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STOCK VALUES AND FUNDAMENTALS: LINK OR IRRATIONALITY?
by Fabio Fornari and Marcello Pericoli*

Abstract

In this paper, econometric techniques are employed to analyze the continuous and
remarkable growth which has characterized international stock markets since 1995. The
Campbell and Shiller dividend discount model, a dynamic version of Gordon’s formula
commonly employed byinancial analysts to rate individuéims, is the main tool of the
paper. Given the information set available at any time, the future values of the real interest rate
and the expected growth of dividends are evaluated and employed as explanatory variables for
the current dividend yield. The results of the econometric analysis demonstrate that current
dividend yields are not in line with the expected trend in the underlying variables, for all the
countries considered. A decline in the real interest rate or an increase in the expected growth
of dividends, or a combination of the two, could reconcile fundamentals and current dividend
yields. The assessment of whether or not such divergences are rational cannot be made safely
on the basis of expectations of the fundamentals derived from the econometric scheme. These,
in fact, rest on the hypothesis of rational expectations for agents utilizing the full information
set of past informatiarof course, information related to a larger set, including survey data, or
the effects of shifts in economic regimes are excluded in this setup.

JEL classification: G12, G15.
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1. Introduction and main findings®

This paper analyzes the continuous and remarkable growth which has characterized
international stock exchanges since 1995. If the values of the stock indices at the beginning of
1995 are set at 100, the levels as at December 1999 were 308 in the US, 259 in Italy, 258 in
Germany, 305 in France, 210 in the UK and 110 in Japan. Excluding Japan, where the stock
market has only recently recovered from the losses of 1997-98, the indices grew by 167.6
percent, or an average annual compuonded rate of 25 percent (Figure 1). This value is well

above the return on any bond issued in any industrial country (Figure 4).

The size of the capital gains in the stock exchanges led many commentators and
monetary authorities, in particular the Federal Reserve, to publicly announce that the stock
indices, especially those in the US, contain an irrational component since the fundamentals
did not support such high gains. Since 1997, a sizeable correction has often been considered

imminent.

This sentiment has found support in a number of studies that use traditional valuation
schemes to consider the actual values of stocks that are not in line with the expected
fundamentals (see Kennedy al., 1998). They observe that dividend yields (the dividend
to price ratio of a stock) have fallen sidjgiantly in the last two years, to levels that are close
to the values preceding the crash of October 1@8&alogously, the price to earnings ratios
(hereafter price/earning) have increased rapidly to values that are higher than their average
over the last twenty yeafsThese trends evidence that stock owners are willing to accept a
very low expected return (the dividend yield is indeed a measure of the real dividead
Section 3).

This paper analyzes stock market trends utilizing an econometricfigpdion of a
dynamic pricing scheme for stocks. To illustrate the model, a preliminary analysis is based

I The authors wish to thank Fabio Panetta for many helpful suggestions, Andrea Beltratti and participants
at the “Ricerche sull'industria dei servizi mobiliari” meeting held by CONSOB in Milan, Italy, 30 November
1 December 1998, and at the “European Meeting of the Econometric Society 1999” (ESEM99) held in Santi-
ago de Compostela, Spain, 29 Augusfl. September 1999, and an anonymous referee. Responsibility for any
views or errors contained in the paper rests only with the authors. E-filnari@hotmail.com and peri-
coli.marcello@jinsedia.interbusiness.it, respectively.

2 According to market analysts the equilibrium value of the price to earnings ratio should be diftseto
Japan is an exception, with histofigures much above this benchmark.



on the so-called Gordon’s formula (1962), commonly employedfimancial analysts to rate
individual firms it may be considered a static spacation of the dynamic pricing scheme
which equates the equilibrium values of the dividend yield, the real interest rate, the risk
premium and the expected growth of dividends. In the econometric representation of the
pricing scheme proposed by Campbell and Shiller (1988b and; 188%eforth referred to

as CS), the current set of information is employed, in any period, to evaluate the future values
of the real interest rate and the expected growth of dividends which will be employed as
explanatory variables for the current dividend yjdhis scheme is consistent with Gordon’s
hypothesis that the price of a stock coincides with the present value of the future dividend
stream. In this paper the original scheme of CS, which analyzes the relationships among the
dividend yield, real interest rate, expected growth of dividends and past values of the dividend
yield, has been mofied to account for the relation between stock values afidtion too,

under the hypothesis that changes in the latter do rfhtence the real interest rate and the

expected growth of dividends with the same timing and intensity.

The static Gordon’s formula evidences, for all countries except Japan, that the actual
dividend yields are too low to be jufied by fundamental variables considered in this paper.
To equate the dividend yield, real interest rate, expected dividend growth and risk premium,
either the risk premium or the real interest rate has to fall, or else economic growth has to
accelerate. This conclusion is strengthened by the dynamic Gordon’s formula in the version
of CS, which coffirms the existence of a relationship between stock values and fundamentals,

however marginally, in only two of the twelve cases examined.

