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Abstract

In long-term US data the stock market dividend yield is a strong predictor of long-
horizon in�ation with a negative slope coe¢ cient. This �nding is puzzling in light of
the traditional Modigliani-Cohn money illusion hypothesis according to which the
dividend yield varies positively with expected in�ation. To rationalize the �nding
we develop a consumption-based model with recursive preferences and money illu-
sion. The model with reasonable values of risk aversion and intertemporal elasticity
of substitution, and either rational or adaptive expectations, implies signi�cantly
negative slope coe¢ cients that increase numerically with the horizon in regressions
of future in�ation onto the dividend yield, in accordance with the data. A purely
rational version of the model with no money illusion, but with a link from expected
in�ation to real consumption growth, also generates a negative in�ation-dividend
yield relationship.
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1 Introduction

The possibility that economic agents su¤er from irrationality in the form of �money illu-

sion�has intrigued economists for more than a century. Since the book-length discussion

of the phenomenon by Fisher (1928), the e¤ects of money illusion has pervaded much

of economic modeling. People who su¤er from money illusion confuse nominal with real

values. For example, they mistakenly consider an increase in the nominal value due to a

generel increase in the price level to be an increase in the real purchasing power. Thus,

they ignore in�ation in processing information and in making decisions.

Following the �IT-bubble�period of the 1990s, several papers have analyzed the e¤ects

of money illusion on stock valuations, e.g. Asness (2000, 2003), Sharpe (2002) and Ritter

andWarr (2002). Some of these studies explicitly make the analysis within the framework

of the socalled �Fed model�, which has been much used by practitioners to value stocks

vs. bonds, and which relates the dividend yield, i.e. the dividend-price ratio, or earnings

yield (a �real�variable) to the nominal bond yield. It is generally recognized that the

�Fed model�does not provide a rational explanation for stock valuations. The apparent

empirical success of this model thus indicates a signi�cant degree of irrationality and

money illusion in the stock market.

Campbell and Vuolteenaho (2004a,b) present a general framework for analyzing money

illusion in the stock market1, and with various modi�cations their framework has been

applied in several recent studies of money illusion in stock and housing markets, e.g.

Brunnermeier and Julliard (2008), Chen, Lung, and Wang (2009), Lee (2010), and Acker

and Duck (2013a,b). An essential part in Campbell and Vuolteenaho�s methodology is

a vector-autoregression (VAR) containing stock returns and additional state variables.

The VAR model is used to infer �objective� (rational) and �subjective� (irrational) ex-

pectations of stock returns and dividend growth (housing returns and rent growth in

the housing market applications), and to obtain a �mispricing�measure that should be

correlated with in�ation if investors su¤er from money illusion.

The empirical applications of this methodology in general show a signi�cant mispric-

ing component that is positively correlated with a proxy for expected in�ation. Within

the framework this positive correlation implies that the dividend-price ratio (rent-price

ratio) is positively correlated with in�ation such that in times of high (low) in�ation stock

(house) prices are �too low�(�too high�) relative to �rational�valuations. Under rational

1Campbell and Vuolteenaho (2004a,b) use the term �in�ation illusion�instead of �money illusion�, but
the two terms refer to the same phenomenon.
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expectations and no money illusion, valuation ratios like the dividend-price ratio should

be unrelated to in�ation. Campbell and Vuolteenaho (2004a,b) and the subsequent stud-

ies cited above interpret the positive correlation between the mispricing component (and

thus the dividend-price ratio) and in�ation as evidence in support of the type of money

illusion suggested by Modigliani and Cohn (1979). Modigliani and Cohn conjecture that

stock market investors, in contrast to bond market investors, su¤er from money illusion

so that they discount real cash �ows with nominal discount rates. Thus, in times of

high in�ation the bond market correctly sets a high nominal interest rate but the stock

market fails to adjust nominal cash �ow expectations. At the time of writing (end of

the 1970s) Modigliani and Cohn�s hypothesis provided an explanation for the depressed

stock prices at the time. Similarly, the hypothesis potentially explains the stock market

boom of the 1980s and 1990s as a result of investors failing to account for the declin-

ing in�ation over that period. Brunnermeier and Julliard (2008) interpret the housing

boom of the 1990s and 2000s as a consequence of house buyers failing to understand

the e¤ects of declining in�ation, in accordance with the Modigliani and Cohn hypoth-

esis. The Campbell-Vuolteenaho methodology is purely empirical and not based on a

speci�c economic model. However, Basak and Yan (2010) present an equilibrium asset

pricing model based on money illusion that can explain the positive relation between the

dividend-price ratio and expected in�ation.

In the present paper we approach the money illusion hypothesis from a di¤erent angle.

Motivated by the analysis in Engsted and Pedersen (2010) we investigate the predictive

power of dividend yields for future in�ation based on a simple rewriting of the Camp-

bell and Shiller (1988a) log-linear present value relation. This relation relates the log

dividend-price ratio to expected future returns and dividend growth. The relation holds

for both nominal and real returns and dividend growth, and under rational expectations

and no money illusion it implies that a change in expected in�ation should - ceteris

paribus - have no e¤ect on the dividend-price ratio. By contrast, under money illusion

the dividend-price ratio will move with expected in�ation. In a regression of actual fu-

ture in�ation on the current dividend-price ratio, the slope coe¢ cient should be 0 under

no money illusion and di¤erent from 0 under money illusion. A further implication of

money illusion is that the dividend-price ratio should predict nominal and real returns

(and dividend growth) di¤erently. These implications can be investigated using simple

multi-period predictive regressions well-known from the �nance literature (e.g. Campbell

and Shiller (1988a,b), Fama and French (1988), Cochrane (2008)).2

2In an analysis similar in spirit to ours, Schmeling and Schrimpf (2011) also use a rewriting of the
Campbell and Shiller (1988a) relation to investigate money illusion in the stock market. However, their
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We present empirical results on long-term US data showing that the dividend-price

ratio is a very strong predictor of future long-horizon in�ation. Regressing long-horizon

in�ation on the dividend-price ratio gives a negative and highly signi�cant slope coef-

�cient with R2 values up to 34%. In addition, the relationship is quite stable across

di¤erent sub-samples and remains robust when controlling for the e¤ects of time-varying

risk-premia. Figure 1 shows the inverse of the dividend-price ratio (i.e. the price-dividend

ratio) and subsequent 20-year in�ation in the US over the period 1871-2012 (note that

the �nal 20-year in�ation observation is the rate of in�ation from 1992 to 2012). The

relationship is clearly visible. An implication of this kind of in�ation predictability is

that real stock returns are more predictable by the dividend-price ratio than nominal

stock returns. This implication is con�rmed in the data. In fact, while real long-horizon

stock returns are signi�cantly predictable, nominal long-horizon stock returns are not

predictable.

Next, we develop an economic model with the aim of explaining the negative relation

between dividend yields and future in�ation. Building on the long-run risk setup of

Bansal and Yaron (2004), our model features Epstein and Zin (1989) and Weil (1989)

recursive preferences and a small persistent component in consumption and dividend

growth. We extend this setup with a speci�cation for in�ation also containing a small

persistent component. In addition, we follow Basak and Yan (2010) and specify the

stochastic discount factor such that it accommodates money illusion, covering the whole

spectrum from no money illusion to full money illusion. Basak and Yan�s model employs

constant relative risk-aversion (CRRA) preferences and iid consumption and dividend

growth. Our model, by contrast, has recursive preferences and non-iid consumption and

dividend growth. These di¤erences turn out to be crucial for generating the negative

relation between dividend yields and future in�ation that we see in the data. Basak and

Yan�s model cannot generate such a negative relation.

Several versions of our model generate a negative relation between dividend yields and

future in�ation. In particular, the model with money illusion and reasonable values of

the degree of relative risk aversion and intertemporal elasticity of substitution, and with

either rational or adaptive expectations, implies signi�cantly negative slope coe¢ cients

that increase numerically with the horizon in regressions of in�ation onto the dividend

yield, in accordance with the data. An alternative version of the model with no money

illusion, but with a positive relation between consumption growth and expected in�ation

focus lies in the use of short-term survey based measures of in�ation, and they test for money illusion
by regressing real stock returns onto lagged values of expected in�ation.
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(following Burkhardt and Hasseltoft, 2012) also generates a negative slope coe¢ cient in

the in�ation-dividend yield regression.

Thus, our analysis and results are consistent with money illusion in the stock market,

although not necessarily the kind of money illusion suggested by Modigliani and Cohn

(1979) and Campbell and Vuolteenaho (2004a,b). Campbell and Vuolteenaho �nd a pos-

itive relation between the dividend yield and a smoothed backward-looking non-rational

measure of expected in�ation. We �nd a negative relation between the dividend yield and

actual future in�ation, and this negative relation is consistent with an economic model

featuring money illusion both under rational and adaptive (non-rational) expectations.

When doing the Campbell-Vuolteenaho analysis on our data using a smoothed backward

looking measure of expected in�ation, we are able to con�rm qualitatively Campbell and

Vuolteenaho�s results for their sample period. However, the results are not robust to

changes in the sample period and to other changes in the modeling setup. In particular,

when using the long-term nominal interest rate as a forward looking proxy for expected

in�ation, the analysis gives a negative relation between Campbell and Vuolteenaho�s

mispricing measure and expected in�ation, in accordance with our direct in�ation pre-

dictability regressions.

The rest of the paper is organized as follows. Section 2 presents the results from

regressing multi-year in�ation, nominal returns, and real returns onto the dividend-price

ratio. In section 3 we develop an economic model to explain the in�ation predictability

results and present simulation results from the model that we compare with the actual

data. In section 4 we investigate the Campbell-Vuolteenaho methodology and apply it

on our data. Section 5 concludes. The Appendix contains a description of the bootstrap

procedure to compute p-values in the predictability regressions, and it gives the detailed

derivations of the central equations of the economic model.

2 Predictive regressions

2.1 The log-linear present value relation

The starting point for our analysis is Campbell and Shiller�s (1988a) log-linear present

value relation for the log dividend-price ratio (the dynamic Gordon growth model)
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dt � pt = Et

1X
j=0

�j(rt+1+j ��dt+1+j)�
c

1� �
; (1)

where dt and pt are log dividends and log stock prices, respectively, and rt is log return.

