBER 2005



1. Introduction

Although neither endorsed nor suggested by the Fed, the name ‘Fed model’ was coined by market
practitioners in the late 1990’s to designate a possible valuation model that determines the acceptable
earnings yield for a stock index with respect to the prevailing long-term government bond yield.
More specifically, proponents of this model argue that there is an equilibrium relationship between
the earnings yield of a stock index and the 10-year government bond yield. In a nutshell, when the
earnings yield is below (above) the 10-year government bond yield, the stock market is supposed
to be overvalued (undervalued). Thus the ‘fair value’ for the stock index should be equal to the
earnings level divided by the prevailing 10-year government bond yield. The main rationale of
this model is the (possibly flawed) use of a discounted cash-flow model. In a simplified setting,
decreasing (increasing) government bond yields imply a smaller (larger) discount factor, hence a
smaller (larger) denominator in the valuation formula, hence a higher (lower) stock price. Note that
this supposes that the other variables in the valuation formula are not affected by the modifications
of the discount factor. A closely connected model, which is described below, is the Stock Valuation

Model of Yardeni (2003).

Since a couple of years, there has however been a growing criticism of this simplified valuation
model. Critics argue that the logic behind the valuation argument is flawed in the sense that an
element is missing (the risk premium, which is known to be time-varying) and that the concept of
‘inflation illusion’ should be taken into account. Indeed, lower bond yields suggest lower anticipated
inflation, hence firms should witness smaller growth rates for their earnings per share because of a
likely decrease in corporate pricing power. Therefore, when the discount factor is decreased in the
valuation formula, the EPS growth rate should also be affected and should also be detHased.
implies that higher stock prices are not necessarily warranted. Thus, this approach stresses that the
growth rate and discount factor variables are interrelated in the valuation formula. It also reminds
us that the impact of expected inflation on stock prices is difficult to quantify as it affects both
the numerator and the denominator of a discounted cash-flow model. Note that, according to that
approach, rising interest rates are not necessarily a bad thing for the stock market outlook, which
was already suggested by Modigliani and Cohn (1979). Among others, Asness (2000), Ritter and
Warr (2002), Asness (2003), Campbell and Vuolteenaho (2004) and Cohen, Polk, and Vuolteenaho

LAs summarized in Lansing (2004): “Investors and homebuyers appear to be adjusting their discount rates to match
the prevailing nominal interest rate. However, for some unexplained reason, they do not simultaneously adjust their
forecasts of future nominal cash flows, i.e., earnings distributions or imputed rents”.



(2005) provide a treatment of these issues, and we review some of their arguments in Section 2.
If interest rates are more or less left out of the picture, the main determinants of long-term stock
market performance are then found to be valuation ratios such as the P/E ratio, in agreement with
e.g. Philips (1999), Campbell and Shiller (1998, 2001) or Asness (2003).

The goal of the paper is to assess the contemporaneous relationship between stock indexes,
earnings and long-term government bond yields for a large number of countries and over a time
period that spans several decades. Regarding the econometric methodology, we use cointegrated
VAR models (also called VECM models) which allow both short-term and long-term dynamics.
The latter is the most important for our study as the presence of a valid long-term cointegrating
relationship between stock index prices, earnings and long-term government bond yields for many
countries would lend credence to the Fed model. Note that we do not consider time-varying models
(for the risk premium) as we focus on the contemporaneous long-run relationship between stock
prices, earnings and long-term bond yields. Hence, our analysis is closer to Harasty and Roulet
(2000) and what some practitioners would like to test than the time-varying models of Campbell

and Shiller (1988 and 1989). To address these issues, we test the following hypotheses:

Hypothesis 1: For a given country, there is a long-term contemporaneous relationship between

earnings, stock prices and government bond yields.

Hypothesis 2: The long-term relationship of hypothesis 1 implies that a deviation from the long-run

equilibrium impacts stock prices such that the equilibrium is restored.

Hypothesis 3: Although there is a long-term relationship, government bond yields do not play a

significant economic role.

Regarding the well documented literature on this topic, our analysis is unique in the sense that
we focus on a large collection of countries (Australia, Austria, Belgium, Canada, Denmark, France,
Germany, Italy, Japan, Switzerland, The Netherlands, United Kingdom and the United States) and
that we use the same cointegrating methodology for all markets. Besides the modelling of the
short-term and long-term dynamics, the cointegration framework allows the rigorous testing of the
hypotheses detailed above. Thus, a distinct and important feature of our analysis is that, while most
empirical analysis in this literature focus on the United States given the very long historical data
available, we undertake a truly international comparison and deal with 13 countries over a time

span of 30 years. Moreover, the rationale of the Fed model and the possible relationship between



earnings, stock prices and long-term government bond yield is studied both at the nominal and real

level.

The rest of the paper is structured as follows. Section 2 discusses the arguments for and against
the Fed model. We then present our dataset in Section 3. The cointegration econometric framework
is detailed in Section 4 and the empirical application is discussed in Section 5. Finally, Section 6

concludes.

2. The earnings yield, the bond yield and the Fed Model

This section describes the Fed model and its inputs. We also discuss present value models and

provide a discussion as to why the Fed model could be meaningful or meaningless.

2.1. From the discount dividend model to the Fed model

For an investor long one share in a given stock, the expected return from péoibe 1, HPR?, ;,

can be expressed as the sum of the expected dividahd, and the expected change in the stock

price,P% ; — R:

R R R

Let us assume that the expected return is a constarg. HPR’ ; = h (we briefly discuss time-

~1 (1)

varying models below). Rearranging the previous equation, we then have:

_ [Ra—Da
A=t @

Solving Equation (2N periods forward, we get the usual specificationRor

A= |5 (2 ) o]+ (1) e 3)
> () o)+ (i)

WhenN — oo, the second term on the right hand side of Equation (3) tends to zero and we are left

_|_

with:



If dividends are expected to grow at a constant cateéquation (4) can be simplified as:

Dfy1 _ (1+d)D
h-d  h-d

R = (5)

which holds true if and only ih > d. This is the classical stock valuation model of Gordon (1962).

Equation (5) can also be written as:

5(1+d)E

L

(6)

whered is the payout ratio (assumed constant here) Bndre the earnings of the firm at tinte
Finally, the required rate of return is usually expressers asRP, wherer s is for example the 10-
year government bond yield aiPis the risk premium demanded by investors (in excess )ao

hold the stock. This finally yields:

~ O(1+d)E
= Re—d Y

Such present value relationships provide the framework for stock yield - bond yield relationships
as used in the Fed modeln this simplified framework, declining interest rates or bond yields lead
to higher stock prices, provided that the growth rate of earnings is not affected. In the same vein,
an upward revision in expected earnings (or their long-term growth rate) leads to a stock price
appreciation for the firm, provided that the discount rate does not increase when the growth rate
of earnings increases. Besides the pure ‘mechanical’ relationship implied by Equation (7), market
participants also constantly arbitrage the stock and bond markets. When new money has to be
invested and interest rates are low, it is expected that this money inflow will mostly find its way
in the stock market (this is especially true if dividend yields are high). The opposite should be
true when interest rates are high. As such, there exists a substitution effect between stocks and
bonds which is strongly shaped by the relationship of the dividend yield to the bond yield. Another
example is the so-called ‘carry trade’, where market participants take advantage of low interest rates

to buy stocks on margin: stock markets indirectly benefit from a low-rate environment as portfolio

°Note that we formally characterize present value relationships and their econometric framework in Section 4.



managers incur low borrowing costs when buying shares. When interest rates rise, these portfolio

managers sell their shares to put a cap on their rising borrowing costs.