2. Static analysis of the relation between stock prices and fundamentals

The eficient market hypothesis, widely adopted in fimancial literature, implies that a

stock price expressed in real ternd3, is given by

(1) P, = bE (Piy1 + Dia|It)

whereb is the real discount ratd); is the real dividend distributed to stockholders in period

t, E(-) is the expectation operator ardis the publicly available information set in period



t, which includes at least past and current dividends. Equation (1) can be solved recursively
forward to yield:

@ P, = W E(DyilL) + V'E (PallL)
j=1
In order to rule out the existence of speculative bubbles we assume that lim
b"E (Dy1|1;) = 0; thus, for n — oo (2) becomes

©) P, = VE(Dy|L)
j=1
which states that the current stock price coincides with the discounted value of the future

dividend stream.

This evaluation scheme is used in the next Section in order to examine recent trends in
the stock market. Before running these econometric efficiency tests, it can be useful to have
a preliminary outlook of the relationship between stock values and fundamental s through the
following identity, introduced by Gordon (1962):

(4) dy,=Dy/P,=r,— g + 0y

where dy, isthedividendyield, r, isthereal interest rate, g, isthe expected growth of dividends
(which can be assumed to be proportional to the expected rate of growth of the economy), o, is
the risk premium embedded in the stock investment.® It is worth noting that, from atheoretical
standpoint, (4) holds true only if the stock market isin equilibrium: all of the variablesin (4)
should not deviate from the long term values. In other words, this relation is not expected to
hold instantaneously in any one period, but it has to hold, on average, for a sufficiently large
number of periods. Hence, at timet, the relation will record an error, ;, which will encompass
the disequilibrium entity needed to maintain the identity:

3 Thepriceof astock isgiven by theinfinite discounted sum of the future dividend stream P, = >3 | (f g)l;jl ;

assuming a constant rate of growth of dividends g, so that D;, = D (1 + g)?, we have P, = ,,TDQ- Introducing
uncertainty on the expected dividend stream and rearranging the terms we obtain equation (4).
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(5) dyt:Dt/P)fETt_gt+O-t+€t-

The calculation of the individual terms of (5) islikely to produce useful insights. In fact,
giventhree of thefour variables, it is possibleto calculate the implied value of thefourth; these,
compared to current values, can proxy market disequilibrium, incorporating the component &,
too. For example, given the risk premium, the expected rate of growth of dividends and the
real interest rate, it is possible to obtain the implied value of the dividend yield.

Figures 1 to 3 show historical monthly valuesfrom January 1973 of stock market indices,
dividend yields (dy) and price/earnings ratios (pe) for the G6 countries. As frequently noted
last year by market participants and some monetary authorities, asimilarity may be established
between the period preceding the October 1987 crash and current stock market conditions.

Figure 1
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Figure 2

DIVIDEND YIELDS
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Figure 4
BOND INDICES IN LOCAL CURRENCY
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As in 1987, a dramatic decrease in the dividend yield and a corresponding increase in
the price/earnings ratio can be evidendaoth elements signal excessive movements of stock
prices with respect to their fundamental variables, i.e. earnings or dividends.

The exceptional rise in stock markets is also highlighted by a comparison with bond
indices, shown in Figure 4. At the end of last year, no bond index above 140, but all the stock

market indices averaged far above, at levels close to 250.

We calculate the values of some relevant variables consistent with the current level of
the dividend yield with equation (5). The expected growth rate of divideqdss Calculated

with the following formula, which is widely used in corpordiaance’

4 Ineguation (6), D isthedividend, P price and E earnings, for agiven stock. dy/ep = (D/P)/(E/P) =
D/E isthe pay-out ratio, the distributed earnings quota, and heheedy/ep is the plow-back ratio, the share
reinvested in the enterprise. is a proxy for thereturn on equity ratio (ROFE). The expected growth can be
calculated by multiplying the plow-back ratio by th& E.
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(6) g= {1 — Z;T/J;} 7.

The values obtained through (6) are substituted with those derived in an analogous
analysis by Kennedy et al. (1998), so as to have comparable results. The risk premium is
computed asthe average difference between stock returns and bond returnsfrom 1983 to 1998.
Historic values for all four variables (dividend yield (dy), expected growth rate of dividends
(9), risk premium (o) and real interest rate (r)°), benchmark variables of our analysis based on
the Gordon formula, are shown in Table 1. A preliminary estimate of the coherence between
dividend yields and fundamentals is shown in Table 2.