� = 1=(1+eE(d�p)), and c is a linearization constant. Et and � are the conditional expec-

tations operator, conditional on information at time t, and the �rst-di¤erence operator,

respectively.3

Equation (1) holds for both nominal and real variables. If we de�ne rt+1+j and

�dt+1+j in nominal terms and let �t+1+j denote log in�ation from time t+ j to t+1+ j,

then we can write equation (1) as

dt � pt = Et

1X
j=0

�j[(rt+1+j � �t+1+j)� (�dt+1+j � �t+1+j)]�
c

1� �
(2)

Thus, the dividend-price ratio re�ects expected future returns and/or dividend growth

either in nominal or in real terms. This just re�ects the fact that the dividend-price

ratio is independent of whether dt and pt are measured in nominal or real terms. The

rewrited Campbell-Shiller relation, equation (2), is a dynamic accounting identity that

automatically links the current dividend-price ratio to future long-term returns, dividend

growth, and in�ation. If expectations are fully rational so changes in expected in�ation

are correctly incorporated into both expected nominal returns and expected nominal

dividend growth (the socalled �Fisher e¤ect�), then according to (2) a change in expected

in�ation will not change the dividend-price ratio (unless changes in expected in�ation

a¤ect expected returns or dividend growth through some economic mechanism other

than through the Fisher e¤ect, cf. the discussion in section 2.2). However, if changes

in expected in�ation are not correctly incorporated into either expected nominal returns

or expected nominal dividend growth (or both), then in general a change in expected

in�ation will lead to a change in the dividend-price ratio. To the extent that actual future

in�ation is positively correlated with expected in�ation, the current dividend-price ratio

will then be statistically related to actual future in�ation.

Thus, under no money illusion a change in expected in�ation does not change the

dividend-price ratio. Econometrically, dt�pt should have no predictive power for
P1

j=0 �t+1+j

3Equation (1) is derived based on a �rst-order Taylor expansion of the de�nition of the one-period
return. Thus, there is a linearization error that makes (1) only hold approximately. Engsted, Pedersen,
and Tanggaard (2012a) show, however, that the approximation error is negligible.
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in a regression of long-horizon in�ation onto the dividend-price ratio. However, if dt� pt
in fact does have predictive power in such a regression, it indicates either the presence

of money illusion or that expected in�ation a¤ects expected returns or dividend growth.

Furthermore, such predictability implies that dt � pt will predict nominal and real re-

turns (and dividend growth) di¤erently. As seen from (2), depending on the sign of

in�ation predictability, real returns (and/or dividend growth) will be either more or less

predictable than nominal returns (and/or dividend growth).4

2.2 Empirical results

Table 1 presents regressions of in�ation, nominal returns, and real returns, respectively,

onto the dividend-price ratio:

�t;t+k = ��;k + ��;k (dt � pt) + "�;t+k.

rt;t+k = �n;k + �n;k (dt � pt) + "n;t+k,

(rt;t+k � �t;t+k) = �r;k + �r;k (dt � pt) + "r;t+k.

�t;t+k =
Pk�1

j=0 �t+1+j and rt;t+k =
Pk�1

j=0 rt+1+j denote the sum of one-period log in�ation

and nominal log returns, respectively, from period t to t + k: For k = 1 we compute

t-statistics using Newey and West (1987) hetereoskedasticity and autocorrelation robust

standard errors, while for k > 1 we use Hodrick (1992) standard errors, which for these

types of regressions have better size properties in small samples than those by Newey and

West (1987), cf. Ang and Bekaert (2007). As emphasized by Cochrane (2008, section 5.1)

k needs to be at least 15 to 20 years to get the power gains of long-horizon regressions,

so we let k take the values 1, 5, 10, 15, and 20 years. To account for potential small-

sample bias that can arise due to the use of a highly persistent predictor variable such as

the dividend-price ratio, we also report bootstrapped p-values computed under the null

hypothesis of no predictability (see Appendix 1 for details of the bootstrap procedure).

We use Robert Shiller�s annual US data set, which covers the period 1871-2012. For the

regressions in Table 1 we use S&P stock prices and dividends as well as the Consumer

Price Index to compute nominal and real stock returns, in�ation, and the dividend-price

ratio.
4According to (2) it should be future long-horizon discounted in�ation, returns, and dividend growth

(where the discount factor is �) that are related to dt � pt. Since � is only slightly less than one, in
practice it makes no di¤erence whether the variables are discounted or not. In section 2.2 below we do
not discount with �. We have done all regressions also using discounted values and none of the results
change qualitatively.
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According to the results in Table 1 the dividend-price ratio predicts future in�ation

with a negative sign. For long horizons this predictability is highly signi�cant as seen

from the p-values roughly equal to zero for k = 15 and 20. For k = 5 and 10 we also �nd

evidence of predictability using a 10% and 5% signi�cance level, respectively. Only for

k = 1 we cannot reject that ��;k = 0. Evaluating the R2�s we see that the dividend-price

ratio explains more than 34% of the following 20-year in�ation.

Figure 1 gives a visual picture of the degree of in�ation predictability. The �gure

shows as the solid line the log price-dividend ratio (i.e. minus the log dividend-price

ratio) and the subsequent 20-year log in�ation rate (the dashed line). In�ation stops

at 1992, the last year with a 20-year future in�ation rate (from 1992 to 2012). There

is a clear tendency that the two lines move together. It is particularly interesting to

observe that during the 1970s, where the �depressed�stock market at the time is often

conjectured to coincide with high expected in�ation, the fall in the price-dividend ratio

coincides with falling subsequent 20-year in�ation. On the other hand, the last few years

in the graph may indicate a structural shift: from the beginning of the 1980s, the price-

dividend ratio and subsequent long-term in�ation are negatively related. That period

marks the beginning of the long bull market in the US with the price-dividend ratio

reaching an all-time high in year 2000 followed by a drop. This period is widely believed

to be driven by a speculative bubble (e.g. Shiller, 2000). A bubble may have disturbed

the relationship between the dividend-price ratio and future in�ation during the 1980s

and 1990s. However, the very low level of in�ation the US economy has experienced

in recent years coincides with the declining price-dividend ratio since year 2000, so a

natural conjecture is that after 2000 the dividend yield is negatively related to long-term

expected in�ation.

To further evalute the robustness of our �ndings over time, Figure 2 shows b��;k, the
corresponding t-statistic, and the R2 for k = 20 obtained using both a forward and

backward expanding sample sequence. In both cases the smallest sample size is 50 obser-

vations. In the forward expanding case the �rst sample is 1891-1940 (we begin in 1891

due to k = 20) and then we recursively let the sample end point increase by one. In the

backward expanding case the �rst sample is 1963-2012 and then we recursively let the

sample starting point decrease by one. Correspondingly, in Figure 2 using the forward

expanding sample sequence the horizontal axis gives the sample end point (with the sam-

ple always beginning in 1891), while using the backward expanding sample sequence the

horizontal axis gives the sample starting point (with the sample always ending in 2012).

Evaluating the results we see that the strong negative relation between the dividend-price
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ratio and long-horizon in�ation is not restricted to the full sample period. The slope co-

e¢ cient, b��;k, remains negative for all sub-samples, the numerical t-statistic never drops
below 3:0, and the R2 generally remains high and only falls to 15% in the 1960s and 70s.

Thus, the results based on direct regressions of in�ation on the lagged dividend-price

ratio are robust across sub-samples.

The high degree of in�ation predictability by the dividend-price ratio has important

implications for the conclusions regarding stock return (and dividend growth) predictabil-

ity by the dividend-price ratio. Evaluating return predictability in Table 1, we see that

although the slope coe¢ cient has the theoretically correct positive sign, cf. (1), irrespec-

tive of the horizon nominal returns are statistically unpredictable by the dividend-price

ratio even using a 10% signi�cance level. The dividend-price ratio is, however, a strong

predictor of future real returns. Taking small-sample bias into account we �nd evidence

of real return predictability for k = 5 and 10 using a 10% signi�cance level and for k = 15

and 20 using a 5% signi�cance level in which case the R2 is also around 30%. With no

money illusion, the dividend-price ratio should not predict in�ation and, hence, should

predict nominal and real returns similarly. The interesting implication of our �ndings is

that if returns are truly unpredictable, negative in�ation predictability (induced by e.g.

money illusion) will make real returns predictable, as evidenced by the signi�cant b�r;k
values in Table 1. Conversely, if returns are truly predictable, such in�ation predictabil-

ity may make nominal returns unpredictable, as evidenced by the insigni�cant b�n;k values
in Table 1. We believe that these di¤erences between nominal and real predictability in

the US data are not generally acknowledged, although emphasized by Engsted and Ped-

ersen (2010).5 Whether to interpret the empirical results as evidence of predictability or

unpredictability of returns by the dividend-price ratio naturally hinges on the underlying

economic model.

Before presenting an economic model with money illusion that can explain our em-

pirical �ndings, we end this section by noting that a rational time-varying risk-premium

that is directly a¤ected by in�ation may in principle explain that a lower (higher) divi-

dend yield predicts higher (lower) future in�ation: Assume that higher expected in�ation

decreases the risk-premium and, hence, decreases expected nominal stock returns. Then

there will be two opposing e¤ects at work. In the identity: �Nominal stock return�=

�Nominal risk-free rate�+ �Risk-premium�, an increase (decrease) in expected in�ation

5The mirror image of return (un)predictability is dividend growth (un)predictability, cf. Cochrane
(2008). Unpredictable nominal returns implies that nominal dividend growth must be predictable.
This implication is con�rmed in our data. By contrast, real dividend growth is not predictable by the
dividend-price ratio. (Details are available upon request).
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will increase (decrease) �Nominal risk-free rate�and decrease (increase) �Risk-premium�,

whereby �Nominal stock return�may stay constant or at least change less than the change

in expected in�ation. In terms of equation (2), when Et�t+1+j goes up, Et�dt+1+j goes

up by the same amount but Etrt+1+j does not. Thus, dt � pt decreases.

The above mechanism notwithstanding, if expected in�ation has an e¤ect on the

dividend-price ratio through an e¤ect on the risk-premium, it will be important to control

for this in the in�ation predictability regressions. To address this concern Table 2 shows

regressions similar to those in Table 1 but where we now in addition to the dividend-price

ratio use variables capturing the risk-premium as explanatory variables. We consider the

following two regression models

�t;t+k = ��;k + ��;k (dt � pt) + ��;k (�s;t=�b;t) + "�;t+k,

�t;t+k = ��;k + ��;k (dt � pt) + �m;k (Rm;t �Rf;t) + �s;kSMBt + �h;kHMLt + "�;t+k,

where the �rst directly follows from the risk-premium proxy used by Campbell and

Vuolteenaho (2004a,b). �s;t=�b;t is the relative volatility of stocks vs. that of bonds

where volatility is computed using a rolling window of 10 years implying that the �rst

available observation is in 1881 (see section 4.2 for a precise de�nition). In the second

model we follow Brunnermeier and Julliard (2008, p.153) and use the Fama and French

(1993) factors as a proxy for the risk-premium (FF3). The Fama-French factors are avail-

able from 1927 on Ken French�s website, so for completeness we estimate the �rst model

using both the full sample (1881-2012) and the sub-sample dictated by the availability

of the Fama-French factors (1927-2012).