While some of these arguments are inherently flawed because of the money illusion effect (this
is discussed below), another potential problem stems from the fact that the risk premium is par-
tially left out of the picture in this simplified framework. More precisely, possibly time-varying risk
premiaa la Campbell and Shiller (1988 and 1989) are not taken into account as these relationships
focus on the contemporaneous links between the variables. Besides practitioners’ discussions, many
academic studies have also focused on these possible contemporaneous relationships. For example,
the relationship between stock prices, dividends and government bond yields has been keenly stud-
ied by British academics. As indicated in Mills (1991): “the relationship between equity prices,
dividends and gilt edged stocks was once felt by market practitioners in the UK to be of primary
importance for forecasting future movements in prices...”. Besides taking a new look at this rela-
tionship, Mills (1991) also advocates using a cointegration framework to model the stock price index
(R), the associated dividend indeR) and 20-year government bond yield®&) Although not set
in the cointegrating framework, the so-called GEYR ratio is very similar. Indeed, the GEYR ratio, or
gilt-equity yield ratio, is defined as the ratio of the coupon yield on long-term government bonds to
the dividend yield on the stock index. Proponents of the GEYR ratio argue that it fluctuates around
a central value, and that any deviation from this ‘equilibrium’ state indicates that the stock mar-
ket is under- or over-priced with subsequent stock price adjustments being somewhat forecastable.
Therefore the current GEYR ratio, i.&EY R, should have predictive power for forecasting future
stock index returns. See Levin and Wright (1998), Harris and Sanchez-Valle (2000b) or Harris and

Sanchez-Valle (2000a) for some recent discussions and empirical applications.

Outside the UK, the direct comparison of bond yields and appropriately defined ‘equity yields’
has recently been highlighted with the growing popularity of the so-called Fed and SVM models.
Widely popularized by market practitioners and finance journals (e.g. the Wall Street Journal, Bar-
ron’s,...), the Fed model states that the ratio of the 10-year government bond yield to the expected
earnings yield for the S&P500 index should be relatively stable through time. When this ratio is

below (above) its long-term average, it is believed that the stock market is undervalued (overvalued)

3More precisely and for UK data, Mills (1991) concludes that these three series expressed in lggs; ie(P,),
d: = In(Dy) andr; = In(R;), are cointegrated (with 1 cointegrating vector). We come back to the issue of cointegration
in Section 4 as we detail our econometric methodology.

4Switching to logs, we have th&ét(GEY R = In(R) —In(D) +In(P), or In(GEYR =r —d + p. Readers familiar
with the cointegration framework will immediately recognize that proponents of the GEYR ratio indeed statalthat
and p are cointegrated with ‘constrained’ weights for the long-term relationship set eq(il+d,1) (i.e. the Mills,
1991, methodology).



as the earnings yield is particularly high (low). Recent modifications of the Fed model include the
SVM-1 and SVM-2 models introduced by Yardeni (2003). These models give a ‘fair value’ for the
S&P500 based on the 10-year bond yield and earnings and also motivate asset allocation decisions
based on the perceived degree of over and undervaluation of the S&P500 with respect to its ‘fair

value’® Lander, Orphanides, and Douvogiannis (1997) present the Fed model as:

E
R

wherea is an intercept (or a constant risk premium) d&ids a nominal bond yield. As underlined

=a+R (8)

by Vila-Wetherilt and Weeken (2002), Equations (8) and (6) are strongly related if we adsurhe

andd = 0. This discussion shows that the Fed model is very similar to the GEYR framework, with
(anticipated) earnings instead of dividends and 10-year government bonds instead of gilts. We next
look at the pros and cons of this simplified approach and show that the so-called Fed model features

some serious shortcomings.

2.2. Why the Fed model could or could not be relevant?

The rationale underlying the Fed model has been discussed in the academic literature for the last five
years. For example, Lander, Orphanides, and Douvogiannis (1997), Asness (2003) or Campbell and
Vuolteenaho (2004) point out that this model does have some merit, although they mostly disagree
on how the model should be interpreted. First, portfolio managers do arbitrage the equity and
bond markets and carry trades are much used. As equities and bonds are competing assets, it is
obvious that fund managers want to invest in the highest yielding asset (taking into account the
risk). Secondly, this model is broadly speaking in agreement with the principle of the discounted
present value of future cash flows. Thirdly, the recent empirical evidence supports the rationale of the
Fed model, and more precisely the fact that the equity yield has somewhat tracked the government
bond yield over the last thirty yeaPsAs indicated in Campbell and Vuolteenaho (2004), “the Fed
model has been quite successful as an empirical description of stock prices. Most notably, the model

describes the rise in stock yields, along with inflation, during the 1970’s and early 1980's, and the

SNote that the Yardeni (2003) SVM-1 model is exactly the model specified by Equation (7)R¥herd andd = 1.
Yardeni (2003) recently introduced the so-called SVM-2 model to alleviate concerns regardiRgthd andd = 1
constraints and discuss the risk premium problem. This second model still hinges on the comparison of the 10-year
government bond yield and earnings yield.

8]t should be stressed that, for the United States (a country for which reliable data has been available since 1871),
the relationship between the earnings yield and the bond yield does not seem to hold before the seventies.



decline in stock yields during the past 20 years”. Fourthly, it paves the way for a time-varying stock

market risk premium, which is an enhancement of classical Gordon type models.

Despite its apparent fit to the data, the Fed model has also been severely criticized, mainly be-
cause it suffers from serious theoretical shortcomings. Indeed, there is some confusion regarding the
role of inflation as the earnings yield (expressedeial termsby definition) is here simply equaled
to anominal bond yield This is neatly summarized in Lansing (2004) who echoes Asness (2000)
and Modigliani and Cohn (1979) and shows that such reasoning leads to ‘expectational errors’. This
is also at odds with the empirical evidence that shows that equities could be a good hedge against
inflation, as pointed among others by Marshall (1992), Boudoukh and Richardson (1993), Anari and
Kolari (2001) and Spyrou (2004). More recently, the money illusion effect has also been studied by
Campbell and Vuolteenaho (2004) and Cohen, Polk, and Vuolteenaho (2005). They show that, al-
though the Fed model tends to fit the recent data quite well, this model is on very shaky grounds with
few theoretical justifications for its relevance. In the same vein, Ritter and Warr (2002) highlight
two possible problems regarding the Fed model. On the one hand, the discount rate is not adjusted
for risk, which yields capitalization rate errors (as defined by Ritter and Warr, 2002). On the other
hand, when focusing solely on the earnings growth without any adjustment for the firms’ wealth
given specific cases (e.g. due to changing inflation environment), a debt capital gain error is made.
Therefore the potential capital gain that may result from the reduction of the real value of the firm’s
debt in presence of inflation is not taken into account. Hence the role of inflation and its supposed

impact on stock prices is messy at best in the Fed model.