Table 1
INTERNATIONAL STOCK MARKETS: CURRENT AND HISTORICAL DATA

Dividend Red Risk Expected rate
yield interest rate premium  of growth of dividends
) @ 0 (4) (5) (6)
December long short average IMF earningsx
1998 term term 1983-98 avg. 1998-99 real rate
us 1.33 3.04 354 3.46 2.50 2.16
Japan 0.97 0.57 0.01 4.27 2.00 0.60
Germany 1.44 3.17 2.67 4.44 2.25 2.51
UK 3.03 1.96 3.80 4.29 2.25 1.26
France 243 3.64 3.06 5.65 2.15 1.98
Italy 1.78 227 1.67 4.28 2.20 1.43

Note: the Table reports quarterly data for the variables in (1) recorded at the end of
1997. The dividend yield is given by the ratio of dividends to prices of each national
stock market. The short term real interest rate is given by the 3 month euromarket
rate délated by the current CPI fiation rate. The long term real interest rate is

given by the interest rate on 10 year government bonésted by the current CPI

inflation rate. The risk premium is given by the average differential between ex-post
stock returns and ex-post government bond returns from 1983 to 1998. The potential
growth of dividends is computed in two ways: (5) IMF estimates and (6) multiplying

non distributed earnings by the long term interest rate.

5 Thered interest rate at time ¢ is calculated as the difference between the nominal interest rate and the
change in the consumer price index on ayear on year basis ending at time .
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Table 2
GORDON’S STATIC FORMULA: IMPLIED DIVIDEND YIELD
(based on OECD forecasts for the expected rate of growth of dividends)

implied value as of
value December 1998

(@) (b)
United States 2.54 1.33
Japan 0.57 0.97
Germany 2.92 1.44
United Kingdom  1.71 3.03
France 3.49 243
Italy 2.07 1.78

Note: datain the first column are dividend yields resulting from equation (4): we fixed
the risk premium, the expected growth rate and the real interest rate at their current
values and calculated the implied dividend yields as a residual. The second column
reports historical dividend yields as of December 1998.

Table 3
GORDON’S STATIC FORMULA: IMPLIED REAL INTEREST RATE
(based on OECD forecasts for the expected rate of growth of dividends)

implied value as of
value  December 1998

United States 1.88 3.04
Japan 0.96 0.57
Germany 1.73 3.17
United Kingdom  3.31 1.96
France 2.64 3.64
Italy 2.07 2.27

Note: datain the first column are dividend yields resulting from equation (4): we fixed
the risk premium, the expected growth rate and the dividend yield at their current
values and calculated the implied dividend yields as a residual. The second column
reports historical dividend yields as of December 1998.
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With the exception of Japan, where the dividend yield should fal dramaticaly to
reach negative values, significant increases of this variable should be observed. Even if the
phenomenon is particularly relevant in Italy and the United States, the expected increaseisalso
significant in Germany and the United Kingdom and, to a lesser extent, in France. Repeating
the exercise with the real interest rate as a benchmark variable, the current dividend yields
would embed expectations of lower values for this variable in the G6 area (Table 3), with the
exception of Japan. Expected real rates should decrease in Italy and the United States, and less
markedly in the United Kingdom, France and Germany.

Table 4
GORDON’S STATIC FORMULA: IMPLIED GROWTH RATE

implied historical
value  1998-99
(a) (b)
United States 3.66 2.3
Japan 161 1.3
Germany 3.69 2.4
United Kingdom  0.90 1.8
France 3.15 2.1
Italy 2.49 1.8

Note: data in thdirst column are dividend yields resulting from equation (4):fixed

the risk premium, the real interest rate and the dividend yield at their current values
and calculated the implied dividend yields as a residual. The second column reports
historical dividend yields as of December 1998.

The expected change in the real interest rate seems at odds with the trends in the
fundamentals of these economiesparticular, the expected real interest rates in Italy should
fall significantly below the levels recorded in the past decade. The same conclusion can be
inferred from the trends in the expected growth of dividenkis latter variable, which tracks
expected GDP growth, should increase to values that are out of line with current business cycle
momentum (Table 4). All the results shown in Tables 2-4 must be interpreted cautiously, as

they are based on a simple accounting framework (and not on a dynamic model of stock prices)
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aswell ason simplified estimates of risk premia; however, they lead to the conclusion that the
current dividend yields discount a sizeable decline in real interest rates or an increase in the

expected growth of the leading economies.

3. Dynamic analysis of the relation between stock values and fundamentals

3.1 The traditional macroeconomic setup

The dynamic model of Gordon presented in the next Section is an attempt to overcome
the difficulties encountered in the macro-finance literature by more directly analyzing the
second order moments of the relevant variables. The nfawaioce models traditionally
assume that there exists an investor who trades freely in assaibtain(1 + R;;.,) and
has a discount factor equal &o After taking the logs of the relevant variables, fivst order
condition can be expressed as:

1
(7) 0= E(rig+1) + Ee(meg) + 5[012 + 02, + 20

where E;(-) denotes expectations conditional on the information/setvalaible at time,
my1 IS the logarithm of the intertemporal marginal rate of substitubi%‘%;), o? and o2,
arethe unconditional variances of thei-th’s asset return and of the marginal rate of substitution,
respectively, and;,, is the covariance between these two variables. For a riskless Astet,

above relation becomes:

1
(8) rri1 = —Ei(megr) — 507271-

Subtracting the latter from the former one yields the expression for the risk premium or

the excess return of an asset:

9) Eyrigs1 — rpg1) + 207 = —

Oim

N —

which states that the risk premium is related to the covariance term.
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Working with power utility functions of the following type:

C/ -1
1 —_ =t -
(10) UiG) = =1
where C; denotes consumption and - is the coefficient of relative risk aversion, the expression

for the risk premium may be written as:

2
(11) Eyriter — rpe] + 72 = Y0ic.
Unfortunately, in this kind of model one needs a coefficient of relative risk aversion that

istoo high, generally greater than 10, to produce significant results.