Irrespective of the proxy used, Table 2 shows that the strong negative relation between

the dividend-price ratio and future long-horizon in�ation remains even after controlling

for the risk-premium. In general we cannot reject the null hypothesis ��;k = 0 (except

in 1927-2012 for k = 1), while the Fama-French factors all appear highly signi�cant for

k > 1.

3 The economic model

To evaluate potential explanations for the negative relation between the dividend-price

ratio and future in�ation, we derive an economic model that allows i) investors to su¤er

from money illusion and ii) real consumption growth to be related to expected in�ation.
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The model is related to the long-run risk model of Bansal and Yaron (2004) based on

Epstein and Zin (1989) and Weil (1989) recursive preferences. Our model is also related

to the asset pricing model of Basak and Yan (2010) who consider the impact of money

illusion but do so using time-separable power utility. We consider two scenarios regarding

investors�expectation formation scheme. Investors can either have rational or adaptive

expectations. Both analytically and through a simulation study, the model delivers im-

portant economic insights into possible explanations for the negative relation between

the dividend-price ratio and future in�ation.

3.1 Investor preferences

Common to all the scenarios we consider the representative agent is assumed to have

Epstein and Zin (1989) and Weil (1989) recursive preferences,

Ut =
n
(1� �)C

1�

�

t + �
�
Et
�
U1�
t+1

�� 1
�

o �
1�


; � =
1� 


1� 1
 

where Ct is real consumption at time t, 0 < � < 1 is the time discount factor, 
 � 0

is the coe¢ cient of relative risk aversion, and  � 0 is the intertemporal elasticity of

substitution. In the special case where 
 = 1= ; that is � = 1, the above recursive

preferences collapse to standard time-separable power utility. Note also that the sign of

� is determined by 
 and  : For example, � will be negative if 
 > 1 and  > 1, but

positive if 
 > 1 and  < 1. While there is general agreement that 
 > 1 the value of

 is subject to controversy. Hall (1988) and Beeler and Campbell (2012), among others,

�nd evidence of  < 1 while, for example, Attanasio and Weber (1993), Attanasio and

Vissing-Jorgensen (2003), and Chen, Favilukas, and Ludvigson (2013) �nd  to be above

one.

Maximizing the utility function subject to the budget constraintWt+1 = (Wt � Ct)Rc;t+1

yields the following Euler equation for asset i,

Et

"
��
�
Ct+1
Ct

�� �
 

R
�(1��)
c;t+1 Ri;t+1

#
= 1;

where Wt is wealth, Ri;t is the gross return on asset i, and Rc;t is the gross return on a

claim to aggregate consumption. This implies that the log stochastic discount factor is
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given as

mt+1 = � ln (�)� �

 
�ct+1 � (1� �) rc;t+1;

where lowercase letters denote logs to the corresponding uppercase letters. If investors

su¤er from money illusion in the sense that they discont real cash �ows with a nominal

discount factor the log stochastic discount factor can be written as

bmt+1 = mt+1 � ��t+1;

where 0 � � � 1 determines the degree of money illusion. � = 1 implies perfect money
illusion, while � = 0 implies no money illusion.

We follow Bansal and Yaron (2004) and distinguish between the unobservable return

on the claim to aggregate consumption, Rc;t+1; and the observable return on the dividend

claim, Rm;t+1; i.e. the return on the market portfolio, and log-linearize these returns, cf.

Campbell and Shiller (1988a):

rc;t+1 = kc;0 + kc;1pct+1 � pct +�ct+1; (3)

rm;t+1 = kd;0 + kd;1pdt+1 � pdt +�dt+1: (4)

pct and pdt are short-hand notation for the log price-consumption ratio and log price-

dividend ratio, respectively. ki;0 and ki;1 for i = c; d are constants that are a function

of the linearization point which typically is chosen to be the sample average of the ratio

in question.6 More speci�cally, kd;1 is computed as exp
�
pd
�
=
�
1 + exp

�
pd
��
and kd;0 as

� ln (kd;1) � (1� kd;1) ln (1=kd;1 � 1), where pd denotes the sample average of the price-
dividend-ratio. Likewise for kc;1 and kc;0.

3.2 Rational expectations

Initially, we assume investors form rational expectations and consequently that consump-

tion, dividends, and in�ation have the following dynamics:

6Engsted, Pedersen, and Tanggaard (2012a) show that the upper bound for the mean approximation
error is minimized by setting the linearization point equal to the unconditional mean of the ratio.
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�ct+1 = �c + xc;t + �c�c;t+1; (5)

�dt+1 = �d + �xc;t + �d�d;t+1; (6)

�t+1 = �� + x�;t + ����;t+1; (7)

xc;t+1 = �1xc;t + �2x�;t + �xc"c;t+1; (8)

x�;t+1 = �3x�;t + �x�"�;t+1; (9)

where all shocks (�i;t+1, i = c; d; �; "i;t+1, i = c; �) are mutually uncorrelated iid normally

distributed with mean zero and variance one. Consumption growth, dividend growth,

and in�ation are all modelled as containing a small persistent predictable component.

For in�ation this component (x�;t) follows a pure AR(1) process, while for consumption

and dividend growth we follow Burkhardt and Hasseltoft (2012) and allow the persistent

component (xc;t) to be a function of the lagged in�ation component in addition to the

AR(1) component. In general, �2 in (8) will be set equal to 0 under money illusion so it

will only be allowed to di¤er from 0 when there is no money illusion. This setup creates

a link between real consumption growth (and hence the stochastic discount factor) and

expected in�ation, thereby giving a rational alternative to money illusion for explaining

the relation between the dividend yield and in�ation. Note that dividend growth is driven

in part by the persistent consumption growth component through the leverage parameter

�. This feature of the model follows Bansal and Yaron (2004).

We consider the simplest possible setup that will deliver insights into the relation

between the dividend-price ratio and future in�ation and, hence, we do not allow for

time-varying volatility. Our aim is not to develop a model that can explain all features

of the data, but to focus on the dividend yield-in�ation relationship, similar to what

Campbell and Vuolteenaho (2004a,b) and Basak and Yan (2010) do. The model can,

however, easily be extended to include time-varying volatility along the lines of Bansal

and Yaron (2004).

In solving the model we �rst conjecture that the log price-consumption ratio is a

linear function of the state variables:

pct = A0 + A1xc;t + A2x�;t: (10)

With joint log-normality the Euler equation for the consumption claim (allowing for
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potential money illusion),

Et

�
exp

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

��
= 1;

can be written as:

Et

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
+
1

2
V art

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
= 0:

Inserting the data-generating processes for the state variables (5)-(9), the log-linearized

return relation (3), and the log-price consumption ratio (10), we verify the conjectured

solution. See Appendix 2 for additional details as well as the expressions for A0; A1 and

A2:

Next, we conjecture that the log price-dividend ratio is also a linear function of the

state variables:

pdt = B0 +B1xc;t +B2x�;t: (11)

Again, with joint log-normality the Euler equation for the dividend claim (allowing for

potential money illusion),

Et

�
exp

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

��
= 1;

can be written as:

0 = Et

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

�
+
1

2
V art

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

�
:

Similar to the case with the price-consumption ratio we insert the data-generating processes

for the state variables (5)-(9), the log-linearized return relations (3)-(4), the log price-

consumption ratio (10), and the log price-dividend ratio (11) to verify the conjectured

solution (see Appendix 3 for additional details as well as the expression for B0). The

coe¢ cients of interest in our case are B1 and B2 that are given as

B1 =
�� 1

 

1� kd;1�1
; (12)

B2 =
kd;1B1�2 � �

�

1� kd;1�3
: (13)
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Regarding the sign of B1 we �rst see that the denominator is positive, while the sign of the

numerator depends on the relative size of the leverage coe¢ cient � and the intertemporal

elasticity of substitution  ; B1 > 0 for high values of  relative to �, and vice versa.

In other words, for  > 1=� higher expected growth leads investors to buy more assets

driving up the price-dividend ratio, i.e. the substitution e¤ect dominates. In contrast, for

 < 1=� the wealth e¤ect dominates such that the price-dividend ratio decreases when

expected growth increases.

The link between the price-dividend ratio and expected in�ation is determined by

B2. Again, we see that the denominator is positive such that our main focus should be

on the numerator. First, consider the case with money illusion, 0 < � � 1; and no link
between real consumption growth and expected in�ation, �2 = 0 in (8). Since � is non-

negative the sign of B2 is determined by � = (1� 
) = (1� 1= ) : The empirical evidence
of a negative relation between the dividend-price ratio and expected in�ation can thus

be explained by investors su¤ering from money illusion and having recursive preferences

with the preference parameters  and 
 simultaneously being either larger than one or

smaller than one: In contrast, if either  or 
 is above one and the other preference

parameter is below one, then there will be a positive relation between the dividend-price

ratio and expected in�ation. Note that this positive relation will also arise if investors

have time-seperable power utility in which case � = 1, which is consistent with the

�ndings by Basak and Yan (2010).

With no money illusion, � = 0; but a link between real consumption growth and

expected in�ation, �2 6= 0; it is also possible to �nd a negative relation between the

dividend-price ratio and expected in�ation. This is the case if B1 and �2 are of the same

sign. As mentioned earlier the sign of B1 depends on the size of  relative to �, while the

sign of �2 is more unclear and ultimately an empirical matter. Figure 3 shows the time

series of real log consumption growth and log in�ation measured over both 1 and 20 years.