This confusion also extends to the role of interest rates in the determination of stock prices
and anticipated returns. For example, Philips (1999), Campbell and Shiller (1998, 2001) or Jones,
Wilson, and Lundstrum (2002) show that valuation ratios are the main determinants of future stock
price performance; prevailing bond yields do not enter the relationships. In contrast, the Fed model
takes as input the nominal bond yield to set the ‘right’ stock index price (if the nominal bond rate
would decrease to 1% for instance, the ‘right’ P/E ratio would be at 100). Besides, for the recent
period from 2001 to 2003, fears of deflation have depressed the stock markets, while decreasing

interest rates should have spurred the markets according to the Fed model.

To summarize, the discussion presented in the introduction and in this section points out that,
although the Fed model may sometimes provide some relevant intuition, it is hard to see how nomi-
nal interest rates (and the influence of inflation) can be related to the prevailing price earnings ratio

and future stock market performance. Actually, there is a wide consensus that valuation ratios (such

7



as the price earnings ratio) strongly matter for the future long-term stock market outlook, but again
interest rates are left out of the picture. In this framework, the long-run equilibrium relationship
should only involve earnings and stock prices, interest rates should not be an input in the model. We

focus on this research agenda in Sections 4 and 5.

3. The dataset

The empirical part of the paper focuses on thirteen countries: Australia, Austria, Belgium, Canada,
Denmark, France, Japan, Germany, Italy, Switzerland, The Netherlands, United Kingdom and
United States. As far as stock index prices, earnings and long-term interest rates are concerned,
reliable data has been available for this group of 13 countries since the early seventies. Therefore,
the sample period of our analysis ranges from January 1973 to December 2003 (quarterly data).
Taking into account the international and historical perspectives of this paper, we rely on data ven-
dors that ensure that the data is harmonized across countries. For the equity variables (stock indexes
and corresponding earnings), the primary source is Thomson Financial Datastream (TFD). More
precisely, we use the stock and earnings harmonized indexes (as computed by Datastream) to facili-
tate the comparison between countries (for example, the stock indexes are the so-called total market
indexes of the given country). In the same vein, the source for the long-term interest rate is the IMF
International Financial Statistics. The selected long-term interest rate is equivalent to the yield-to-
maturity of long-term government bonds, i.e. a 10-year yield. To switch from nominal stock prices
and earnings to real stock prices and real earnings, we first download the consumer price index
(CPI) series for each country from the harmonized OECD dafased second step, the stock index

and earnings series are deflated accordingly. Therefore and for each country, we have six quarterly
series: the nominal stock index, the real stock index, the nominal earnings index, the real earnings

index, the long-term government bond yield and the inflation index normalized at 1 in 1973:01.

As far as our data is concerned, it is worth stressing that the global indexes supplied by TFD take
into account all the stocks of the given country. They are thus more relevant than the more narrowly-
defined (and better-known) S&P500, CAC-40 or DAX-30 indexes (henceforth called the standard
indexes). However the correlation of the global indexes with the more narrowly-defined indexes is

very high (typically larger than 0.9). Nevertheless, it should be noted that, in contrast to the standard

’As these series are not seasonally adjusted, we compute seasonally adjusted CPI series using the Census X-12
ARIMA method run by the EViews 4.0 software.



indexes, TFD only reports positive earnings in its earnings index series. This could give rise to a
potential bias. This is however a minor drawback given the very high correlation between the two
kind of indexes and the fact that both types of series display extremely similar dynamics (note that
we are consistent in the sense that we only deal with the TFD indexes in this paper, we bring forth this
issue as readers usually focus on the better-known indexes). Furthermore, because we use the TFD
indexes, we avoid potential biases that could arise from changes in the index composition over time.
Secondly, in contrast to Lander, Orphanides, and Douvogiannis (1997), we use the current earnings
and not the expected earnings because of the data availability issue for so many countries and for
such a large time frame. Indeed, expected earnings (such as provided by the I/B/E/S database) have
only been available from 1987 for the United States and from the mid-nineties for most European
countries. As our paper features data spanning three decades from a very large number of countries,

we thus cannot use the expected earnings.

4. The Fed model in the cointegration framework: econometric

methodology

The literature review presented in Section 2 hints at a possible long-term stable relationship between
earnings, stock prices and/without government bond yields. To summarize the main arguments
presented in that section: proponents of the Fed model argue that government bond yields enter the
long-term relationship, while opponents think that the long-run relationship only involves earnings
and stocks prices. On a short-term basis, it is however widely believed that changes in bond yields
do influence stock prices. From an empirical point of view, it turns out that this short-term and long-
term research agenda can be tested within the cointegration econometric framework. Originally
developed by Engle and Granger (1987) and popularized by many researchers and textbooks since
then, the cointegration framework allows an assessment of possible long-term relationships between
given economic or financial variables. Moreover cointegrated VAR models also allow for separate

short-term dynamics, hence the short-term and long-term effects can be disentangled.

While cointegration analysis has long been applied in empirical finance, to our knowledge no
cointegration studies of the Fed model have yet been put forward. Indeed, most papers on the GEYR

or Fed model that rely on econometric estimation usually directly specify an econometric relation-



ship between the variablés.Their models are thereafter estimated using ordinary least squares
(OLS) regression. Others predefine the weights for the variables and then assess the forecasting
properties of the combination of variables (e.g. the forecasting performance of the P/E ratio, as in
Campbell and Shiller, 1998, 2001). With respect to the relationship between earnings and stock
prices, a sizeable literature now exists, spurred by tests of the present value relationships as pio-
neered by Campbell and Shiller (1987, 1988). While the early paper of Campbell and Shiller (1987)
did not get meaningful cointegration results (using stock prices and dividends as input variables),
MacDonald and Power (1995) validate the present value relationship between earnings and stock
prices for the US market. They suggest that earnings, and not dividends, should be included in the
analysis (more precisely, they argue that both dividends and retained earnings, which sum to earn-
ings, should be taken into account). More recently, the international analysis conducted by Harasty
and Roulet (2000) also supports the cointegration hypothesis (they consider three variables in their

single-equation cointegrated model: stock prices, earnings and 10-year interest rates).

4.1. Cointegrated VAR models

In the following, we use the cointegration methodology applied to the stock market variables in-
volved in the Fed Model, i.e. an earnings index, a stock index and a long-term government bond
yield for each country considered in the analysis. This econometric framework (which involves
unit root tests, cointegration tests, specifications of VECM(k) models, estimation of these models
including impulse-response analysis or variance decompositions) is now well established and de-
tailed in many textbooks such as Enders (1995), Brooks (2002) or Harris and Sollis (2003). More
specifically, we proceed as follows using the EViews 4.1 and PcGive 10.3 econometric softwares
which provide an integrated framework for analyzing dynamical systems that feature possible coin-
tegrating relationships. For each country in our dataset, we first test that the variables are integrated
of order 1 (augmented Dickey-Fuller unit root tests with constant and/or trend included in the spec-
ification; augmented Dickey-Fuller tests on the first difference of the variables). Then we proceed
with cointegration tests of the Johansen type. We use the trace and Max Eigenvalues tests, while
the number of lagsk{ say) included in the multivariate model at this stage is set such that the last
includedk® 4+ 1 lagged variables in the VAR specification are jointly non significant. Moreover, we

also check for autocorrelation and absence of normality in the residuals and look at the AIC Eriteria.