Epstein and Zin (1989, 1991) and Weil (1989) developed a more flexible version of the
basic power utility model, restrictive insofar as the elasticity of intertemporal substitution, v,
is the reciprocal of the relative risk aversion. In their models the utility function is specified

as
1o =
(12) U= {(1-8)C,7 + 8BS
inwhich
1 —
(13) b= 1= 7
P

so that when v = % — 0 = 1 and the basic power utility result is obtained as a specific case.
Following Campbell (1998), the expression for the risk premium in this setup is:

0-2 Tic
(14) Eirivia] — rree + 72 =0 ” + (1 —0)oww

where o,y is the covariance between asset © and the market portfolio. This model nests the

consumption Capital Asset Pricing Model with power utility, when § = 1, as well as the
traditional static Capital Asset Pricing Model, when 6 = 0. In this case, as pointed out by
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Campbell (1998), there are also difficulties in bringing the empirical evidence in line with

the model’s predictions. What the two previous models have outlined is that an important
job to be confronted is that of appropriately modeling the second order moments of stock
prices and macroeconomic variables, since these are the main determinants of theoretical risk
premia. One attempt in this direction has been made by Campbell and Shiller (1988, 1989), as
illustrated in the next Sectiothey developed a framework linking changes in dividend yields

to movements in interest rates and expected growth.

3.2 Dynamic Gordon’s formula and Campbell and Shiller’s model

This Section presents the results of a markétieincy test. As in théinancial assets
valuation literature, it measures the excess variability of observed stock indices with respect to
projections based on fundamentals (dividends, earnings, real interest flateyr.

If xx is the present value of anfinite flow of dividends and: is the market value of the
stock, the tests for the excess variability of the stock market are based on the comparison of
the variability of the observed seri&aur(z) and that of the foreca$tar(z+), the latter being
obtained from the model of Gordon (1962) presented in the last Subséction.

A large number of studies has demonstrated that, at least for leading countries, the
variability of the observed series is substantially greater than the variability of the projections
based on the dividend-yield model (i.e. the dynamic version of Gordon’s model), contradicting
the theoretical relation thafar(zx) > Var(x).

West (1988) develops an alternative test for the excess variability in stock markets, which
can also quantify the phenomenon. To illustrate the model, consjdestationary variable

with zero mean. The test is based on the comparison of the linear projectioPof.e. its

6 The relevance of the tests aimed to identify an excess volatility in stock prices can be presented with
the following example. Let us consider a variable xx, with expected value z = E(xx), so that zx = = + u,
where u ~ (0, 0?) isthe forecast error with zero mean and homoskedastic variance. By definition, the error is
uncorrelated with the expectation © = E(zx); hence Var(zx) = Var(z) + Var(u). Fromthisfollows:

Var(zx) > Var(zx)

The variance of the expected variable x has Var(xx) as an upper bound. In other terms, if x is the opti-
mal forecast ofrx, whenzx is regressed on the vectfr, x|’ the coeficient of x should equall. Testing
whetherVar(x) is larger thanV ar(xzx) corresponds to testing the hypothesis that the regressioficbesetf,
Cov (z,x%) //Var (x) Var (z*), would be less thah. See also LeRoy and Porter (1981).
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expected value conditional on the information set 7, and the expected value conditional on the
information set H C I, where I contains at least the present and past values of z. Given a

discount factor b (0 < b < 1), one can show that

(15) E [«TtH -P (xtH’Htfl)]Q >k [xtl -P (xtI’Itfl)]Q

where z,; = lim P (Zf:o bthﬂ-\It) and a = lim P (Zf:o bthH\Ht).

Equation (15) indicates that the variance of the forecast for x, conditional on the
availability of aninformation set H, that isasubset of 7, exceedsthe same variance conditional

on I.” In other words, less information produces greater variability.

An important extension of the model developed by West, which hasled to alarge number
of other papers (for an example see Shiller, 1989, and Kupiec, 1993), can be obtained by
relaxing the hypothesis of constancy of the expected returns, as put forward in Campbell and
Shiller (1988; 1989).