A possible link between real consumption growth and in�ation is hard to verify in the

short run; the correlation is 0.01 when measuring the series over one year. In contrast,

over the long run a stronger link appears. The correlation is 0.40 when measuring the

series over 20 years. This result could support a small positive value of �2 and could

potentially explain the negative relation between the dividend-price ratio and expected

in�ation if  > 1=�. In other words, when the substitution e¤ect dominates the increase

in expected consumption growth, as a consequence of an increase in expected in�ation

(�2 > 0), would lead to a larger increase in expected dividend growth (through �) than in

expected returns (through  ), and thereby drive down the dividend-price ratio creating
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the negative link between the ratio and expected in�ation. If �2 < 0 the wealth e¤ect

needs to dominate, i.e.  < 1=�, in order for the dividend-price ratio to be negatively

related to expected in�ation. In this case an increase in expected consumption growth

as a consequence of a decrease in expected in�ation (�2 < 0) would lead to a smaller

increase in expected dividend growth (through �) than in expected returns (through  ),

and thereby drive up the dividend-price ratio. Burkhardt and Hasseltoft (2012) evaluate

the correlation between in�ation and consumption growth over various smaller sample

periods and for the sample period 1965-2000 they �nd strong evidence of a negative

correlation. In light of this evidence, we consider both positive and negative values of �2
in our simulation study.7

3.2.1 Simulation study based on rational expectations and money illusion

To explore the implications from the above model in terms of multiperiod in�ation pre-

dictability by the dividend-price ratio, we calibrate the model at the annual frequency

such that it matches the mean, standard deviation and persistence of dividend growth,

consumption growth, and in�ation, respectively. The data-generating parameters and

the results from in�ation predictability regressions with horizons matching those in Ta-

ble 1 are given in Table 3 for the case of money illusion, while Table 4 contains the

corresponding descriptive statistics. For now we set �2 = 0; i.e. we do not allow for a

link between real consumption growth and expected in�ation. In our benchmark scenario

we set 
 = 2 and  = 2:We will evaluate the sensitivity of our results to these parameter

choices. The persistence parameters �1 and �3 are set equal to 0.90. Bansal and Yaron

(2004) choose the value 0.979 for �1 in their calibration at a monthly frequency (�3 does

not appear in their model). For � we follow Bansal and Yaron and set it equal to 3.

The reported numbers are averages across 10,000 simulations each of length 142, which

matches the length of the annual dataset used in our empirical analysis.

The �rst set of results in Panel A of Table 3 is for the case with no money illusion

(� = 0;  = 2; 
 = 2). As expected from (13) there is no in�ation predictability from

the dividend-price ratio in this case; the slope coe¢ cients and t-statistics are virtually

zero. If we now allow for money illusion but assume investors have time-separable power

utility (� = 1;  = 0:5; 
 = 2, cf. Panel B in Table 3) we would expect to �nd a

positive relation between the dividend-price ratio and expected in�ation, cf. (13) and

7For the period 1927-2002, Campbell and Vuolteenaho (2004a,b) �nd a strongly positive relation
between expected in�ation and expected long-term dividend growth, in contrast to their anticipation of
a negative relationship.
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Basak and Yan (2010). This is also exactly what we �nd in the simulation study. The

slope coe¢ cients are positive and strongly signi�cant for all horizons. Note, however,

that this is in direct contrast to the empirical results in Table 1 which give negative slope

coe¢ cients. If we allow for money illusion and recursive preferences (� = 1;  = 2; 
 = 2,

cf. Panel C) the simulation results line up much better with the empirical �ndings. The

slope coe¢ cients are signi�cantly negative and they turn more negative as the horizon

increases.

To ensure that our results do not come about due to unrealistic simulated data, Table

4 compares the mean, standard deviation, and persistence of actual dividend growth,

consumption growth, in�ation, and the price-dividend ratio to the simulated series. In

general, the standard deviation of the simulated price-dividend ratio is a bit too small,

and in the case of time-separable power utility (� = 1;  = 0:5; 
 = 2) the mean is also

too low. However, overall we see a good match between the actual and simulated data.

Given the uncertainty about the size of the intertemporal elasticity of substitution,

cf. section 3.1, we �nally evaluate if it is possible to reproduce the empirical results with

money illusion and  < 1. Panel D of Table 3 shows that for  = 0:5 we get results that

line up very good with the empirical �ndings. However, in order to match the level of

the price-dividend ratio when  = 0:5 we need a very low degree of relative risk aversion,

which contrasts with the usual perception of investors�degree of risk aversion. The results

are shown for a risk-neutral investor (
 = 0), but for very small positive values of 
 the

results are very similar. Higher values of 
 (yet still below 1) will lead to a higher mean

price-dividend ratio (and a larger standard deviation), but the in�ation predictability

results will generally remain.

In general, higher relative risk aversion will increase the mean price-dividend ratio

also when 
 and  both are above one. In this case, higher relative risk aversion will

in addition lead to less in�ation predictability by the dividend-price ratio; the absolute

value of � = (1� 
) = (1� 1= ) will increase and hence the e¤ect of money illusion will
decrease, cf. (13). Likewise, only partial money illusion, 0 < � < 1, will lower the degree

of in�ation predictability. These implications are all supported by unreported simulation

results.8

8Similar to the empirical results, the in�ation predictability found in the simulation study drives a
wedge between the degree of real and nominal return and dividend growth predictability by the dividend-
price ratio (details are available upon request).
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3.2.2 Simulation study based on rational expectations and no money illusion

To evaluate a potential purely rational explanation of in�ation predictability by the

dividend-price ratio we now set � = 0 and �2 6= 0. Again, we calibrate the model at

the annual frequency such that it matches the mean, standard deviation and persistence

of dividend growth, consumption growth, and in�ation, respectively. And still, we pay

attention to the size of the preference parameters needed in order to match both in�ation

predictability and the descriptive statistics of the price-dividend ratio. The in�ation

predictability results are reported in Table 5 and the descriptive statistics in Table 6.

The �rst set of results in Panel A of Table 5 is for the case with a small positive link

between real consumption growth and expected in�ation (�2 = 0:01; �1 = 0:9;  = 2,


 = 2), and as expected, cf. (13), we �nd a negative relation between the dividend-price

ratio and expected in�ation. Compared to the case with money illusion the degree of

predictability is, however, slightly smaller. There is a great deal of uncertainty associated

with �2 both in terms of sign and size, so it is of interest to evaluate the sensitivity of our

results to other values of the coe¢ cient. The degree of in�ation predictability increases

with �2, but all else equal, higher �2 leads to unrealistic persistent consumption and

dividend growth series. Hence, in order to match the observed degree of autocorrelation

in consumption and dividend growth we need to lower �1 when increasing �2. Panel B

in Table 5 (�2 = 0:1; �1 = 0:5;  = 2, 
 = 2) and the corresponding descriptive statistics

in Table 6 show that it is possible to obtain a strong degree of in�ation predictability

and retaining realistic descriptive statistics without money illusion but with a relatively

strong link between real consumption growth and expected in�ation. Note, however, the

very low volatility of the price-dividend ratio in this case.

Regarding the uncertainty about the sign of the link between real consumption growth

and expected in�ation, Panel C in Table 5 shows the results for a small negative value of

�2 (�2 = �0:01; �1 = 0:9;  = 0:15, 
 = 100). Now the wealth e¤ect needs to dominate
in order to generate a negative relation between the dividend-price ratio and expected

in�ation, i.e.  < 1=�: For all positive values of  below 1/3 the in�ation predictability

results remain qualitatively the same, i.e. a negative relation between real consump-

tion growth and expected in�ation and a low intertemporal elasticity of substitution can

to some degree explain the empirical �ndings regarding in�ation predictability by the

dividend-price ratio. However, low values of  will, all else equal, lead to an unrelatistic

low level of the price-dividend ratio. In order to match the mean price-dividend ratio

with  = 0:15 the degree of relative risk aversion needs to be around 100, which is
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unrealistically high. Note that in contrast to the case with money illusion 
 has no im-

pact on the time-variation in the price-dividend ratio and, hence, the degree of in�ation

predictability; it only in�uences the level of the ratio. Finally, we examine a stronger neg-

ative link between real consumption growth and expected in�ation (�2 = �0:1; �1 = 0:5;
 = 0:15, 
 = 45; cf. Panel D). Again, we need to lower �1 in order obtain consumption

and dividend growth series with a realistic degree of persistence. Similar to the results in

Panels A and B we see that a larger value of �2 in absolute terms increases the degree of

in�ation predictability. Compared to the scenario in Panel C we now need a lower value

of 
 to match the level of the price-dividend ratio, but 
 = 45 is still unrealistically high.

3.3 Adaptive expectations

To investigate the robustness of our �ndings in term of investors�expectation formation

scheme, we also consider the case with adaptive expectations and money illusion. This ex-

pectation formation scheme is consistent with, for example, Modigliani and Cohn (1979)

and Campbell and Vuolteenaho (2004a,b) in their analyses of money illusion.9 The setup

and the solution methodology are the same as above except that the data-generating

processes for the state variables are now given as:

�ct+1 = xc;t + �c�c;t+1; (14)

xc;t = �c�ct + (1� �c)xc;t�1; (15)

�dt+1 = xd;t + �d�d;t+1; (16)

xd;t = �d�dt + (1� �d)xd;t�1; (17)

�t+1 = x�;t + ����;t+1; (18)

x�;t = ���t + (1� ��)x�;t�1; (19)

where all shocks are mutually uncorrelated iid normally distributed with mean zero and

variance one. Expected consumption growth, dividend growth, and in�ation are now all

determined as the exponentially declining moving average of their own past values. �i for

i = c; d; � determines the weight investors put on this period relative to earlier periods

in their expectation formation scheme.

We conjecture the following solutions for the log-price-consumption ratio and log

price-dividend ratio:

9See also Gelain and Lansing (2014) for an asset pricing model with adaptive expectations.
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pct = C0 + C1xc;t + C2x�;t; (20)

pdt = D0 +D1xc;t +D2x�;t +D3xd;t: (21)

We verify this conjectured solution in Appendix 4 and 5 and show that the coe¢ cients

for the log price-dividend ratio (except D0 which can be found in Appendix 5) are given

as:

D1 =
� 1
 

1� kd;1
;

D2 =
��
�

1� kd;1
;

D3 =
1

1� kd;1;
:

Similar to the case with rational expectations we see that the presence of money illusion

can generate a negative link between the dividend-price ratio and expected in�ation if in-

vestors have recursive preferences with the preference parameters  and 
 simultaneously

being either larger than one or smaller than one.

3.3.1 Simulation study based on adaptive expectations and money illusion

Similar to the case with rational expectations we calibrate the model at the annual

frequency such that it matches the mean, standard deviation and persistence of dividend

growth, consumption growth, and in�ation, respectively. Table 7 shows the in�ation

predictability results and Table 8 the corresponding descriptive statistics. Overall, the

conclusion is the same as with rational expectations. With no money illusion (� = 0;

 = 2; 
 = 2; cf. Panel A in Table 7) in�ation is not predictable by the dividend-price

ratio. With money illusion and time-separable power utility (� = 1;  = 0:5; 
 = 2; cf.

