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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 by¿nancial analysts to rate individual¿rms, 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 information� of 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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�� ,QWURGXFWLRQ DQG PDLQ ¿QGLQJV1

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 KennedyHW DO., 1998). They observe that dividend yields (the dividend

to price ratio of a stock) have fallen signi¿cantly in the last two years, to levels that are close

to the values preceding the crash of October 1987� analogously, the price to earnings ratios

(hereafter price/earning) have increased rapidly to values that are higher than their average

over the last twenty years.2 These trends evidence that stock owners are willing to accept a

very low expected return (the dividend yield is indeed a measure of the real dividend� see

Section 3).

This paper analyzes stock market trends utilizing an econometric speci¿cation of a

dynamic pricing scheme for stocks. To illustrate the model, a preliminary analysis is based

4 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 August� 1 September 1999, and an anonymous referee. Responsibility for any
views or errors contained in the paper rests only with the authors. E-mail:IBIRUQDUL#KRWPDLO�FRP andSHUL�
FROL�PDUFHOOR#LQVHGLD�LQWHUEXVLQHVV�LW, respectively.

5 According to market analysts the equilibrium value of the price to earnings ratio should be close to¿fteen.
Japan is an exception, with historic¿gures much above this benchmark.
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on the so-called Gordon’s formula (1962), commonly employed by¿nancial analysts to rate

individual ¿rms� it may be considered a static speci¿cation 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 1989� henceforth 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 yield� this 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 modi¿ed to account for the relation between stock values and inÀation too,

under the hypothesis that changes in the latter do not inÀuence 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 justi¿ed 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 con¿rms the existence of a relationship between stock values and fundamentals,

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

�� 6WDWLF DQDO\VLV RI WKH UHODWLRQ EHWZHHQ VWRFN SULFHV DQG IXQGDPHQWDOV

The ef¿cient market hypothesis, widely adopted in the¿nancial literature, implies that a

stock price expressed in real terms,�
|
, is given by

�
|
' K. E�

|n�
n(

|n�
mU

|
�(1)

whereK is the real discount rate,(
|

is the real dividend distributed to stockholders in period

|, .E�� is the expectation operator andU
|

is the publicly available information set in period
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|, which includes at least past and current dividends. Equation (1) can be solved recursively

forward to yield:

�
|
'

?[
�'�

K�. E(
|n�

mU
|
� n K?. E�

|n?
mU

|
� �(2)

In order to rule out the existence of speculative bubbles we assume that *�4
?<"

K?. E(
|n�

mU
|
� ' f� thus, for ? $ 4 (2) becomes

�
|
'

"[
�'�

K�. E(
|n�

mU
|
�(3)

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 ef¿ciency tests, it can be useful to have

a preliminary outlook of the relationship between stock values and fundamentals through the

following identity, introduced by Gordon (1962):

_+
|
' (

|
*�

|
� o

|
� }

|
n j

|
(4)

where _+
|
is the dividend yield, o

|
is the real interest rate, }

|
is the expected growth of dividends

(which can be assumed to be proportional to the expected rate of growth of the economy), j
|

is

the risk premium embedded in the stock investment.3 It is worth noting that, from a theoretical

standpoint, (4) holds true only if the stock market is in equilibrium: all of the variables in (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 suf¿ciently large

number of periods. Hence, at time |, the relation will record an error, 0
|
, which will encompass

the disequilibrium entity needed to maintain the identity:

6 The price of a stock is given by the in¿nite discounted sum of the future dividend streamSw @
S
4

l@4

Gw.4�l

+4.u,
l�4 �

assuming a constant rate of growth of dividends j, so that Gw.s @ G +4 . j,s, we have Sw @
G

u�j
. Introducing

uncertainty on the expected dividend stream and rearranging the terms we obtain equation (4).
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_+| ' (|*�| � o| � }| n j| n 0|�(5)

The calculation of the individual terms of (5) is likely to produce useful insights. In fact,

given three of the four variables, it is possible to calculate the implied value of the fourth� these,

compared to current values, can proxy market disequilibrium, incorporating the component 0|

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 values from January 1973 of stock market indices,

dividend yields (_+) and price/earnings ratios (Re) for the G6 countries. As frequently noted

last year by market participants and some monetary authorities, a similarity may be established

between the period preceding the October 1987 crash and current stock market conditions.