The relationship between price, dividend and return is given by P, = £e142e1 Taking

1+7ri41
the natural logarithm of the previous formula, we get (lowercase letters denote logarithm and

caps indicate estimated parameters):

(16) Ti11 = log (Pry1 + Dyy1) —log (Pr) = pry1 — pe +1og [1 4 (di1 + prgr)]

and expanding with Taylor’s formula around the average dividend yield, we obtain

(17) Tep1 Rk +bpg + (1 —0)depr — py

whereb = 1/ (1 + exp (d — p)) with (d — p) equal to the logarithm of the average dividend-
yield andk = —log (b) — (1 — b)log (1/b — 1). Solving recursively equation (17), taking the

expected value and ruling out speculative bubbles thraught™E (p;,|l;) = 0, we have

” 1t must be recalled that the linear projection produces the minimum mean quadratic error in the class of
linear operators.
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k
(18) pt—m‘*-E

D V(1= b)dirr — reiaeg] | It] :
=0

The equation may also be written in terms of the logarithm of dividend-yield:

k

(19) dy —py = m

+E

ij [Tt+1+j - Adt+1+j] ’ It] .
§=0

The latter model, known as the dividend yield model is just a dynamic version of
Gordon’s scheme (1962). To estimate (19) consider the vector of demeaned vatiables
[d — p,r, Ad] or, in the case of the enriched model which also includes tfiation rater, as
a determinant of stock values, = [d — p, r, Ad, 7];® the dynamics of; can be represented

with the followingfirst order VAR scheme:

(20) Zt+1 = AZt + W1

wherew ~ (0, 02).

Defining

(21) ¢\ =[1,0,0], ¢, =[0,1,0], ¢}, = [0,0,1]

we obtain, trivially:

/

ez = d—p
/ p—

ez = T

esz = Ad.

8 Theinflation rateisincluded since we assume that it has a non neutral impact on stock pricesin rea terms
through the tax treatment of earnings and dividends and through the existence of a premium on the real interest
rate.
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Conditional forecast of VAR models has the following form:

(22) E [zt+j ‘ It] = Ajzt.

Using equation (19) of the dividend yield model and equation (22) of the forecast model
scheme, we obtain:

(23) dy —pr = €1z = Z V(e — es] A7z
=0

or, alternatively, computing the infinite sum of terms &’ (e}, — e) A’*!, the econometric
estimation of the market efficiency condition (19) is calculated with the equivalent ssmpler
specification:

(24) ez = (ey —ey) A(I — bA)_1 2.

The latter, though equivalent to (19), evidences the similarity between the empirical
VAR scheme and the theoretical requirement of Gordon’s scheme that the dividend yield may
be explained by the present value of thénite sum of future real rates and expected growth
of dividends such values are obtained in (24) as the solution of a geometric progrédsion.
follows from (24) that the estimated dividend yield, i.e. the value obtainable by the expected
changes in the fundamentals, can be expressed as the difference between an interest-driven

component

(25) (d—p), = A (1 - bA) o

and a dividend-driven component

9 Itisknown that the progression (I +bA + b2 A? + b3 A3 + ....) z;, which represents al| the future values of
the variables contained in the vector z; according to the VAR scheme from time ¢ to infinity, has as alimit value
I(I - bA)_lzt.
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, 4 A\ —1
(26) (d—p),, = 4A (1 - bA) 2

The validity of the model necessitates that a given number of restrictions on the
parameters be satisfied. If (24) holds for the variables belonging to =z at each time ¢, then
the following relation must also hold true, being an hypothesis that may be verified via a non-

linear Wald test?

(28) e = (e — ) AT —bA)™".

Another way to interpret the above expression regards the inability to forecast stock
returns. If (28) is not rejected then stock returns cannot be forecasted and the hypothesis of

market eficiency cannot be statistically rejected.

4. Data and preliminary estimation of the dynamic model of Gordon

As mentioned in the last Section, the VAR scheme is a tool used to evaluate, consistent
with the behaviour of economic agents, the expected values of the relevant variables (real
interest rate and expected growth of dividends) from the instant at which the evaluation
is initiated to ifinity. The knowledge of such values is fundamental since the price of a
stock coincides with the expected value of the futfiev of dividends. Thus, the VAR
model attempts to replicate the process by which markets generate expectations: to this aim,
expectations are conditional upon the set of information available at that precise instant only.
To obtain a preliminary idea of the empirical relevance of the model, we formulated a dynamic
version of the Gordon’s model, with static expectations, i.e. with the current values of all the
variables as the best forecast of their future values. Based on such hypothesis we estimated

six vector error-correction models (VECM) which, after being solved, evidence the long-run

10 In Section 4 we test a modified version of (28) obtained by post-multiplying the left-hand and the right-
hand member byl — bA); this gives a set of linear restrictions, namely

(27) ) (I —bA)=(ey —e5) A

which is equivalent to stating that the one period dividend yield is unpredictable. Conversely (28) says that the
VAR forecast of the future real dividend yield is equal to the logarithm of the current dividend yield.
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relationship between the relevant variables, dividend yield, real interest rate, output growth

and inflation. The general form of such equations, expressed in terms of first differencesis:*