Panel B) the dividend-price ratio predicts in�ation with a positive sign. With money

illusion and recursive preferences with  and 
 simultaneously being larger than one

(� = 1;  = 2; 
 = 2; cf. Panel C) there is a signi�cantly negative relation between

the dividend-price ratio and future in�ation. Finally, for money illusion and recursive

preferences with  and 
 simultaneously being smaller than one (� = 1;  = 0:7; 
 = 0;

cf. Panel D) we need a very low degree of relative risk aversion in order to match both the

in�ation predictability results and the descriptive statistics of the price-dividend ratio.
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Again, these results are as expected based on the theoretical model and in general show

that money illusion as a potential explanation for in�ation predictability by the dividend-

price ratio holds irrespective of investors forming rational or adaptive expectations.

3.4 Main conclusions from the simulation studies

The simulation studies con�rm the quantitative and qualitative predictions from the

economic model:

First, with no money illusion and no relation between expected in�ation and real

consumption growth, in�ation is not predictable by the dividend-price ratio.

Second, with money illusion, time-separable power utility, and rational expectations

(as in Basak and Yan, 2010), in�ation is predictable by the dividend-price ratio with a

positive slope coe¢ cient.

Third, with money illusion, time-nonseparable preferences, and plausible values for

the degree of relative risk aversion and the intertemporal rate of substitution, in�ation

is predictable by the dividend-price ratio with a negative slope coe¢ cient, in accordance

with the empirical evidence on US data. This result holds both with rational expectations

and with non-rational (adaptive) expectations.

Finally, with no money illusion but with a positive link from expected in�ation to

real consumption growth, the negative in�ation-dividend yield relationship appears for

plausible preference parameters. With a negative link from expected in�ation to real

consumption growth, the negative in�ation-dividend yield relationship still appears but

in order to match the level of the price-dividend ratio we need unrealistically high levels

of risk aversion.

4 The Campbell-Vuolteenaho approach

As mentioned in the Introduction, many recent empirical studies of money illusion are

based on the Campbell and Vuolteenaho (2004a,b) framework, and in general the results

show a positive relation between the dividend yield and a smoothed backward-looking

non-rational measure of expected in�ation, thus supporting the radical Modigliani and

Cohn (1979) money illusion hypothesis. At �rst sight this result contrasts with our

�nding of a negative relation between the dividend yield and expected in�ation.
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The Campbell-Vuolteenaho VAR based approach is somewhat complicated and re-

quires many choices and simplifying assumptions to be made. Thus, it may not be

robust to changes in these choices and assumptions. For example, Lee (2010) uses a two-

regime VAR analysis to document a regime change over the period 1927-2007 and that

the Modigliani-Cohn type money illusion explains the post war data but not the pre-war

data. Lee �nds it puzzling that the stock market apparently has become more subject to

money illusion over time. Other studies that question the validity of the Modigliani-Cohn

hypothesis include Summers (1983), Bekaert and Engstrom (2010), and Wei (2010). In

this section we analyze the Campbell-Vuolteenaho methodology and apply it to our data

in order to reconcile the apparently con�icting results.

4.1 Description and discussion of the approach

The idea of Campbell and Vuolteenaho (2004a,b) is to decompose the dividend-price ratio

into three components: objectively (i.e. rationally) expected long-run dividend growth,

a subjective (i.e. irrational) risk-premium, and a mispricing term which is the di¤erence

between the subjectively and objectively expected long-run dividend growth. A VAR

model is then used to empirically estimate the objectively expected long-run dividend

growth component as well as the objective risk-premium, and a particular regression is

used to obtain the subjective risk-premium and the mispricing term based on these VAR

estimated components. Finally, each of the three components comprising the dividend

yield is regressed onto a measure of expected in�ation. The Modigliani-Cohn type of

money illusion requires the in�ation coe¢ cient to be positive in the mispricing equation.

The details of the approach are as follows. First, the risk-free rate is subtracted from

returns and dividend growth to get excess returns and excess dividend growth, ret+1+j
and �det+1+j. Then, equation (1) is expressed as (where the term c=(1� �) is abstracted
from for convenience)

dt � pt =

1X
j=0

�j(EO
t r

e
t+1+j � EO

t �d
e
t+1+j)

=

1X
j=0

�j(ES
t r

e
t+1+j � ES

t �d
e
t+1+j) (22)

= �
1X
j=0

�jEO
t �d

e
t+1+j +

1X
j=0

�jES
t r

e
t+1+j +

 1X
j=0

�jEO
t �d

e
t+1+j �

1X
j=0

�jES
t �d

e
t+1+j

!
;
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where EO
t and ES

t denote objective and subjective expectations, respectively. The ra-

tional investors form objective expectations and the irrational investors form subjective

expectations. The crucial assumption behind the �rst two lines of (22) is that both types

of investors end up setting the same dividend-price ratio in the market. In Campbell and

Vuolteenaho�s words: "As long as the irrational investors simply use the present value

formula with an erroneous expected growth rate, both sets of expectations must obey the

accounting identity of the Gordon growth model." (Campbell and Vuolteenaho (2004a,

p.4), (2004b, p.20)). The third line of (22) decomposes
P1

j=0 �
jEO

t r
e
t+1+j in the �rst line

into a subjective risk-premium and a mispricing component "t �
P1

j=0 �
jEO

t �d
e
t+1+j �P1

j=0 �
jES

t �d
e
t+1+j. As noted by Cohen, Polk, and Vuolteenaho (2005, p.646), this setup

implies that
P1

j=0 �
jEO

t �d
e
t+1+j �

P1
j=0 �

jES
t �d

e
t+1+j is equal to

P1
j=0 �

jEO
t r

e
t+1+j �P1

j=0 �
jES

t r
e
t+1+j, i.e. the expectational error in long-term dividend growth is equal

to the expectational error in long-term returns. As seen, the third line of (22) is the de-

composition of the dividend-price ratio into the three components: objective long-term

dividend growth, a subjective risk-premium, and a mispricing term. Each component to

be estimated based on a VAR model.

The VAR model contains excess log stock returns, the log dividend-price ratio, a

measure of expected in�ation, and additional predictor variables. From the estimated

model the long-run objective risk-premium
P1

j=0 �
jEO

t r
e
t+1+j can be directly obtained

while the long-run objective dividend growth
P1

j=0 �
jEO

t �d
e
t+1+j is obtained as a resid-

ual from the observed dividend-price ratio and the long-run objective risk-premium:P1
j=0 �

jEO
t �d

e
t+1+j =

P1
j=0 �

jEO
t r

e
t+1+j � (dt � pt).

Next, Campbell and Vuolteenaho estimate the subjective risk-premium as the �tted

value in a regression of the VAR generated
P1

j=0 �
jEO

t r
e
t+1+j on a subjective risk-premium

proxy, RPt (for example, the relative volatility of stocks vs. that of bonds):

1X
j=0

�jEO
t r

e
t+1+j = �+ �RPt + "t: (23)

The mispricing component is then the residuals, b"t, from this regression. As empha-

sized by Campbell and Vuolteenaho (2004a, p.6), this way of obtaining the mispricing

component assumes that mispricing is independent of the subjective risk-premium.

Finally, the three estimated components comprising the dividend yield (objective

expected long-run dividend growth, i.e. the �rst term in the third line of (22), the

subjective risk-premium, i.e. the second term in the third line of (22) which is estimated
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as b�RPt, and the mispricing component b"t, i.e. the third term in the third line of (22))

are regressed onto the measure of expected in�ation, b�t:
�

1X
j=0

�jEO
t �d

e
t+1+j = �d + �db�t + "d;t;

b�RPt = �r + �rb�t + "r;t;b"t = �m + �mb�t + "m;t:

In their main analysis, Campbell and Vuolteenaho use an exponentially declining moving

average of past in�ation rates as their measure of expected in�ation.

Using the above approach on US data, Campbell and Vuolteenaho �nd strong support

for the Modigliani-Cohn hypothesis. In the regression of mispricing on expected in�a-

tion measured by smoothed past in�ation they �nd a positive and strongly signi�cant

coe¢ cient with an R2 of 78%.

The Campbell-Vuolteenaho approach is based on a VAR model and, thus, is subject

to the well-known limitations of VAR modeling. Linear VAR models may be econo-

metrically misspeci�ed, e.g. non-constant parameters (see the next sub-section), and

implied long-horizon forecasts from low-order VAR models, as in (22), may be dubious

(cf. e.g. Cochrane (2008) and Engsted and Pedersen (2010)). In addition, the Campbell-

Vuolteenaho methodology makes several simplifying and potentially critical assumptions

in order to identify the various components. First, it is assumed that the rational and

irrational investors set the same dividend-price ratio in the market. This assumption

makes it possible to back out the long-run objective dividend growth component from

the observed dividend-price ratio and the long-run objective risk-premium. As noted by

Brunnermeier and Julliard (2008), this assumption is equivalent to assuming that the

irrational investors understand the iterated accounting identity, i.e. equation (1). Chen,

Lung, and Wang (2009) present an analysis where the two types of investors do not set

the same dividend-price ratio. In fact, in their analysis the mispricing term is de�ned as

the di¤erence between the actual dividend-price ratio and the VAR generated �rational�

dividend-price ratio. By using this measure, Chen et al. �nd that the Modigliani-Cohn

type of money illusion may explain the level, but not the volatility, of mispricing in the

US stock market.

Second, and related to the �rst point, there may be problems backing out the divi-

dend growth component as a residual. Following the critique by Chen and Zhao (2009)

and the later rebuttal by Engsted, Pedersen, and Tanggaard (2012b), Acker and Duck

24



(2013a) investigate the e¤ect of backing out
P1

j=0 �
jEO

t �d
e
t+1+j compared to estimating

the component directly, which is possible if excess dividend growth is included in the

VAR model. Acker and Duck �nd, in concordance with Engsted et al., that given the

VAR model is common across backing out
P1

j=0 �
jEO

t �d
e
t+1+j and computing it directly,

and given that this VAR model contains the dividend-price ratio, the two approaches

give the same qualitative conclusions. In any case, even if the requirements stated in

Engsted et al. are ful�lled, the decomposition may be sensitive to which additional state

variables are included (cf. Campbell, 1991; Campbell and Ammer, 1993).

Third, the mispricing measure may depend on the chosen subjective risk-premium

proxy and in general it is assumed that the mispricing component is independent of this

proxy, cf. equation (23). As noted by Brunnermeier and Julliard (2008), this assumption

is arbitrary. (Bekaert and Engstrom (2010) make a similar point).

In the following sub-section we apply Campbell and Vuolteenaho�s approach on our

data and investigate the robustness of the results in various ways.