Figure 1
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Figure 2
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Figure 3
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Figure 4
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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 evidenced� both 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 dividends (}) is calculated

with the following formula, which is widely used in corporate¿nance:4

7 In equation (6), G is the dividend, S price and H earnings, for a given stock. g|@hs @ +G@S ,@+H@S , @
G@H is the pay-out ratio, the distributed earnings quota, and hence4 � g|@hs is the plow-back ratio, the share
reinvested in the enterprise.u is a proxy for theUHWXUQ RQ HTXLW\ UDWLR (URH). The expected growth can be
calculated by multiplying the plow-back ratio by theURH.
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} '

�
�� (*�

.*�

�
o�(6)

The values obtained through (6) are substituted with those derived in an analogous

analysis by Kennedy HW DO. (1998), so as to have comparable results. The risk premium is

computed as the average difference between stock returns and bond returns from 1983 to 1998.

Historic values for all four variables (dividend yield (_+), expected growth rate of dividends

(}), risk premium (j) and real interest rate (o)5), 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

,17(51$7,21$/ 672&.0$5.(76� &855(17 $1' +,6725,&$/ '$7$

Dividend Real Risk Expected rate
yield interest rate premium of growth of dividends
(1) (2) (3) (4) (5) (6)

December long short average IMF earnings�
1998 term term 1983-98 avg. 1998-99 real rate

US 1.33 3.04 3.54 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 2.43 3.64 3.06 5.65 2.15 1.98
Italy 1.78 2.27 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 deÀated by the current CPI inÀation rate. The long term real interest rate is
given by the interest rate on 10 year government bonds deÀated by the current CPI
inÀation 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.

8 The real interest rate at time w is calculated as the difference between the nominal interest rate and the
change in the consumer price index on a year on year basis ending at time w.



14

Table 2

*25'21¶6 67$7,& )2508/$� ,03/,(' ',9,'(1' <,(/'

(based on OECD forecasts for the expected rate of growth of dividends)

implied value as of
value December 1998

(a) (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 2.43
Italy 2.07 1.78

Note: data in the ¿rst column are dividend yields resulting from equation (4): we ¿xed
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

*25'21¶6 67$7,& )2508/$� ,03/,(' 5($/ ,17(5(67 5$7(

(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: data in the ¿rst column are dividend yields resulting from equation (4): we ¿xed
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 fall dramatically to

reach negative values, signi¿cant increases of this variable should be observed. Even if the

phenomenon is particularly relevant in Italy and the United States, the expected increase is also

signi¿cant 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

*25'21¶6 67$7,& )2508/$� ,03/,(' *52:7+ 5$7(

implied historical
value 1998-99

(a) (b)
United States 3.66 2.3
Japan 1.61 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 the¿rst column are dividend yields resulting from equation (4): we¿xed
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 economies�in particular, the expected real interest rates in Italy should

fall signi¿cantly below the levels recorded in the past decade. The same conclusion can be

inferred from the trends in the expected growth of dividends� this 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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as well as on simpli¿ed 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.

�� '\QDPLF DQDO\VLV RI WKH UHODWLRQ EHWZHHQ VWRFN YDOXHV DQG IXQGDPHQWDOV

3.1 7KH WUDGLWLRQDO PDFURHFRQRPLF VHWXS

The dynamic model of Gordon presented in the next Section is an attempt to overcome

the dif¿culties encountered in the macro-¿nance literature by more directly analyzing the

second order moments of the relevant variables. The macro-¿nance models traditionally

assume that there exists an investor who trades freely in asset� to obtainE� n -
�c|n�� and

has a discount factor equal toK. After taking the logs of the relevant variables, the¿rst order

condition can be expressed as:

f ' .
|

Eo
�c|n�� n .