8Mills (1991) however tests for cointegration in his study on the GEYR ratio.
9Because cointegration tests are known to have relatively low power in small samples and can depend on the chosen
k*, we also perform the cointegration tests kot k* + 1 andk = k* — 1.

10



If there is cointegration for a given country, we then proceed with the specification and estimation
of the VECM(k*) model which allows the modelling of both the short-run and long-term dynamics

for the 3 variables involved in the system.

Let us illustrate the methodology. For each country, the input variables arén(E;), the log
earnings indexp; = In(R), the log stock index and = In(R;), the log government bond yield. An
alternative specification would tak® = In(R), & = In(E) andR;, and notr; = In(R;), as inputs.

We however prefer to work with the log government bond yield as taking the log of the supposed
Fed model relationshif; /P = R givese — p; — r..10 As detailed in the equations given below,
this is thus the supposed long-run relationship if the Fed model is valid. Provided that there is one

cointegration relationship among the three variables, the VEKOM&N be written as!

k*—1 k-1 k*—1
Ae =VYe+ Oe(@-1+BpP-1+Brlt-1)+ ) Bejla—j+ » OpjAp—j+ > O jAr_j+eer (9)
=1 =1 =1

k*—1 k1 ki—1
Apt =Yp+ap(@—1+BpPt—1+Brre—1) + Z O jlerj+ Z Op jApt—j+ z O jAry_j+&pt(10)
j=1 j=1 j=1

k*—1 k*—1 k*—1
Ary=Yr +0r(@-1+BpP-1+Brrt-1) + > ejle_j+ > OpjAp—j+ > O jAr_j+er(11)
=1 =1 =1

Note that we do not constrain the constant to be only in the cointegration relationship a&sdoudh

pt exhibit a positive drift. In the cointegration literature, thg o, anda, coefficients are called the
adjustment speeds, as they determine how each variable is affected by the possible disequilibrium
in the lagged long-run relationshgp_1 + Bppt—1 + Brrt—1. Because the variables are expressed in
logs, the adjustment speeds can also be interpreted as the proportion of the long-run disequilibrium

error that is corrected at each time step (one quarter in our sample).

4.2. Assessing the Fed Model in the cointegration framework

The coefficients of the long-run relationship (if& andf) and the coefficients for the adjustment

speeds (i.eae, ap anday) are of particular interest in our setting. For example, if the Fed Model is

10As pointed out by a referee, a third possibility would be the uspef In(R), & = In(&) andry = In(1+R).
Indeed, adding a constanti® /P = R; yieldsE;/R = c+ R;. This last expression is approximately equaEigR =
(1+4¢)-(1+R)—1, yieldingIn(E:/R) = a+b-In(1+ R). Running the empirical analysis with(1+ R;) instead of
In(Ry) yielded however similar results.

n theory, there could be up to 2 cointegration relationships. Anticipating on the empirical results, we always have
0 or 1 cointegration relationship, hence we do not detail the specification which features 2 cointegration relationships.
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valid, one expectBp andp, to be negative, and, to be positive (i.e. an earnings increase leads to
positive stock returns and an increase in long-term government bond yields leads to negative stock
returns). If the Fed model is only partially valid in the sense that long-term government bond yields
do not really matter while the bulk of the adjustment comes from the earnings and stocks prices, then
Bp should be significantly negative aftd should not be significantyp, should again be positive.
Indeedap should be significantly positive if causality runs from the disequilibrium in the long-term
relationship to the stock index. An important asset of the VECM model (and in contrast to the 2-step
Engle-Granger cointegration methodology used in MacDonald and Power, 1995, and Harasty and
Roulet, 2000) is that statistical hypotheses on the model coefficients can easily be tested. Indeed, it
can be shown that most hypotheses which do not involve cointegration tests can be assessed using the
familiar x2() tests. Therefore, this cointegration framework allows the assessment of the Fed Model
in a straightforward way and leads us to present three testable hypotheses regarding the validity or

partial validity of the Fed model:

Hypothesis 1: There is a cointegration relationship between earnings, stock prices and government

bond yields.

Hypothesis 2: The cointegrating relationship of hypothesis 1 implies that a deviation from the long-

run equilibrium impacts positively or negatively stock prices such that the equilibrium is restored.

Hypothesis 3: Although there is a cointegration relationship, government bond yields do not play a
significant ‘economic’ role in the long-term relationship: only earnings and stock prices matter for

forecasting the future long-term direction of the market.

Note that hypothesis 2 is key to the adjustment process. For example, it predicts that, if stock
prices are too high with respect to the equilibrium level fixed by the earnings and bond yields, they
decrease in the near future. Hypothesis 3 modifies hypothesis 2 in the sense that the bond yield no

longer influences the ‘return to equilibrium’ of stock prices.

What about the short-term dynamics? It is most conveniently assessed using either impulse
response analysis or variance decompositions. In the empirical part of the paper, we rely on variance
decompositions (using several different variable orderings) to study the impk¢Eodf In(P) and
In(R) on future stock prices. Finally, we also estimate the single-equation ECM model (also called
conditional ECM model) for the stock price adjustments. This model is the outcome of the 2-step
Engle-Granger cointegration methodology where (a) the long-run relationship is estimated and its

residuals are recorded; (b) the following single-equation ECM is estimated:
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K —1 K —1 K —1
Ap: =Yp+0apres_1+0g0le + & o Are + Z dejla_j+ z Op,jAp—j+ z O jAre_j+&, (12)
=1 =1 =1

wherereg are the residuals from the estimation of long-run relationship in the first step. Note that
we use the same Greek letters for the coefficients as in the VECM model, but of course they will
take different numerical values. Regarding the short-term dynamics of the model, coefigient
important as it shows howontemporaneoushanges in the bond yield affect the stock prices (we
suspect that this coefficient will turn out to be significantly negative). Finally, coeffidjenis also

called the coefficient for the momentum effect in stock prices as it is the coefficient for the AR(1)
effect in the equation (it should not be statistically different from zero if the stock market is weakly

efficient).