4.2 Empirical results

In implementing the Campbell-Vuolteenaho approach we need a proxy for the subjective

risk-premium, RPt. We follow Asness (2000, 2003), Campbell and Vuolteenaho (2004a,b)

and Acker and Duck (2013a,b) and use the relative volatility of stocks vs. that of bonds,

�s=�b. In addition to the variables used to obtain the results in Table 1, Robert Shiller�s

dataset also contains a long-term government bond yield (the 10-year yield from 1953

and onwards). Based on these yields we compute constant-maturity (10 years) bond

returns and subsequently �s=�b using a rolling window of 10 years. We compute log

excess returns by subtracting the lagged log 1-year interest rate (also available in Robert

Shiller�s dataset) from the log nominal returns computed earlier. Finally, we need a

measure of expected in�ation. We follow Campbell and Vuolteenaho (2004a,b) and use

both the long-term bond yield and smoothed in�ation computed as the exponentially

declining moving average of past in�ation rates:

b�t = ���t + (1� ��) b�t�1:
We consider three values of the smoothing parameter, �� = (0:1; 0:5; 0:9), and four

di¤erent sample periods (including the period analyzed by Campbell and Vuolteenaho,

i.e. 1927-2002) in order to evalute the robustness of the �ndings over time.
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Table 9 shows the results based on a �rst-order VAR model similar to the one used

by Campbell and Vuolteenaho, i.e. the variables included are log excess returns, the log

dividend-price ratio, a measure of expected in�ation, and our proxy for the subjective

risk-premium, �s=�b. Due to the construction of �s=�b the samples in Table 9 begin

in 1881 at the earliest. Using smoothed past in�ation with �� = 0:5 and considering

the sample period, 1927-2002, we obtain results which are qualitatively similar to those

obtained by Campbell and Vuolteenaho when also using the relative volatility of stocks

vs. that of bonds as proxy for the subjective risk-premium (Table 4 in Campbell and

Vuolteenaho, 2004a): Objectively expected long-run dividend growth is unrelated to ex-

pected in�ation (�d = 0), the subjective risk-premium is negatively related to expected

in�ation (�r < 0), and mispricing is positively related to expected in�ation (�m > 0)

although with an R2 = 22% which is smaller than in Campbell and Vuolteenaho�s analy-

sis. Using a di¤erent proxy for the subjective risk-premium (the cross-sectional beta

premium by Polk, Thomson, and Vuolteenaho, 2006), Campbell and Voulteenaho �nd

a positive relation between objectively expected long-run dividend growth and expected

in�ation (�d < 0), but apart from that their results are robust across a number of al-

ternative VAR speci�cations, including di¤erent data frequency and higher-order VAR

models. Campbell and Vuolteenaho do not, however, evaluate the robustness of their

results across di¤erent sample periods. With �� = 0:5 we �nd some sensitivity of the

results to the sample period. This is especially the case for �d and �r; while �m (the

mispricing coe¢ cient) across all sub-samples turns out to be signi�cantly positive.10

When measuring expected in�ation as the exponentially declining moving average of

past in�ation rates it is not clear which value of the smoothing parameter to use and

what the consequences are hereof in relation to the link between expected in�ation and

the three components of the dividend-price ratio. Table 9 also contains the results for

�� = 0:1 and 0:9; and comparing these to those based on �� = 0:5 we see that the

conclusions are not robust to the choice of ��. For example, for �� = 0:1 and the sample

period 1927-2002 �d is now postive and strongly signi�cant and we can no longer reject the

null hypothesis of �m = 0; i.e. the mispricing component is no longer signi�cant. With

�� = 0:1 we also see a larger degree of sub-sample instability. Comparing the results

for 1881-1945 to those for 1946-2012 we see that �d goes from signi�cantly negative to

signi�cantly positive, �r goes from positive to negative (in both cases the coe¢ cient

cannot be rejected to be equal to zero in contrast to the sample period 1927-2002), and

10Lee (2010) and Acker and Duck (2013a) also apply the Campbell-Vuolteenaho approach across
di¤erent sample periods and likewise �nd evidence of sub-sample instability in relation to the three
components�relation to expected in�ation.
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�m goes from signi�cantly positive to insigni�cantly positive.

As an alternative to smoothed past in�ation as a measure for expected in�ation

Campbell and Vuolteenaho also consider the nominal yield on 10-year Treasury bonds

in part of their initial analysis, but not in the VAR model and subsequent regressions

as outlined in section 4.1. As a further robustness analysis of the Campbell-Vuolteenaho

approach, Table 9 shows the results when replacing smoothed past in�ation with the long-

term bond yield as the measure of expected in�ation. The results reveal large sensitivity

to the choice of expected in�ation measure: for all sample periods objectively expected

long-run dividend growth is now negatively related to expected in�ation (�d > 0) and,

interestingly, mispricing is now negatively related to expected in�ation (�m < 0). Since

the long-term bond yield is a forward-looking measure of in�ation, this result �ts nicely

with our results in section 2.2 showing that actual long-term in�ation is negatively related

to the lagged dividend-price ratio. Thus, using a forward-looking measure of in�ation

within the Campbell-Vuolteenaho methodology casts doubts on the Modigliani-Cohn

type money illusion, although it still does indicate some kind of money illusion.

The results in Table 9 overall show that the conclusions based on the Campbell-

Vuolteenhao approach in relation to the presence of money illusion are sensitive to the

sample period and the measure of expected in�ation. In contrast, our direct regression

approach suggested in section 2, which uses actual future in�ation instead of a constructed

measure of expected in�ation, shows great stability over time (see Figure 2).

5 Concluding remarks

We have documented that in annual US data since 1871 long-horizon in�ation is strongly

predictable by the dividend-price ratio with a negative slope coe¢ cient. An interesting

implication of this result is that real stock returns are more predictable by the dividend-

price ratio than nominal stock returns. The result poses a challenge to rational asset

pricing models in which the dividend-price ratio does not vary with expected in�ation.

We develop a consumption-based model with recursive preferences featuring non-

rationality in the form of money illusion in order to explain the negative relation between

the dividend-price ratio and future in�ation. With plausible parameter values the model

is able to match the salient features of the data, including the negative dividend-price

ratio/in�ation relation. This holds irrespective of whether expectations are rational or

non-rational (adaptive). Our analysis con�rms the result in earlier studies that the stock
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market potentially su¤ers frommoney illusion, although not necessarily of the Modigliani-

Cohn type which has been the conclusion in most of the earlier literature. Our analysis

also o¤ers another potential explanation of the negative relation between the dividend-

price ratio and future in�ation. A version of our economic model allows for a link between

real consumption growth and expected in�ation, and we show that a positive link (and

no money illusion) to some degree can explain the empirical �ndings.

The negative predictive relationship between the dividend-price ratio and future long-

term in�ation is in general robust across subsamples. However, the data from the 1980s

and 1990s do indicate a structural shift in the relationship, possibly caused by a stock

market bubble. A detailed analysis of this is complicated by the fact that the analysis

requires observations for in�ation measured over several years. It will be important in

future research to investigate whether the negative dividend yield-in�ation relationship

we have documented for most of the period since 1871, continues to hold in more recent

data.

Appendices

Appendix 1. The bootstrap procedure

The general scheme in the bootstrap procedure to test the null hypothesis of no pre-

dictability, while accounting for potential small-sample bias, is as follows:

1. Use OLS to estimate

yt;t+k = �k + �k (dt � pt) + "t+k,

where yt;t+k = f�t;t+k; rt;t+k; rt;t+k � �t;t+k; g to obtain an estimate of �k, denotedb�k, for k = f1; 5; 10; 15; 20g :
2. Use OLS to estimate

yt+1 = �+ � (dt � pt) + "t+1,

(dt+1 � pt+1) = $ + � (dt � pt) + !t+1,

where yt+1 = f�t+1; rt+1; rt+1 � �t+1; g ; i.e. we here consider one-period in�ation,
nominal returns, and real returns. This yields the following relevant estimates: b�;
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b$; b�; and b
; where 
 is the covariance matrix of the residuals:

 =

"
�2" �"!

�"! �2!

#
:

3. Generate T = 142 random numbers of ("t+1; !t+1) from a multivariate normal

distribution with covariance matrix b
: We denote these simulated error terms�
"�t+1; !

�
t+1

�
:

4. Generate a random initial value of dt � pt :

d�1 � p�1 � N
�
d� p; b�2dp� :

where d� p and b�2dp denote the sample average and the variance, respectively, of
the dividend-price ratio.

5. Use b$ and b� together with the generated values of !t+1 and the initial value in
steps 3 and 4 to obtain T = 142 observations of dt � pt:

b$ + b�(d�t � p�t ) + !�t+1 ! d�t+1 � p�t+1

6. Use b� together with the generated values of "t+1 to obtain T = 142 observations of
yt under the null hypothesis � = 0:

b�+ "�t+1 ! y�t+1

7. Construct multi-period in�ation/returns y�t;t+k =
Pk�1

i=0 y
�
t+1+i for k = f1; 5; 10; 15; 20g

using the one-period series. The following steps are carried out for all relevant val-

ues of k.

8. Use OLS to estimate

y�t;t+k = �k + �k (d
�
t � p�t ) + "�t+k,

and denote the estimated slope coe¢ cient e�(1)k :

9. Repeat steps 3-8 M = 10; 000 times to obtain e�(1)k ; e�(2)k ; :::; e�(M)
k :
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10. Compute the (upper) one-sided p-value under the null hypothesis as

P
�e�k > b�k� = 1

M

MX
i=1

I
he�(i)k > b�ki ;

where I [�] is an indicator function.

11. Compute the bias as

bias
�b�k� = 1

M

MX
i=1

e�(i)k :
We have evaluated the robustness of the results in a number of ways. First, we

have done the analysis using residual-based bootstrapping in step 2 as an alternative to

parametric bootstrapping. Second, we have adjusted b� for bias before generating data
in step 5. Finally, given a fairly persistent in�ation process we have i) generated data

such that "�t+1 follows an AR(1) process, ii) made use of a block bootstrap, and iii)

included lagged in�ation as a predictor variable both in the predictive regression and in

the bootstrap. None of these modi�cations of the bootstrap procedure outlined above

changes the qualitative conclusions in the empirical analysis.