|

E6
|n�� n

�

2
dj2

�

n j2
6

n 2j
�6

o(7)

where.
|

E�� denotes expectations conditional on the information setU
|

avalaible at time|,

6
|n� is the logarithm of the intertemporal marginal rate of substitutionKL

�

ES|n��

L

�ES|�
c j2

�

and j2

6

are the unconditional variances of the �-th’s asset return and of the marginal rate of substitution,

respectively, andj
�6

is the covariance between these two variables. For a riskless asset,s , the

above relation becomes:

o
sc|n� ' �.

|

E6
|n��� �

2
j2

6

�(8)

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

the excess return of an asset:

.
|

do
�c|n� � o

sc|n�o n
�

2
j2

�

' �j
�6

(9)

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:

L d�
|

o '
��3�

|

� �

�� �
(10)

where �
|

denotes consumption and � is the coef¿cient of relative risk aversion, the expression

for the risk premium may be written as:

.
|

do
�c|n� � o

sc|n�o n
j2

�

2
' �j

�S

�(11)

Unfortunately, in this kind of model one needs a coef¿cient of relative risk aversion that

is too high, generally greater than 10, to produce signi¿cant results.

Epstein and Zin (1989, 1991) and Weil (1989) developed a more Àexible version of the

basic power utility model, restrictive insofar as the elasticity of intertemporal substitution, �,

is the reciprocal of the relative risk aversion. In their models the utility function is speci¿ed

as:

L
|

'
q
E�� B��

�3�

w

|

n BE.
|

L �3�

|n�
��*w

r w

�3�

(12)

in which

w '
�� �

�� �

�

(13)

so that when � ' �

�

$ w ' � and the basic power utility result is obtained as a speci¿c case.

Following Campbell (1998), the expression for the risk premium in this setup is:

.
|

do
�c|n�o� o

sc|n� n
j2

�

2
' w

j
�S

�
n E�� w�j

�`

(14)

where j
�`

is the covariance between asset � and the market portfolio. This model nests the

consumption Capital Asset Pricing Model with power utility, when w ' �, as well as the

traditional static Capital Asset Pricing Model, when w ' f� In this case, as pointed out by
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Campbell (1998), there are also dif¿culties 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 Section�they developed a framework linking changes in dividend yields

to movements in interest rates and expected growth.

3.2 '\QDPLF *RUGRQ¶V IRUPXOD DQG &DPSEHOO DQG 6KLOOHU¶V PRGHO

This Section presents the results of a market ef¿ciency test. As in the¿nancial assets

valuation literature, it measures the excess variability of observed stock indices with respect to

projections based on fundamentals (dividends, earnings, real interest rate, inÀation).

If %� is the present value of an in¿niteÀow 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 seriesT @oE%� and that of the forecastT @oE%��, the latter being

obtained from the model of Gordon (1962) presented in the last Subsection.6

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 thatT @oE%�� � T @oE%�.

West (1988) develops an alternative test for the excess variability in stock markets, which

can also quantify the phenomenon. To illustrate the model, consider%, a stationary variable

with zero mean. The test is based on the comparison of the linear projection of%, �, i.e. its

9 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 {�, with expected value { @ H+{�,, so that {� @ { . x,
where x � +3> �5, is the forecast error with zero mean and homoskedastic variance. By de¿nition, the error is
uncorrelated with the expectation { @ H+{�,� hence Y du+{�, @ Y du+{, . Y du+x,. From this follows:

Y du+{�, � Y du+{,

The variance of the expected variable { has Y du+{�, as an upper bound. In other terms, if { is the opti-
mal forecast of{�, when{� is regressed on the vector^4> {`3 the coef¿cient of { should equal4. Testing
whetherY du+{, is larger thanY du+{�, corresponds to testing the hypothesis that the regression coef¿cient,
Fry +{> {�, @sY du +{,Y du +{�,, would be less than4. See also LeRoy and Porter (1981).
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expected value conditional on the information set U , and the expected value conditional on the

information set M � U , where U contains at least the present and past values of %. Given a

discount factor K (f 	 K 	 �), one can show that

. d%|M �� E%|M mM|3��o
2 � . d%|U �� E%

|U
mU
|3�

�o2(15)

where %
|U
' *�4
&<"

�
�S

&

�'f
K�(

|n�
mU
|

�
and %

|M
' *�4
&<"

�
�S

&

�'f
K�(

|n�
mM

|

�
.