5. Empirical analysis

5.1. Long-term analysis

We report the cointegration and VECM estimation results for all countries in Table Il (nominal data)
and Table Ill (real data)? Prior to the cointegration analysis, we also ran augmented Dickey-Fuller
unit root tests on the nominal and real series, and on their first differences. Full results are displayed
in Table I. Broadly speaking, the unit root results are similar to those previously documented in the
literature (e.g. Harasty and Roulet, 2000). Indeed, all series exhibit a unit root, although, when a
constant and a trend are both included, a few series fail the test at the 5% level. Nevertheless a visual
inspection of those cases do not invalidate the analysis and we therefore proceed similarly for all

countriest3

From the original group of 13 countries (nominal data), 9 feature exactly one cointegration rela-
tionship, while 4 countries (Austria, Belgium, Germany and Japan) do not exhibit any cointegration.
For the cointegration analysis applied to the real stock prices, real earnings and long-term govern-
ment bonds, there are 7 countries which feature 1 cointegration relationship. In this case, there are

thus 6 countries (Australia, Austria, Belgium, Germany, Italy and Japan) that do not exhibit any

1?Regarding the cointegration tests, we report outcomes of the trace tests. The Max Eigenvalues tests deliver the same
results and are not reported to save some space in the tables.
B3ynit root tests on the first differences of the series tend to confirm the unit root hypothesis for the original series.
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cointegration. We never observe 2 cointegration relationships. The significance level of the cointe-
gration is reported in th® column, while the number of lags in the VECM system is given in the
Lagscolumn. For the nominal data, we decided to keep Australia and Italy at 10% and 11% respec-
tively as we work with quarterly data and thus do not have that many observations. At the stricter
5% level, we would thus have the same 7 countries that pass the test (nominal and real data). For
the countries that do exhibit cointegration, we give in the tables the long-run coeffidign{s; X

and the adjustment speedg{g), Ojnpy anda, (g for the nominal datagyg,), djnR) andayyr)

for the real data). Regarding the hypotheses detailed above, we also test that the government bond
yield is not significant in the long-run relationship (test of hypothesis 3). Th@H8:0 column

of each table reports the P-value for ty&1) LR test that theB, coefficient in the cointegration
relationship is not significant. Finally we also report the estimation results from the constrained
cointegration analysis, i.e. the estimation results from the VECM wherg,tkeefficient is con-
strained to be equal to zero. This yields a new cointegrating vector that only takes the log earnings

(or real earnings) and stock prices as inputs.

The evidence reported in Table 1l seems to support the view that, for many countries, there
exists a long-run stable equilibrium relationship between earnings, stock prices and government
bond yields. This supports hypothesis 1 of Section 4.2 and is also consistent with previous results,
such as MacDonald and Power (1995) for US data only and Harasty and Roulet (2000). Nevertheless
and as mentioned above, for four countries (Austria, Belgium, Germany and Japan), there is no
cointegration. Note however that Belgium exhibited cointegration on the 1973:03 - 1999:04 sample,
and that Japan is a very difficult market to model given 15 years of bull market followed by 15 years
of bear market, with some deflation. For the countries that exhibit one cointegration relationship,
we plot the long-run equilibrium relationship (called) between log earnings, stock prices and
government bond yields vs time (nominal data) in the bottom of Figures 1 to 4. For each of these
figures, the top figure shows the earnings yield, while the middle figure presents the ratio of the
earnings yield to the long-term government bond yield. A look at the long-run relationships visually
confirms that the cointegrating vector is stationary, and that the troughs and peaks in the relationship
roughly correspond to market peaks and bottoms (we come back to this issue below). Note that the
cycles are quite long, which supports the view that a meaningful cointegration analysis needs a large
time sample. These graphs also show that the long-run relationship is not dissimilar to either the
ratio of the earnings yield to the long-term government bond yield (middle figure) or the earnings

yield (top figure), but at the same time it is distinctively different.

14



We now look at hypothesis 2 and assess whether the estimated long-run relationship implies that
a deviation from the equilibrium posited by that relationship positively or negatively impacts the
stock prices so that the equilibrium is restored. As far as hypothesis 2 is concerned, the evidence is
mostly conclusive, although some coefficients are not significant. Indeed, coeffigimegative
andaynp) is positive, although not significant in some cases. Note thg ikas exactly equal to
-1 (and strictly speakin@; = 0), then the log earnings yield would exactly enter the cointegration
relationship. Along with a positive,p), this would indicate that high (low) P/E ratios would lead
to poor (good) future stock market performance. Although we do not fave —1, a normalized
Be = 1 along with a negativg, and positivea|,p indicates that high stock prices with respect
to earnings do lead to poor future stock market performance. This supports hypothesis 2 and the
conventional wisdom prevailing for stock market performance and high/low stock prices to earnings
ratios. To further highlight the possible stock index adjustment to the level of the cointegration
relationship, we plot XY graphs (along with the estimated regression line) of 3-, 12-, 24- and 60-
month forward-looking returns vs the value of the cointegration relationship (at the time the return is
computed). Campbell and Shiller (1998, 2001) present similar graphs for forward-looking returns vs
P/E ratios. If the valuation argument is correct, we expect that low (high) values for the cointegration
relationship indicate overvalued (undervalued) markets. Thus these values should lead to negative
(positive) forward-looking returns and hence the XY scatter plots and the estimated regression line
should trend upwards. We plot these XY graphs for four selected countries (Australia, France,
United Kingdom and United States) in Figures 5 to 8. As expected, the estimated line has a positive
slope and the shape of the XY scatter plot is in agreement with our valuation argument. Table IV
displays similar results, albeit in a table presentation. In that table, we compute the mean, min
and max 24-month forward-looking returns for the bottom and top quintiles of the cointegration
relationship. As such we present in a table the XY couples graphed in the utmost left and right
of Figures 5 to 8 (for the 24-month forward-looking returns). The numerical results also show
that, when the cointegration relationship takes low/high values (defined as being in the bottom/top
quintile here), the outlook for the stock market is rather poor/good. Given the weights of the long-run
equilibrium relationship, the bottom/top quintile of the cointegration relationship is also associated

with low/high earnings yields (see fourth column of each panel).

We now focus on hypothesis 3 and whether long-term government bond yields are economically
and/or statistically relevant in the equilibrium relationship. For all countries that exhibit cointegra-

tion (except the United States) and in contrast to Harasty and Roulet (2000), the long-term interest
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rate coefficient in the cointegrating space is not significantly different from zero (according to the
LR test). For the real data, the government bond yield is never significant in the long-run relation-
ship, with P-values for the HB; = O test very close to 1. Our sample is however much longer and
features many more economic cycles than Harasty and Roulet (2000), which is of paramount impor-
tance for cointegration studies. Furthermore, XY plots of the forward-looking returns (as defined
above) vs theonstrainedcointegration relationship (i.e. the cointegration relationship where the
bond yield is left out) are extremely similar to the previous XY plots. These new plots are given in
the bottom Figures 5 to 8 for four countries (Australia, France, United Kingdom and United States,
the evidence is similar for the other countries). In the bottom panels of Table 1V, we present the
same numerical results as discussed in the previous paragraph, but in this case we refer to the bot-
tom and the top quintiles of the constrained long-run relationship. As for the XY graphs, results for
the unconstrained and constrained relationships are very similar. Note also (see the fifth column of
each panel) that the average long-term bond yield is actually larger in the top quintile than in the
bottom quintile of the long-run relationship. Therefore government bond yields do not seem to be
relevant as far as the long-run valuation relationship between stock prices, earnings and bond yields
is concerned. Note that, beside the statistical relevancy, we can also see that the bond yield does
not matter much in an economic sense. Indeed, the coefficients are not significant and they take
low values for all countries (the United States seems to be the exception, with a coefficient equal
to -0.47). This discussion leads us to accept hypothesis 3 and also invalidates the ‘second’ part of
the Fed model, i.e. the bond yield should not enter the long-run equilibrium relationship as posited
in Equation (8). In contrast tB; /R = a+ R;, we thus have that the appropriately defined (by the
cointegration) linear combination &f(E;) andIn(R) is stationary, and thB term is not needed.
Regarding the literature discussed in Section 2, our estimation results are similar to Asness (2003).
His results do not however hinge on the cointegration framework and are limited to US data. These
results are also in agreement with Siegel (2002) (the equity yield and/or dividend yield is a strong

determinant of future long-run stock market performance).