(29) Azy = pu+ Zp: DAz j+aBz 1 +e

j=1
where p is a vector of congtants, z’ = [z/,1] =[d — p,r,g,1] is a vector containing the
logarithm of the dividend yield, the real interest rate and the deviation of GDP from its
exponential trend, a constant, proxy for the risk premium, A is the first difference operator,
a isthe (4 x r) loading matrix (i.e. a measure of the average speed of convergence towards
long run equilibrium) and 3 isthe (4 x r) cointegration vector matrix, where r is the number
of cointegration equations between the four variables, ¢, ~ M N(0,X). The terms in first
differences in (29) identify the short-run dynamics of the dividend yield, i.e. the adjustment
process which follows a stock market shotke terms in levels in (29), idefied by the
coeficients of the matrix3, capture the long-run relation among the variables.

First, we performed a Johansen cointegration test in order to identify the number of
cointegration equations: for all of the six countries we found one cointegration equation at the
5 per cent sigiicance levelsee Table 3.1. The estimates of the cointegration vector are here
reported. Second, we tested the restriction implied by the Gordon formula (4), i.e. that the
cointegration vector is equal {o, —1, 1, k|; the p-value for this test is shown in the last row of
Table 6% The existence of one cointegration equation supports the relation between dividend
yields and fundamentals which, however, departs from the simple version of the Gordon rule.

' TheVARisdefinedas z, = p+ >%_; Cjz; + . With smple algebraic passages, we obtain its ECM
representationwhere a3’ = —(I —Cy —Cy — ... — Cp) andT'; = —(Cjy1 + ...+ C,). awand 3 have dimension
(p x r) wherer isthe cointegration rank, see [15].

(€3]

12 With one cointegration vector the matrix a3’ becomes gz (81, B2, B3, B4]. The restriction tested in

(&1

thelast row of Table 3.1 correspondstoimposing 3; = 1,08, = —1and 853 = 1.
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Table
NORMALISED COINTEGRATION VECTOR
USA Jgpan Germany UK  France Italy
d—p 1.000 1.000 1.000 1.000 1.000 1.000
r -0.900 -0.292 0.251 -0.157 0.415 0.214
g 1.603 0.122 -0.122 0.312 -0.196 -0.291
constant -1.301 -0.617 -2.662 -3.769 -5.347 -3.309
rank 1** 1* 1** 1** 1* 1*
LR test
r=20 39.30 29.80 44.78 5197 30.25 32.40
r=1 11.31 12.76 18.41 18.82 1096 14.24
r=2 0.15 0.00 1.29 6.84 2.43 2.11
restriction®
p-value 0.63 0.01 0.00 0.13 0.00 0.00

Note — coeficients in bold have the opposite sign. — The statistics for the LR ratio
at the 5 (1) % sigricance level are 29.68 (35.65), 15.41 (20.04) and 3.76 (6.65),
respectively. — */** the null hypothesis of rank equal to 1 is not rejected at the 5/1%
significance level. < The restriction tests the null hypothesis that the cointegration

vector wag1, —1, 1, k] with k& free.

Summarizing the results of Table 6: with the exception of the United States, Japan and
the United Kingdom, the estimated long-run doménts relative toy do not have the sign
predicted by Gordon’s modgh Germany, France and Italy the real interest rate also does not
have the correct sigmwith the exception of Japan, the risk premium (proxied by the constant
term) is large, ranging in value from 1.3 to 5.3. Moreover, the relation implied by the Gordon
formula (4) is rejected in all but the United States and the United Kingdomthe other
four countries the model reveals the existence of a puzzling relationship between dividend

yields and fundamentals, albeit such result might be dependent upon the assumption of static

expectations.
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In the next Section, the assumption of static expectations will be replaced by an
econometric model aimed to reproduce the mechanism by which economic agents predict

fundamentals.

5. The results of the Campbell and Shiller model

In this Section tests for market efficiency are carried out with the model proposed by
Campbell and Shiller (1988b). In the authors' specftication, this scheme adopts a VAR model
composed of three variables: the dividend yield, the short-term real interest rate and the rate
of growth of dividends. Hiciency holds only if the restrictions reported in (28) are ik
implying that the current value of the stock index equals the present valuefidhef future
dividends this hypothesis is analysed through a Wald t&stnlike the original work of CS,
we enlarge the information set so as to include tHiation rate;under these conditions, the
test is no longer based upon nine linear restrictions of the parameters but on twelve linearized
restrictions. Itis useful to recall that the CS model can also be used to decompose the dividend
yield series into components due to each of the explanatory variables. One can thus isolate
the individual contributions to the overall serjése most important of these is the component
of the the expected rate of growth of dividends. The latter and the test of the validity of the
restrictions in (28) are briy reported in Figures 5-10 and in Table 7, respectively. From Table
7 one may conclude that thefiefency hypothesis is acceptable in just one sixth (2 out of 12)
of the cases: for Germany in the restricted and unrestricted model (in the latter, stock prices
depend not only on dividends and earnings, but also fiation}, in the remaining cases the
hypothesis is rejected at the 1 percent level offc@nce. Figures 5-10 show the log-dividend
yields along with their forecasts based on the unrestricted model given by the future trend of
dividends, as indicated in (26)he Figures also report a one-standard deviatiorfidence
interval for the estimated dividend yields.