Equation (15) indicates that the variance of the forecast for %, conditional on the

availability of an information set M , that is a subset of U , exceeds the same variance conditional

on U .7 In other words, less information produces greater variability.

An important extension of the model developed by West, which has led to a large 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 �
|
' �|n�n(|n�

�no|n�

. Taking

the natural logarithm of the previous formula, we get (lowercase letters denote logarithm and

caps indicate estimated parameters):

o
|n�

' *L} E�
|n�

n(
|n�

�� *L} E�
|
� ' R

|n�
� R

|
n *L} d� n E_

|n�
n R

|n�
�o(16)

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

o
|n�

� & n KR
|n�

n E�� K� _
|n�

� R
|

(17)

whereK � �* E� n i T E_� R�� with E_ � R� equal to the logarithm of the average dividend-

yield and& � � *L} EK�� E�� K� *L} E�*K� ��. Solving recursively equation (17), taking the

expected value and ruling out speculative bubbles through*�4
?<"

K?. ER
|n?

mU
|
� ' f, we have

: It must be recalled that the linear projection produces the minimum mean quadratic error in the class of
linear operators.



20
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&
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The equation may also be written in terms of the logarithm of dividend-yield:

_
|
� R

|
'

&

�� K
n .

%
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�'f

K� do
|n�n�

�{_
|n�n�

o m U
|

&
�(19)

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 variables5� '

d_� Rc oc{_o or, in the case of the enriched model which also includes the inÀation rate,Z, as

a determinant of stock values,5� ' d_� Rc oc{_c Zo�8 the dynamics of5
|

can be represented

with the following¿rst order VAR scheme:

5
|n�

' �5
|
n �

|n�
(20)

where� � Efc j2�.

De¿ning

e�
�
' d�c fc fo c e�

2
' dfc �c fo c e�

�
' dfc fc �o(21)

we obtain, trivially:

e�
�
5 ' _� R

e�
2
5 ' o

e�
�
5 ' {_�

; The inÀation rate is included since we assume that it has a non neutral impact on stock prices in real 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:

. d5
|n�

m U
|
o ' ��5

|
�(22)

Using equation (19) of the dividend yield model and equation (22) of the forecast model

scheme, we obtain:
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(23)

or, alternatively, computing the in¿nite sum of terms K� Ee�
2
� e�

�
���n�, the econometric

estimation of the market ef¿ciency condition (19) is calculated with the equivalent simpler

speci¿cation:

e�
�
5
|
' Ee�

2
� e�

�
�� EU � K��3� 5

|
�(24)

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 the in¿nite sum of future real rates and expected growth

of dividends� such values are obtained in (24) as the solution of a geometric progression.9 It

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

E_� R�
o|
' e�

2

	�
�
U � K 	�

�
3�

5
|

(25)

and a dividend-driven component

< It is known that the progression +L . eD. e5D5. e6D6. ====,}w, which represents all the future values of
the variables contained in the vector }w according to the VAR scheme from time w to in¿nity, has as a limit value
L+L � eD,�4}w.
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E_� R�
_|
' e�
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	�
�
U � K 	�

�
3�

5|�(26)

The validity of the model necessitates that a given number of restrictions on the

parameters be satis¿ed. If (24) holds for the variables belonging to 5 at each time |, then

the following relation must also hold true, being an hypothesis that may be veri¿ed via a non-

linear Wald test:10

e�
�
' Ee�

2
� e�

�
�� EU � K��3� �(28)

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 ef¿ciency cannot be statistically rejected.