Finally and although it is always a difficult and daring exercise to speak of a ‘fair value’ for the
stock market, we can nevertheless rewrite the cointegration relationship sué¢hlibabmes the
left-side variable and is thus the ‘fair value predicted by the model'. This can be done with both
the unconstrained and constrained long-run relationships. Let us illustrate with the United States.
For this country, the unconstrained equilibrium relationshim{&) — 0.73@n(P) — 0.469n(R) +
2.186 Set equal to 0 and expressed with resped®,tone hasP* = exp(In(E) — 0.469n(R) +
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2.186)/0.736). This P* can thus be interpreted as the equilibrium stock market value given the
prevailing earningsK) and long-term interest ratd). The constrained relationship is(E) —
0.609n(P) + 0.536, which yieldsP** = exp(In(E) + 0.536)/0.609). We plot theseP* and P**,

along with the actuaP, for the United States (full sample) in Figure 9, and for France, the United
Kingdom and United States (zoom on the 1985:01 - 2003:04 sample) in Figures 10 to 12. An
assessment of these figures shows that the fit is pretty good and that, as expected by the discussion
of hypothesis 3P* andP** are quite close. This evidence reinforces the idea that the long-term
interest rate should not enter the long-run relationship between stock prices and earnings. A look
at theR? (given in the last column of the two tables) nevertheless shows that any stock market
forecasting exercise will have a hard time at being economically (or financially) significant, at least
on a quarterly basis. Indeed, tR8 is between 5% and 13%, with Denmark being the exception
with a higherR? of 16% (nominal data). Thed® levels are consistent with results previously given

in the literature, taking into account the fact that the left-hand side variable of the VECM is a stock

return.

5.2. Short-term dynamics

To characterize the short-term dynamics, we first focus on the variance decomposition of the log
stock index to ascertain if the bond yield could partially explain the variante(Bf in the short-
run. In a second step, we estimate the single-equation ECM (as given by Equation (12)) to look at

the possible contemporaneous influence of changes in the bond yigidRn

The results from the variance decomposition are presented in Tables V and VI. In both tables,
the left panel is for the nominal data, while the right panel is for the real data. Because the results
are similar for the nominal and the real data, we focus on the discussion of the nominal data. Not
surprisingly, the variance of the stock price is mainly explained by its own innovations; innovations
in the earnings do not matter much on a short-term basis. Regarding the long-term bond yields, albeit
their influence was weak in the long-run relationships, they appear to influence the variance of the
stock prices in the short-run, whatever the variable ordering. Broadly speaking, this result could be
consistent with arbitrage effects and/or carry trades that could take place in the short run. Moreover,
and even if bond yields do not matter much for long-term stock market valuation, increasing bond
yields tend to raise the cost of borrowing (for example for investors who bought stocks on margin),

which could lead some investors to unwind speculative positions.
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Since most of the long-term interest rate fluctuations are known to be explained by the inflation
rate, the size of the bond yield’s impact on the short-run variance of the stock price might be con-
nected to the country’s history in terms of expected inflation stabilization. Taking into account the
results of Tables V and VI, three categories of countries may be highlighted regarding the impact
of the bond yield on stock prices: very low but stable impact, very large but stable impact and a in-
termediary category with moderately large impact. In the first category, we only have Switzerland,
which is consistent with the long and stable history of this country in terms of monetary policy’s ob-
jectivel* Not surprisingly, we put the United States, the United Kingdom and Canada in the second
category. Indeed, these countries were affected by instabilities in the monetary policy’s objectives
over the sample. In turn, these inflation uncertainties affected the investors expectations. This is
particularly true for the United States as suggested by Favero and Mosca (2001) and Clarida, Gali,
and Gertler (2000). By anchoring its exchange rate to the US dollar, the Canadian monetary policy
imported the same instability. For the third category of remaining countries, the impact is moder-
ately large. Repeated devaluations up to 1987 and stability since then characterize France. Italy has
enjoyed stability since the launch of the European single currency, but has a long history of financial
problems. For Australia and Denmark, the impact is quite low (between 7% and 9%). At around
14%, the result for the Netherlands is somewhat surprising, although this is consistent with Harasty
and Roulet (2000).

The estimation results given in Table VII also contribute to this discussion. This table pertains to
the estimation of the single-equation ECM as expressed in Equation (12). For the short-term analy-
sis, theAr; column is particulary interesting, as it gives the impact of the contemporaneous change
in the bond yield on the change in the stock prigd=or Switzerland and the Netherlands, the con-
temporaneous effect is weak and not significant. For the other countries, the impact is statistically
significant, although the range of the; coefficient is quite large. Canada and the United Kingdom
feature the largest effect, while Australia, France and Italy are not far behind Canada. The impact is
the lowest for Denmark and the United StatBJhis table also shows that there is no ‘momentum’

effect (save for Denmark, in the terminology of Harasty and Roulet, 2000) for the stock market,

14Note also that Switzerland is the country with the lowest (among our sample of 13 countries) real long-term interest
rate over the sample period.

15A key feature of the single-equation ECM is that it features contemporaneous terms on the right-hand side. While
this formulation explicitly details the contemporaneous effects, it is hard to use in a forecasting framework as scenarios
for the right-hand side variables must be made prior to computing the forecasts (the VECM only features lagged variables
on the right-hand side). Moreover, it is subject to a 2-step estimation. However, the single-equation approach is often
used by financial institutions which use that kind of model in conjunction with a scenario analysis.

18For the United States, one must keep in mind that the long-term somewhat mattered in the long-run relationship.
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i.e. no significant AR(1) effect for the stock returns, which is consistent with the weak form of the

Efficient Market Hypothesis (EMH).

6. Conclusion

For thirteen countries and over a time span of three decades, this paper looks at the possible long-
run relationship between earnings, stock prices and interest rates (proxied by long-term government
bond yields). The starting point of our analysis is the nowadays much discussed Fed model which
relates the equity yield of a stock index to the prevailing 10-year government bond yield. In its
strictest form, the Fed model argues that the ‘fair value’ equity yield for the index should be equal
to the 10-year government bond yield. In the first part of the paper, we show, as some other authors
previously did, that the rationale of the Fed model is seriously flawed from a theoretical point of
view. Indeed, the Fed model relates a real quantity (the stock index earnings yield) to a nominal
bond yield. In the same vein, the important issue of inflation (and what is called inflation illusion)

is not addressed as the Fed model would (wrongly) mechanically drive down stock prices when
inflation goes up. Correspondingly, very low inflation would (wrongly) warrant very low earnings

yields, hence extremely high P/E ratios.