Appendix 2. Solving for the price-consumption ratio under ra-

tional expectations

With joint log-normality the Euler equation for the consumption claim (allowing for

potential money illusion) can be written as:

Et

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
+
1

2
V art

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
= 0:

Inserting the data-generating processes for the state variables (5)-(9), the log-linearized

return relation (3), and the conjectured log-price consumption ratio (10), the conditional
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mean is given by:

Et

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
= � ln (�)� �

 
(�c + xc;t) + � (kc;0 + kc;1 (A0 + A1 [�1xc;t + �2x�;t] + A2�3x�;t))

� � (A0 + A1xc;t + A2x�;t) + � (�c + xc;t)� � (�� + x�;t)

= � ln (�)� �

 
�c + � (kc;0 + kc;1A0 � A0 + �c)� ���

+ xc;t

�
� �
 
+ �kc;1A1�1 � �A1 + �

�
+ x�;t (�kc;1 (A1�2 + A2�3)� �A2 � �) :

Likewise, the conditional variance is given by:

V art

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
= V art

�
� �
 
�c�c;t+1 + �kc;1 (A1�xc"c;t+1 + A2�x�"�;t+1) + ��c�c;t+1 � �����;t+1

�
=

�
� � �

 

�2
�2c + (�kc;1A1�xc)

2 + (�kc;1A2�x�)
2 + (���)

2 :

Solving for A0 yields:

0 = � ln (�)� �

 
�c + � (kc;0 + kc;1A0 � A0 + �c)� ���

+
1

2

(�
� � �

 

�2
�2c + (�kc;1A1�xc)

2 + (�kc;1A2�x�)
2 + (���)

2

)
m

A0 =

� ln (�)� �
 
�c + � (kc;0 + �c)� ��� +

1
2

��
� � �

 

�2
�2c + (�kc;1A1�xc)

2 + (�kc;1A2�x�)
2 + (���)

2

�
� (1� kc;1)

Solving for A1 yields:

0 = � �
 
+ �kc;1A1�1 � �A1 + �

m

A1 =
1� 1

 

1� kc;1�1
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Solving for A2 yields:

0 = �kc;1 (A1�2 + A2�3)� �A2 � �

m

A2 =
kc;1A1�2 � �

�

1� kc;1�3

Appendix 3. Solving for the price-dividend ratio under rational

expectations

With joint log-normality the Euler equation for the dividend claim (allowing for potential

money illusion) can be written as:

0 = Et

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

�
+
1

2
V art

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

�
:

Inserting the data-generating processes for the state variables (5)-(9), the log-linearized

return relations (3)-(4), the log-price consumption ratio (10), and the log-price-dividend

ratio (11), the conditional mean is given by:

Et

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

�
= � ln (�)� �

 
(�c + xc;t)� (1� �) (kc;0 + kc;1 (A0 + A1 [�1xc;t + �2x�;t] + A2�3x�;t))

+ (1� �) (A0 + A1xc;t + A2x�;t)� (1� �) (�c + xc;t)

+ (kd;0 + kd;1 (B0 +B1 [�1xc;t + �2x�;t] +B2�3x�;t))� (B0 +B1xc;t +B2x�;t)

+ �d + �xc;t � � (�� + x�;t)

= � ln (�)� �

 
�c � (1� �) (kc;0 + kc;1A0 � A0 + �c) + kd;0 + kd;1B0 �B0 + �d � ���

+ xc;t

�
� �
 
� (1� �) (kc;1A1�1 � A1 + 1) + kd;1B1�1 �B1 + �

�
+ x�;t (� (1� �) (kc;1 (A1�2 + A2�3)� A2) + kd;1 (B1�2 +B2�3)�B2 � �)
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Likewise, the conditional variance is given by:

V art

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

�
= V art[�

�

 
�c�c;t+1 � (1� �) kc;1 (A1�xc"c;t+1 + A2�x�"�;t+1)� (1� �)�c�c;t+1

+ kd;1 (B1�xc"c;t+1 +B2�x�"�;t+1) + �d�d;t+1 � �����;t+1]

=

�
� � 1� �

 

�2
�2c + ((1� �) kc;1A1�xc)

2 + ((1� �) kc;1A2�x�)
2 + (kd;1B1�xc)

2

+ (kd;1B2�x�)
2 + �2d + (���)

2

Solving for B0 yields:

0 = � ln (�)� �

 
�c � (1� �) (kc;0 + kc;1A0 � A0 + �c) + kd;0 + kd;1B0 �B0 + �d � ���

+
1

2

(�
� � 1� �

 

�2
�2c +

�
((1� �) kc;1A1)

2 + (kd;1B1)
2��2xc

)
+
1

2

��
((1� �) kc;1A2)

2 + (kd;1B2)
2��2x� + �2d + �2�2�

	
m

B0 =
� ln (�)� �

 
�c � (1� �) (kc;0 + kc;1A0 � A0 + �c) + kd;0 + �d � ���

1� kd;1

+

1
2

��
� � 1� �

 

�2
�2c +

�
((1� �) kc;1A1)

2 + (kd;1B1)
2��2xc�

1� kd;1

+
1
2

��
((1� �) kc;1A2)

2 + (kd;1B2)
2��2x� + �2d + �2�2�

	
1� kd;1

Solving for B1 yields (when inserting for A1):

0 = � �
 
� (1� �) (kc;1A1�1 � A1 + 1) + kd;1B1�1 �B1 + �

m

B1 =
�� 1

 

1� kd;1�1
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Solving for B2 yields (when inserting for A2):

0 = � (1� �) (kc;1 (A1�2 + A2�3)� A2) + kd;1 (B1�2 +B2�3)�B2 � �

m

B2 =
kd;1B1�2 � �

�

1� kd;1�3

Appendix 4. Solving for the price-consumption ratio under adap-

tive expectations

With joint log-normality the Euler equation for the consumption claim (allowing for

potential money illusion) can be written as:

Et

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
+
1

2
V art

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
= 0:

Inserting the data-generating processes for the state variables (14)-(19), the log-linearized

return relation (3), and the conjectured log-price consumption ratio (20), the conditional

mean is given by:

Et

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
= � ln (�)� �

 
xc;t + � (kc;0 + kc;1 (C0 + C1xc;t + C2x�;t))

� � (C0 + C1xc;t + C2x�;t) + �xc;t � �x�;t

= � ln (�) + � (kc;0 + kc;1C0 � C0)

+ xc;t

�
� �
 
+ �kc;1C1 � �C1 + �

�
+ x�;t (�kc;1C2 � �C2 � �) :

Likewise, the conditional variance is given by:

V art

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
= V art

�
� �
 
�c�c;t+1 + �kc;1 (C1�c�c�c;t+1 + C2������;t+1) + ��c�c;t+1 � �����;t+1

�
=

�
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�2
�2c + (�kc;1C1�c�c)

2 + (�kc;1C2����)
2 + (���)

2 :
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Solving for C0 yields:

0 = � ln (�) + � (kc;0 + kc;1C0 � C0)

+
1

2

(�
� � �

 

�2
�2c + (�kc;1C1�c�c)

2 + (�kc;1C2����)
2 + (���)

2

)
m

C0 =

� ln (�) + �kc;0 +
1
2

��
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�2
�2c + (�kc;1C1�c�c)

2 + (�kc;1C2����)
2 + (���)

2

�
� (1� kc;1)

:

Solving for C1 yields:

0 = � �
 
+ �kc;1C1 � �C1 + �

m

C1 =
1� 1

 

1� kc;1
:

Solving for C2 yields:

0 = �kc;1C2 � �C2 � �

m

C2 =
��
�

1� kc;1
:

Appendix 5. Solving for the price-dividend ratio under adaptive

expectations

With joint log-normality the Euler equation for the dividend claim (allowing for potential

money illusion) can be written as:

0 = Et

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

�
+
1

2
V art

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

�
:

Inserting the data-generating processes for the state variables (14)-(19), the log-linearized

return relations (3)-(4), the log-price consumption ratio (20), and the log-price-dividend
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ratio (21), the conditional mean is given by:

Et

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

�
= � ln (�)� �

 
xc;t � (1� �) (kc;0 + kc;1 (C0 + C1xc;t + C2x�;t))

+ (1� �) (C0 + C1xc;t + C2x�;t)� (1� �)xc;t

+ (kd;0 + kd;1 (D0 +D1xc;t +D2x�;t +D3xd;t))� (D0 +D1xc;t +D2x�;t +D3xd;t)

+ xd;t � �x�;t

= � ln (�)� (1� �) (kc;0 + kc;1C0 � C0) + kd;0 + kd;1D0 �D0

+ xc;t

�
� �
 
� (1� �) (kc;1C1 � C1 + 1) + kd;1D1 �D1

�
+ x�;t (� (1� �) (kc;1C2 � C2) + kd;1D2 �D2 � �)

+ xd;t (kd;1D3 �D3 + 1)

Likewise, the conditional variance is given by:

V art

�
� ln (�)� �

 
�ct+1 � (1� �) rc;t+1 + rm;t+1 � ��t+1

�
= V art[�

�

 
�c�c;t+1 � (1� �) kc;1 (C1�c�c�c;t+1 + C2������;t+1)� (1� �)�c�c;t+1

+ kd;1 (D1�c�c�c;t+1 +D2������;t+1 +D3�d�d�d;t+1) + �d�d;t+1 � �����;t+1]

=

�
� � 1� �

 

�2
�2c + ((1� �) kc;1C1�c�c)

2 + ((1� �) kc;1C2����)
2

+ (kd;1D1�c�c)
2 + (kd;1D2����)

2 + (kd;1D3�d�d)
2 + �2d + (���)

2

=

"�
� � 1� �

 

�2
+ ((1� �) kc;1�cC1)

2 + (kd;1D1�c)
2

#
�2c +

�
(kd;1D3�d)

2 + 1
�
�2d

+
�
((1� �) kc;1C2��)

2 + (kd;1D2��)
2 + �2

�
�2�:
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Solving for D0 yields:

0 = � ln (�)� (1� �) (kc;0 + kc;1C0 � C0) + kd;0 + kd;1D0 �D0

+
1

2

("�
� � 1� �

 

�2
+ ((1� �) kc;1�cC1)

2 + (kd;1D1�c)
2

#
�2c +

�
(kd;1D3�d)

2 + 1
�
�2d

)
+
1

2

�
((1� �) kc;1C2��)

2 + (kd;1D2��)
2 + �2

�
�2�

m

D0 =
� ln (�)� (1� �) (kc;0 + kc;1C0 � C0) + kd;0

1� kd;1

+

1
2

���
� � 1� �

 

�2
+ ((1� �) kc;1�cC1)

2 + (kd;1D1�c)
2

�
�2c +

�
(kd;1D3�d)

2 + 1
�
�2d

�
1� kd;1

+
1
2

�
((1� �) kc;1C2��)

2 + (kd;1D2��)
2 + �2

�
�2�

1� kd;1
:

Solving for D1 yields (when inserting for C1):

0 = � �
 
� (1� �) (kc;1C1 � C1 + 1) + kd;1D1 �D1

m

D1 =
� 1
 

1� kd;1
:

Solving for D2 yields (when inserting for C2):