�� 'DWD DQG SUHOLPLQDU\ HVWLPDWLRQ RI WKH G\QDPLF PRGHO RI *RUGRQ

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 in¿nity. The knowledge of such values is fundamental since the price of a

stock coincides with the expected value of the futureÀow 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

43 In Section 4 we test a modi¿ed version of (28) obtained by post-multiplying the left-hand and the right-
hand member by+L � eD,� this gives a set of linear restrictions, namely

h3

4
+L � eD, @ +h3

5
� h3

6
,D(27)

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 inÀation. The general form of such equations, expressed in terms of ¿rst differences is:11

{5| ' >n

R[
�'�

K
�
{5

|3�
n kq�75

|3�
n 0

|
(29)

where > is a vector of constants, 75� ' d5�c �o ' d_� Rc oc }c �o 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, { is the ¿rst difference operator,

k is the Ee � o� loading matrix (i.e. a measure of the average speed of convergence towards

long run equilibrium) and q is the Ee� o� cointegration vector matrix, where o is the number

of cointegration equations between the four variables, 0
|
� ��EfcP�. The terms in ¿rst

differences in (29) identify the short-run dynamics of the dividend yield, i.e. the adjustment

process which follows a stock market shock� the terms in levels in (29), identi¿ed by the

coef¿cients of the matrixq, 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 signi¿cance level� see 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 tod�c��c �c &o� the p-value for this test is shown in the last row of

Table 6.12 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.

44 The VAR is de¿ned as }w @ �.
S

s

m@4
Fm}w�m . %w. With simple algebraic passages, we obtain its (&0

UHSUHVHQWDWLRQ where ��3 @ �+L �F
4
�F

5
� ===�Fs, and �m @ �+Fm.4. ===.Fs,. � and � have dimension

+s� u, where u is the cointegration rank, see [15].

45 With one cointegration vector the matrix ��3 becomes

5
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�
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�
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4
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5
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6
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7
`. The restriction tested in

the last row of Table 3.1 corresponds to imposing �
4
@ 4> �

5
@ �4 and �

6
@ 4.
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Table 6

1250$/,6(' &2,17(*5$7,21 9(&725

USA Japan Germany UK France Italy
_� R 1.000 1.000 1.000 1.000 1.000 1.000

o -0.900 -0.292 ����� -0.157 ����� �����

} 1.603 0.122 ������ 0.312 ������ ������

FRQVWDQW -1.301 -0.617 -2.662 -3.769 -5.347 -3.309

rank 1** 1* 1** 1** 1* 1*
LR test
o ' f 39.30 29.80 44.78 51.97 30.25 32.40
o ' � 11.31 12.76 18.41 18.82 10.96 14.24
o ' 2 0.15 0.00 1.29 6.84 2.43 2.11

restrictionE@�

p-value 0.63 0.01 0.00 0.13 0.00 0.00

Note – coef¿cients in bold have the opposite sign. – The statistics for the LR ratio
at the 5 (1) % signi¿cance 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%
signi¿cance level. –E@�The restriction tests the null hypothesis that the cointegration
vector wasd�c��c �c &o with & free.

Summarizing the results of Table 6: with the exception of the United States, Japan and

the United Kingdom, the estimated long-run coef¿cients relative to} do not have the sign

predicted by Gordon’s model� in Germany, France and Italy the real interest rate also does not

have the correct sign� with 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 Kingdom� for the 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.

�� 7KH UHVXOWV RI WKH &DPSEHOO DQG 6KLOOHU PRGHO

In this Section tests for market ef¿ciency are carried out with the model proposed by

Campbell and Shiller (1988b). In the authors’ speci¿cation, 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. Ef¿ciency holds only if the restrictions reported in (28) are satis¿ed,

implying that the current value of the stock index equals the present value of theÀow of future

dividends� this hypothesis is analysed through a Wald test.13 Unlike the original work of CS,

we enlarge the information set so as to include the inÀation rate�under these conditions, the

test is no longer based upon nine linear restrictions of the parameters but on twelve linearized

restrictions. It is 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 series� the 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 brieÀy reported in Figures 5-10 and in Table 7, respectively. From Table

7 one may conclude that the ef¿ciency 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 on inÀation)� in the remaining cases the

hypothesis is rejected at the 1 percent level of con¿dence. 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)� the Figures also report a one-standard deviation con¿dence

interval for the estimated dividend yields.