13 Notethat if time seriesin z areintegrated of order onethen |I — bA| ~ 0 sinceb is approximately 0.95. In
this case the null hypothesis given by (28) is not easily testable and we should test (27). However non stationarity
of the VAR does not guarantee non singularity and this implies that the VAR forecast is not accurate.
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Restricted model® Unrestricted model®
United States 2457 (0.00) 19.09 (0.00)
Japan’ 41.55 (0.00) 30.12 (0.00)
Germany* 37.98 (0.03) 35.84 (0.01)
United Kingdomi  42.28 (0.00) 35.64 (0.00)
France’ 73.32 (0.00) 49.81 (0.00)
Italy’ 35.53 (0.00) 34.21 (0.00)

Table

TEST OF THE STOCK MARKET EFFICIENCY RESTRICTIONS

v

Notes: (*) VAR with 2 lags; the degrees of freedom are 6 and 8 for the restricted and
unrestricted model, respectively. (“)VAR with 6 lags; the degrees of freedom are 18

and 24 for the restricted and unrestricted model, respectively. (““)VAR with 1 lag; the
degrees of freedom are 3 and 4 for the restricted and unrestricted model, respectively.

The test for market efficiency is a Wald-type test given by (27)it is asymptotically
distributed as a2. The model is estimated on quarterly averages observed between
January 1974 and June 1998®r Japan the model adopts a different measure for
the expected growth of dividends. The variables are demeaned. In parentheses we
report the p-value of the teshe values reported in bold indicate that théaéncy
hypothesis is accepted at the 1 percent sigance level. ) The restricted model
assumes as determinant of the stock indices just the historical values of the dividend-
yield and the short-term real interest rate, as well as the expected growth of output.
(%) The unrestricted model, unlike the restricted one, also includes the change in the
inflation rate as a determinant of stock indices.

According to the Campbell and Shiller model, dividend yields are low in all six countries.
It is important to recall that the results reported in Table 7 and in Figures 5-10 must not
necessarily give the same results, since the test in the Table denotes a concept of average
significance of the relationship between stock indices and fundamentals while Figures 5-10

show the trends in observed afittied values.

Although the overall conclusion supports the hypothesis according to which the
relationship between dividend yields and fundamentals is weak, it is important to point out
the existence of three different situations: i) in the US and UK, the current dividend yields
fall within the corfidence bangii) in Japan and France, they fall outside the band, but they
are close to the lower edgm Italy and Germany there is a sizeable gap between the current

values and the lowest extreme of the idance band.
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Figure 5
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Figure 6
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Figure 7
FRANCE

.75

.50 1

.00

.75 L B B B B L A B B S I B B N B
1974 1978 1982 1986 1990 1994

current (bold) and forecast (plain) log demeaned
series with one standard deviation confidence band

Figure 8
ITALY

.0 L e B B B B B B B B Lt B B B
1974 1978 1982 1986 1990 1994

current (bold) and forecast (plain) log demeaned
series with one standard deviation confidence band



-1.0 L I O B B O L B L O L B B B B B B

-0.75 LI L L B L L B L L B L L B B B L B B UL BN B

29

Figure 9
JAPAN
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current (bold) and forecast (plain) log demeaned
series with one standard deviation confidence band

Figure 10
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Appendix I

Methodological issues

Reduction of a p-th order into a 1-st order difference equation

Every p-lag VAR model can be written as a 1-lag VAR using the companion matrix
notation. Namely, every three demeaned variable VAR model with p lags

(30) 2 =Mz + Aszp o+ FA &

where thez’s ande are (3 x 1) vectors and thel’s are(3 x 3) matrices can be written as a

first order difference equation

[ Zt T i A1 AQ s Ap—l Ap 1T 21 T [ €t ]
- 3£3 393 o 00 A2 3x1
(31) : = : : Do+
: o o --- 0 0 : :
| Zt—pt+1 | | 0 o .- I 0 | | z—p | 0
or, letting
[z ] (A Ay o Ay Ay [ e ]
ztfl 3£3 393 o 0 0 3x1
Ly = : VA = : : : : and E; = :
: o o --- 0 0 :
| Zi—pt1 | . o 0 - I 0 | 0

we can aso write (31) asal-lag VAR model, namely

(32) 7y = AZi_ + Ei.