In the second part of the paper, we address this issue from an empirical perspective. More
precisely, we estimate cointegrated models for the thirteen countries in our dataset and ascertain if
there exists a long-run relationship between the earnings index, the stock index and the long-term
government bond yield. Our empirical results show that such a long-run relationship indeed exists
for many countries (including the United States and the United Kingdom) but that the long-term
government bond yield igsot statistically significant in this relationship. Put simply, the long-
term government bond yield does not affect the ‘equilibrium’ stock market valuation. Focusing
next on the short-term effects, we nevertheless show that rising/decreasing bond yields do impact
contemporaneous stock market returns and thus have an important short-term impact on the stock
market. The fact that the bond yield is left out of the picture in the long-run relationship is in
agreement with the academic literature that stresses the importance of valuation ratios (such as the
P/E ratio) appraising for long-run stock market performance. It is also bad news for market pundits
who argue that very low interest rates warrant very low earnings yields, hence very high stock prices

not supported by adequate earnings.
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Table |
Unit root tests.

Country In(E) In(Ey) In(P) In(P) In(R)

c c+Ht c c+t c c+Ht c c+t c
Australia 0.38 0.16 0.11 0.06 0.87 0.07 074 O 0.73
Austria 0.88 057 0.70 053 090 036 0.74 0.29 0.77
Belgium 0.21 005 047 031 092 040 086 0.16 0.83
Canada 0.58 0.02 0.04 0.09 095 008 091 016 0.82
Denmark 031 0.05 043 0.02 091 004 093 0.01 0.92
France 0.22 049 058 037 088 024 087 007 0.80
Germany 085 035 082 054 085 020 0.77 0.14 0.3
Italy 0.76 090 0.80 052 079 083 067 031 0.84
Japan 039 084 038 0.75 059 096 0.70 0.88 0.79
Switzerland 0.82 0.13 068 0.17 095 0.10 0.93 0.07 0.26

The Netherlands 0.62 0 0.56 0 091 0.28 090 0.11 0.78
United Kingdom 0.27 0.35 0.11 0 081 0.62 0.78 0.34 0.90
United States 056 005 062 030 096 010 094 0.09 0.70

P-values for the ADF unit root tests for the log earnings index, log real earnings index,
log stock index, log real stock index and log government bond yield. The P-values
reported in the table refer to the null hypothesis of a unit root in the given series.
The time period is 1973:01 - 2003:04 (quarterly data) for all countries. The column
¢ indicates that a constant was included in the unit root test, while the catuatn
indicates that both a constant and time trend were included in the ADF test.
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Table IV
Forward-looking returns.
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Table V
Variance decompositions for the log stock

index and log real stock index (1).

Australia
In(P), explained by innovations in In(P,), explained by innovations in
In(E) In(P) In(R)) In(E) In(P) In(R))
Quarters ahead I Il I Il I Il I Il I Il I Il
1 1.9 0 956 975 25 25
4 69 23 872 918 59 59
20 29.3 193 637 737 7 7
Canada
In(P), explained by innovations in In(P,), explained by innovations in
In(E) In(P) In(R)) In(Er) In(R) In(R))
Quarters ahead I Il I Il I Il I Il I Il I Il
1 1.6 0O 848 864 136 136 1 0 843 853 147 147
4 1.7 0 738 754 245 246 06 02 733 737 261 26.1
20 44 11 693 727 263 262 04 18 693 67.8 303 303
Denmark
In(P), explained by innovations in In(P,), explained by innovations in
In(E) In(P) In(R)) In(E) In(P) In(R))
Quarters ahead I Il I Il I Il I Il I Il I Il
1 1.8 0 966 978 22 22 14 0 958 972 28 28
4 06 18 918 906 76 76 05 15 898 888 97 97
20 235 314 672 593 93 93 206 288 679 59.7 115 115
France
In(P), explained by innovations in In(P,), explained by innovations in
In(E) In(P) In(R)) In(E) In(P) In(R))
Quarters ahead I Il I Il I Il I Il I Il I Il
1 3.6 0 945 98 19 2 3 0 94 971 3 2.9
4 25 04 88 902 95 94 17 04 852 865 131 131
20 147 55 768 86 85 85 89 26 79.2 855 119 119
Italy
In(P), explained by innovations in In(P), explained by innovations in
In(E) In(P) In(R)) In(E) In(P) In(R))
Quarters ahead I Il I Il I Il I Il I Il I Il
1 3.2 0 952 984 16 16
4 09 14 909 904 82 82
20 09 52 842 799 149 149

Variance decompositions (1, 4 and 20 quarters ahead) for the log stock index (left panel) and for
the log real stock index (right panel) in the VECM models. There are two variable orderings: 1, for
In(R), In(E) andIn(P); Il, for In(R), In(P) andIn(E) (and correspondingly for the right panel: I,

for In(R), In(E;) andIn(R); Il, for In(R), In(P;) andIn(E,)).
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Table VI

Variance decompositions for the log stock index and log real stock index (11).

Quarters ahead
1

4

20

Switzerland
In(P), explained by innovations in In(P,), explained by innovations in
In(E) In(P) In(R)) In(Er) In(P) In(R))
I I I l I I I I I I I I
5.9 0 933 991 09 09 46 0 94 986 14 14
45 03 929 97 26 27 15 16 939 938 46 46
113 15 858 957 28 28 06 2 929 915 65 65

Quarters ahead
1

4

20

The Netherlands
In(P), explained by innovations in In(P,), explained by innovations in

In(E) In(P) In(R)) In(E,) In(P) In(R))
R | T | O Y SO | R IR |
01 0 992 993 07 07 0O 0 994 994 06 0.6
08 05 909 913 83 83 04 04 87 87 126 126
107 91 757 774 136 135 02 0.2 838 838 16 16

Quarters ahead
1

4

20

United Kingdom
In(P), explained by innovations in In(P,), explained by innovations in

In(E) In(P) In(R)) In(E) In(R) In(R))

[ Il [ Il [ Il [ I [ I [ I
0.3 0O 798 801 199 199 04 0 744 748 252 252
07 12 762 757 231 231 08 01 632 639 359 359
16 192 609 578 231 23 23 36 599 586 378 378

Quarters ahead
1

4

20

United States
In(P), explained by innovations in In(P), explained by innovations in

In(E) In(P) In(R)) In(E) In(R) In(R))

[ Il [ Il [ Il [ I [ I [ I
1.9 0 9.1 97 3 3 22 0 938 96 4 4
24 04 829 849 147 147 18 0.1 836 853 146 146