46 Note that if time series in } are integrated of order one then mL � eDm � 3 since e 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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Table 7

7(67 2) 7+( 672&. 0$5.(7 ()),&,(1&< 5(675,&7,216

Restricted model@ Unrestricted modelK

United States� 24.57 (0.00) 19.09 (0.00)
Japan� 41.55 (0.00) 30.12 (0.00)
Germany�� ����� (0.03) ����� (0.01)
United Kingdom��� 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)

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 ef¿ciency is a Wald-type test given by (27)� it is asymptotically
distributed as a�2. The model is estimated on quarterly averages observed between
January 1974 and June 1998� for 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 test� the values reported in bold indicate that the ef¿ciency
hypothesis is accepted at the 1 percent signi¿cance 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.
(K) The unrestricted model, unlike the restricted one, also includes the change in the
inÀation 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

signi¿cance of the relationship between stock indices and fundamentals while Figures 5-10

show the trends in observed and¿tted 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 con¿dence band� ii) in Japan and France, they fall outside the band, but they

are close to the lower edge� in Italy and Germany there is a sizeable gap between the current

values and the lowest extreme of the con¿dence band.
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Figure 5
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Figure 7
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Figure 9
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Figure 10
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5HGXFWLRQ RI D S�WK RUGHU LQWR D ��VW RUGHU GLIIHUHQFH HTXDWLRQ

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

5| ' ��5|3� n �25|32 n � � � �n�R5|3R n 0|(30)

where the5�s and0 areE�� �� vectors and the��s areE�� �� matrices can be written as a

¿rst order difference equation
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or, letting
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we can also write (31) as a 1-lag VAR model, namely

~| ' �~|3� n .|�(32)
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With p=1, the transformed Wald test given by (18), namely e�
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and simplifying
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which is equivalent to the following non-homogenous system
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Consider the following�eS operator which transforms aE?� ?� matrix into aE?2 � ��

vector by stacking the rows, namely
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a d�R� E�R� ��o matrix. Then restriction (36) can be written as

-q ' o(37)

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

�2 E�R� ' Eo �-q�� d-P5-
�o
3�

Eo �-q� �(38)

/LQHDU :DOG WHVW ZLWK S �

With R ' 2, (32) becomes
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where @&
��

indicates the element of the �-th row and�-th column in the�& matrix� after

manipulation
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which can be written as the following non-homogenous system
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De¿ning �eSE�� ' q, o ' E�c fc fc fc fc f� and
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a d�R� E�R� ��o matrix, then (41) can be written as -q ' o and the null hypothesis can be

tested through a Wald test given by (38).
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The VAR given by (32) is easy to use in forecasting. Forecasts in period A for horizon

� ' � may be obtained recursively as

5An��A ' �
�
5A n �

2
5A3� n � � � �n�R5An�3R(42)

and for longer horizons � � � they may be obtained recursively as

5An��A ' �
�
5An�3��A n �

2
5An�32�A n � � � �n�R5An�3R�A(43)

where 5An��A ' 5An� for � � f� The forecast errors are
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(44)

where

xr '
r[

�'�

xr3���c r ' �c 2c � � � c(45)

where x
f
' U

�
and �� ' f for � : R. The MSE matrix of an h-step forecast is

P5 E�� ' .
q�
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x�Px
�

�
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The conditional covariance given by (46) is unbounded in the case of integrated process

as� $ 4. 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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which is bound by the unconditional covariance P5 of 5|.

The con¿dence interval is given by
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where k
�3�*2 is the

�
�� �

2

�
�ff percentage interval point of the standard normal distribution

and j
�
E�� denotes the square root of the ¿rst element of P5 E��, that is the standard deviation

of the �-step forecast error for the variablee�
�
5|.
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