31

Linear Wald test with p=I

With p=1, the transformed Wald test given by (18), namely e} (I — bA) = (e, — ¢4) A,
can be written as

1 aip a1z a3 0 ayl a2 a3
(33) 0 3] \ —b | az ax as = 1 a1 Qg a3
0 x az1 dasz ass -1 az1 dasz ass
and simplifying
1 / 1 —ban —bayy —bay3 0 / aix a2 Qi3
(34) 0 —bay; 1 —bazy —bass = 1 a1 Gy A3
0 —baz;  —bazs 1 —bass -1 asz; asp as3
(35) (1 — bayy, —bayo, —bG13) = (a21 — 31,022 — Q32,023 — a33)

which is equivalent to the following non-homogenous system

ban + a91 — ag; = 1
(36) balz + a9o — g9 = 0
ba13 + Q93 — Q33 = 0.

Consider the followingrec operator which transforms(@ x n) matrix into a(n* x 1)

vector by stacking the rows, namely

vec (A) = [Gn, a12, Ay, dai, 22, A3, 431, A32, a33]' =0

letr = (1,0,0) and

=

|
oo
o ot O
> OO
o O =
O = O
_ o O
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a[3p x (3p x 3)] matrix. Then restriction (36) can be written as

(37) RB=r

which isthe usual notation for linear restrictions. Then we can carry out the usual Wald test

(39 X (3p) = (r — RB) [RE.R] " (r — R).

Linear Wald test with p=2

With p = 2, (32) becomes

- 1 1 1 2 2 2 -
ay; Qg Qi3 G1p A1 Agg

1 1 2 2
Q51 Ggp G53 Agy A9 Aoz
I —b Q3; A3p Q33 A3y G3p d3g

1
0
0

(39) o | L 1 0 0 0 0 0
0
0

=R =
DN N

0o 1 0 0 0 O
L 0 0 1 0 0 0 j]

0 T ah @%2 a%3 @%1 G%Q @%3 |

1 a%l @52 a%3 @%1 agQ @%3
_ -1 a%l @§2 a§3 @:«231 agQ @:«233

0 1 O O 0 0 O

0 0 1 O o0 0 0

0 | 0 O 1 0O 0 0 |

where afj indicates the element of the i-th row andj-th column in theA, matrix;, after

manipulation

(40) (1 - ba%lu _babu _ba%?w _ba%D _ba%% _bai‘i)

_ 1 11 11 1 2 2 2 2 2 2
= (a21 — Qg31, A9y — U39, Ag3 — Ug3, A1 — Qg1, Qg9 — (3, Qg3 — a33)

which can be written as the following non-homogenous system
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bal, +ad; —ad, =1
ba%2 + a%z — a%z =0
ba;{3 + a§3 - azla?, =0
ba% + agl - af«zn =0
ba% + a§2 - a§2 =0
ba%3 + a§3 — a§3 = 0.

(41)

Defining vec(A) = 3, r = (1,0,0,0,0,0) and

ro 00000100000 -1 0 0 0 0 0017
ob000O0O0O1TO0O0OO0OO0CTO0OC -1 0 0 0 O
n— ocoos»0000O0OL1TO0O0O0OO0OO0O O -1 0 0 O
ooo0os»00O0OO0OO0OCTOO O O O -1 0 O
oooo0os000O0OO0OLTO O O O O =1 0
Lo oooo0obsb000OOCOLT O O O O 0 -1

a[3p x (3p x 3)] matrix, then (41) can be written as R3 = r and the null hypothesis can be
tested through aWald test given by (38).
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Confidence interval for the VAR

The VAR given by (32) is easy to use in forecasting. Forecastsin period 7" for horizon
h =1 may be obtained recursively as

(42) zrpyr = Avar + Aszp oy - FApzra

and for longer horizons h > 1 they may be obtained recursively as

(43) 2renr = Arzrpn—r + Aszron—or + - F Az pir

where zr. ;ip = 24 for j < 0. The forecast errors are

RT+1 — AT+1|T = UT+1
2142 — Zr4or = Uryo + Arurg

(44)

2reh — 2740 T = Ureh + Prurypo1 + o+ Ppoqurp
where
(45) o= DAy s=1,2,..,

=1

where &y = I3 and A; = 0 for j > p. The MSE matrix of an h-step forecast is

h—1
(46) 2, (h) =k { [ZT—HL - ZT+h|T} [ZT—i-h - ZT+h\T}/} = Z ‘I)qu’;~
§=0

The conditional covariance given by (46) is unbounded in the case of integrated process
ash — oo. Hence, uncertainty increases without bounds for forecasts in the distant future. If

the process is stationary, it can be proved that (46) approaches a constant, namely
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(47) lim ¥, (h) =) @5, =V
=0

h—o0

which is bound by the unconditional covariance X3, of z;.

The confidence interval is given by

(48) [6/12T+h|T — 041,7/20'1 (h) ;6/12T+h|T + 041,7/20'1 (h)} R h = 1, 2, Ce

where a5 isthe (1 — %) 100 percentage interval point of the standard normal distribution
and o, (h) denotes the square root of the first element of X, (h), that is the standard deviation
of the h-step forecast error for the variahiez,.
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