297 219 469 547 234 234 149 7.8 645 717 206 205

Variance decompositions (1, 4 and 20 quarters ahead) for the log stock index (left panel) and for
the log real stock index (right panel) in the VECM models. There are two variable orderings: 1, for
In(R), In(E) andIn(P); Il, for In(R), In(P) andIn(E) (and correspondingly for the right panel: I,

for In(R), In(E;) andIn(R); II, for In(R), In(P) andIn(E;)).
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Table VII

nominal and real data.
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Figure 1. Australia and Canada. From top to bottom: earnings yield, earnings yield/government
bond yield and cointegration relationship (nominal data). Left figures are for Australia, right figures

for Canada.
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Figure 2. Denmark and France. From top to bottom: earnings yield, earnings yield/government
bond yield and cointegration relationship (nominal data). Left figures are for Denmark, right figures
for France.
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Figure 3. Switzerland and The Netherlands. From top to bottom: earnings yield, earnings
yield/government bond yield and cointegration relationship (nominal data). Left figures are for
Italy, right figures for The Netherlands.
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Figure 4. United Kingdom and United States. From top to bottom: earnings yield, earnings
yield/government bond yield and cointegration relationship (nominal data). Left figures are for
United Kingdom, right figures for United States.
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Figure 5. Australia (forward-looking returns vs cointegration relationship). Top four graphs:

from top left to bottom right: 3-month, 12-month, 24-month and 60-month forward-looking re-
turns on the stock index vs the estimated cointegration relationship The straight line is the
fitted line from the an OLS regression. The bottom four graphs are defined similarly, but for the
forward-looking returns vs the constrained cointegration relationsiny {.e. the coefficient for

the government bond yield is constrained at zero).
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Figure 6. France (forward-looking returns vs cointegration relationship). Top four graphs: from

top left to bottom right: 3-month, 12-month, 24-month and 60-month forward-looking returns on the
stock index vs the estimated cointegration relationstiip (The straight line is the fitted line from

the an OLS regression. The bottom four graphs are defined similarly, but for the forward-looking
returns vs the constrained cointegration relationshig,(i.e. the coefficient for the government
bond yield is constrained at zero).
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Figure 7. United Kingdom (forward-looking returns vs cointegration relationship). Top four
graphs: from top left to bottom right: 3-month, 12-month, 24-month and 60-month forward-looking
returns on the stock index vs the estimated cointegration relationshipThe straight line is the
fitted line from the an OLS regression. The bottom four graphs are defined similarly, but for the
forward-looking returns vs the constrained cointegration relationsiny {.e. the coefficient for

the government bond yield is constrained at zero).

36



N . — "
0.2 + ([ + ylamxr] N
L I [ 4, + o+
+ Ty o -+,
+ oyt + L e .
. W 0.25) C R e, T
A S e S S [ P L
L n o et R et L T g T vyt
0.0 T Q}f)r*}/:ﬁ + I * F o i*t// oy E
e o+ .
’ e R T ey 0.00 T s
T e BRI + o+ o+ [ T + PP
t + + L - + 4 +
+ + + o ¥ 1S it
+ + + + [+ T +
+ + rF + .
I o -0.25[- PO
-0.2¢ i .
4 L +
. -0.50F
O S S RS R S SR SR B [
-2.8 -2.6 -2.4 -2.2 -2.0 -2.8 -2.6 -2.4 -2.2 -2.0
+ + y24mxcr ot r| + + y60mxcr PR
0.50 e LR L ©
F R S 1.0 Wt F
+ + Mo+ +
+ + *ji; ¥ L +
0.25- RS T P
e +
r + 4 fri-;r‘}* ++¢++ I * + o+ 4 #Jr T
T o4 ot T
+ e o+ + ot +
T T4y + B Fit
0.00 o + + 0.5+ et AAR .
T + + - T + + Jj L
= 4+ 4 L ) H o+t ++
_ L + + L “,/«“”// + + +
0.25 . . L A SN
8 + + +
+ + 0.0 + +
L+ +
-0.50 * + o+
N B N [ [ b [ | b | L [
-2.8 -2.6 2.4 -2.2 -2.0 -2.8 -2.6 -2.4 -2.2 -2.0
[ + [ +
0.2H *+ + y3mxcr2 + rl+ + yl2mxcr2 .
t + + L + + +
+ + 4 S T+
+ + g tj S 0.25+- + +*f?*§ + +
+ o+ fﬁ# o [ N o T
L o et P e b e o
* + *aiJrﬁt/ffr/”i*}’r;‘ Es r A e S
0.0 P LT 0.00 B
L + o+ PR + + . o1
t- + T +ot * 8 Tt o+ +
b [ + + o+ + *+
L + N ++ + oy + i . *
+ + +
2’ + A —0.25* + o+ 4
-0.2¢ - .
. L
. -0.50,
T S S B S  BE| S (S B S S|
-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2
+ + y24mx cr2 H Fl + + y60mx cr2 +
0.50 Y £y ey A
gyt +
t o+ F e 4 F 1.0 A M *
ot 4T e el hy + o+ +
0.25(- oty i .
+ T + + 4k
L + et =4 + W+t o, L. /ﬁ*
+ I o -+ L . %*@ﬂ} T
0.00 e B e t = 0.5+ ,/—::’""f*/lr o +
i b T e
L + t + . L 4 e N + +
. | + + L F 4 +
0.25 + o+ th + L e S +
L T + +
+ + 0.0 T F +
-0.501 . o
S B S S S B R RO o
-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2

Figure 8. United States (forward-looking returns vs cointegration relationship). Top four
graphs: from top left to bottom right: 3-month, 12-month, 24-month and 60-month forward-looking
returns on the stock index vs the estimated cointegration relationshipThe straight line is the
fitted line from the an OLS regression. The bottom four graphs are defined similarly, but for the
forward-looking returns vs the constrained cointegration relationsiny {.e. the coefficient for

the government bond yield is constrained at zero).

37



2005

2000

1995

1990

1985

1980

TOTMKUSPI -+
——-FAIR2
1975

1970

1200 -

Figure 9. United States (stock index and fair values), 1973:03 - 2003:04ctual stock index
(TOTMKUSPI) and fair values as forecasted by the VECM model: FAIR is the forecast based
on the original VECM model, FAIR2 is the forecast based on the constrained VECM model (the
coefficient of the government bond yield is constrained at zero in the long-run relationship).
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Figure 10. France (stock index and fair values) 1985:01 - 2003:0Actual stock index (TOTMK-

FRPI) and fair values as forecasted by the VECM model: FAIR is the forecast based on the original
VECM model, FAIRZ2 is the forecast based on the constrained VECM model (the coefficient of the
government bond yield is constrained at zero in the long-run relationship).
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Figure 11. United Kingdom (stock index and fair values) 1985:01 - 2003:04Actual stock index
(TOTMKUKPI) and fair values as forecasted by the VECM model: FAIR is the forecast based
on the original VECM model, FAIR2 is the forecast based on the constrained VECM model (the
coefficient of the government bond yield is constrained at zero in the long-run relationship).
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Figure 12. United States (stock index and fair values), 1985:01 - 2003:0Actual stock index
(TOTMKUSPI) and fair values as forecasted by the VECM model: FAIR is the forecast based on the
original VECM model, FAIR2 is the forecast based on the constrained VECM model (the coefficient
of the government bond yield is constrained at zero in the long-run relationship).
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