0 = � (1� �) (kc;1C2 � C2) + kd;1D2 �D2 � �

m

D2 =
��
�

1� kd;1
:

Solving for D3 yields:

0 = kd;1D3 �D3 + 1

m

D3 =
1

1� kd;1
:
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Figure 1. The price-dividend ratio and the subsequent 20-year in�ation rate.
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Note: The �gure shows the log price-dividend ratio (solid line, right axis) and the subsequent 20-year

long in�ation rate (dashed line, left axis) over the period 1871-2012. For in�ation the last observation

is in 1992 which gives the in�ation rate from 1992 to 2012.
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Figure 2. Long-horizon in�ation predictability by the dividend-price ratio.
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Note: The �gure shows slope coe¢ cients, corresponding t-statistics, and R2�s when regressing 20-year log

in�ation on the lagged log dividend-price ratio using both a forward and backward expanding sample

period. The smallest sample size is 50. In the forward (backward) expanding sample sequence the

horizontal axis gives the sample end (starting) point with the sample always beginning (ending) in 1891

(2012).
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Figure 3. In�ation and real consumption growth.
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Note: The top �gure shows log consumption growth (solid line) and log in�ation (dashed line), both

measured over one year. The bottom �gure shows log consumption growth (solid line, left axis) and log

in�ation (dashed line, right axis), both measured over 20 years. The sample period is 1890-2009.
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Table 1. Multiperiod in�ation and return predictability by the dividend-price ratio.

k (years)

1 5 10 15 20

In�ationb��;k -0.016 -0.081 -0.202 -0.567 -0.959

t-stat -0.973 -1.781 -3.129 -6.808 -9.411

PB 0.112 0.093 0.032 0.000 0.000

R2 0.014 0.033 0.066 0.196 0.342

Bias -0.001 -0.006 -0.009 -0.013 -0.016

Nominal returnsb�n;k 0.040 0.277 0.374 0.387 0.149

t-stat 1.197 1.694 1.223 0.926 0.307

PB 0.256 0.116 0.212 0.320 0.615

R2 0.010 0.103 0.098 0.048 0.005

Bias 0.019 0.083 0.148 0.205 0.258

Real returnsb�r;k 0.060 0.346 0.585 0.956 1.118

t-stat 1.828 2.092 1.910 2.307 2.341

PB 0.140 0.061 0.058 0.014 0.016

R2 0.022 0.161 0.218 0.296 0.317

Bias 0.019 0.084 0.149 0.207 0.261

Note: The sample period is 1871-2012. k denotes the horizon in the multiperiod regression. t-statistics

for k=1 are based on Newey and West (1987) heteroskedasticity and autocorrelation robust standard

errors, while for k>1 they are based on Hodrick (1992) standard errors. PB denotes the bootstrapped

p-value computed under the null hypothesis of no predictability.
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Table 2. Multiperiod in�ation predictability by the dividend-price ratio and

risk-premium proxies.

k (years)

1 5 10 15 20

�s=�b (1881-2012)b��;k 0.009 0.012 -0.126 -0.475 -0.745

(0.398) (0.240) (-1.824) (-4.995) (-7.366)b��;k -0.002 -0.007 -0.000 0.004 -0.005

(-1.865) (-1.601) (-0.003) (0.320) (-0.357)

R
2

0.020 0.024 0.014 0.136 0.307

�s=�b (1927-2012)b��;k 0.017 0.036 -0.097 -0.461 -0.774

(0.834) (0.772) (-1.699) (-6.899) (-12.938)b��;k -0.003 -0.008 -0.002 0.010 0.004

(-2.182) (-1.424) (-0.182) (0.642) (0.272)

R
2

0.047 0.016 0.009 0.138 0.338

FF3 (1927-2012)b��;k -0.000 -0.001 -0.041 -0.340 -0.655

(-0.015) (-0.024) (-0.720) (-4.508) (-7.433)b�m;k -0.004 -0.106 -0.216 -0.689 -0.774

(-0.104) (-2.190) (-3.171) (-7.409) (-9.151)b�s;k 0.002 0.273 0.406 0.954 0.723

(0.057) (2.803) (4.898) (6.399) (6.146)b�h;k 0.039 0.148 0.168 0.242 0.216

(1.185) (2.053) (3.689) (4.386) (6.527)

R
2

-0.030 0.036 0.023 0.258 0.428

Note: k denotes the horizon in the multiperiod regression. t-statistics (given in parentheses) for k=1 are

based on Newey and West (1987) heteroskedasticity and autocorrelation robust standard errors, while

for k>1 they are based on Hodrick (1992) standard errors. �s=�b is the volatility of stocks versus that

of bonds. FF3 denotes the Fama-French three factors.
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Table 3. In�ation predictability by the dividend-price ratio under rational expectations

and money illusion.

k (years)

1 5 10 15 20

A: � = 0;  = 2; 
 = 2b��;k -0.000 0.000 0.001 0.001 0.001

t-stat -0.006 0.003 -0.000 0.000 -0.004

R2 0.028 0.059 0.075 0.086 0.096

B: � = 1;  = 0:5; 
 = 2b��;k 0.128 0.493 0.722 0.805 0.806

t-stat 9.688 5.287 4.661 4.035 3.449

R2 0.385 0.510 0.384 0.277 0.203

C: � = 1;  = 2; 
 = 2b��;k -0.106 -0.409 -0.600 -0.672 -0.676

t-stat -5.414 -3.692 -3.143 -2.664 -2.254

R2 0.172 0.235 0.194 0.159 0.136

D: � = 1;  = 0:5; 
 = 0b��;k -0.128 -0.492 -0.723 -0.807 -0.810

t-stat -9.669 -5.291 -4.667 -4.046 -3.468

R2 0.385 0.510 0.384 0.277 0.203

Note: k denotes the horizon in the multiperiod regression. t-statistics for k=1 are based on Newey and

West (1987) heteroskedasticity and autocorrelation robust standard errors, while for k>1 they are based

on Hodrick (1992) standard errors. The reported numbers are averages across 10,000 simulations each

of length 142 matching the length of annual dataset used in the empirical analysis. The data-generating

parameters besides those given in the table are � = 0:95; �c = 0:020; �d = 0:013; �� = 0:021;

� = 3; �1 = �3 = 0:9; �2 = 0; �c = 0:035; �d = 0:110; �� = 0:050; �xc = 0:005; �x� = 0:02:
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Table 4. Descriptive statistics under rational expectations and money illusion.

Mean Std.dev. AC(1)

Actual data

�t 0.021 0.059 0.330

�dt 0.013 0.118 0.133

�ct 0.020 0.035 -0.063

pdt 3.206 0.427 0.873

Simulated data

�t 0.021 0.065 0.352

�dt 0.013 0.114 0.060

�ct 0.020 0.037 0.066

pdt

A: � = 0;  = 2; 
 = 2 3.289 0.192 0.871

B: � = 1;  = 0:5; 
 = 2 2.225 0.317 0.871

C: � = 1;  = 2; 
 = 2 3.785 0.246 0.872

D: � = 1;  = 0:5; 
 = 0 3.649 0.317 0.872

Note: For the empirical results the data source is Robert Shiller�s annual data set, which covers the period

1871-2012 for dividend growth, in�ation, and the price-dividend ratio. For consumption growth the

sample is slightly smaller, namely 1890-2009. For the simulation results the data-generating parameters

besides those given in the table can be found in Table 3. The reported numbers in the simulation study

are averages across 10,000 simulations each of length 142 matching the length of annual dataset used in

the empirical analysis. AC(1) is the �rst-order autocorrelation coe¢ cient.
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Table 5. In�ation predictability by the dividend-price ratio under rational expectations

and no money illusion.

k (years)

1 5 10 15 20

A: �2 = 0:01; �1 = 0:9;  = 2; 
 = 2b��;k -0.076 -0.285 -0.404 -0.431 -0.407

t-stat -3.208 -2.305 -1.844 -1.460 -1.138

R2 0.083 0.122 0.114 0.107 0.105

B: �2 = 0:1; �1 = 0:5;  = 2; 
 = 2b��;k -0.233 -0.893 -1.303 -1.445 -1.440

t-stat -9.835 -5.264 -4.601 -3.954 -3.356

R2 0.393 0.518 0.387 0.277 0.201

C: �2 = �0:01; �1 = 0:9;  = 0:15; 
 = 100b��;k -0.051 -0.194 -0.174 -0.291 -0.272

t-stat -3.199 -2.301 -1.833 -1.436 -1.094

R2 0.084 0.123 0.115 0.109 0.107

D: �2 = �0:1; �1 = 0:5;  = 0:15; 
 = 45b��;k -0.159 -0.609 -0.888 -0.985 -0.981

t-stat -9.846 -5.263 -4.600 -3.951 -3.350

R2 0.393 0.518 0.387 0.277 0.201

Note: See the note to Table 3. The data-generating parameters besides those given in the table are

� = 0; � = 0:95; �c = 0:020; �d = 0:013; �� = 0:021; � = 3; �3 = 0:9; �c = 0:035;

�d = 0:110; �� = 0:050; �xc = 0:005; �x� = 0:02:
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Table 6. Descriptive statistics under rational expectations and no money illusion.

Mean Std.dev. AC(1)

Actual data

�t 0.021 0.059 0.330

�dt 0.013 0.118 0.133

�ct 0.020 0.035 -0.063

pdt 3.206 0.427 0.873

Simulated data

�t 0.021 0.065 0.352

�dt 0.013 0.114 0.060

�ct 0.020 0.037 0.066

pdt

A: �2 = 0:01; �1 = 0:9;  = 2; 
 = 2 3.298 0.213 0.886

B: �2 = 0:1; �1 = 0:5;  = 2; 
 = 2 3.247 0.176 0.904

C: �2 = �0:01; �1 = 0:9;  = 0:15; 
 = 100 3.031 0.312 0.886

D: �2 = �0:1; �1 = 0:5;  = 0:15; 
 = 45 3.292 0.258 0.904

Note: See the note to Table 4. For the simulation results the data-generating parameters besides those

given in the table can be found in Table 5. For consumption and dividend growth there are only very

small di¤erences in the autocorrelation coe¢ cient across the four scenarios and compared to those based

on money illusion (Table 4). For ease of exposition the reported simulation results for consumption and

dividend growth are thus reproduced from Table 4.
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Table 7. In�ation predictability by the dividend-price ratio under adaptive expectations

and money illusion.

k (years)

1 5 10 15 20

A: � = 0;  = 2; 
 = 2b��;k 0.000 0.000 -0.000 -0.002 -0.005

t-stat 0.004 -0.001 -0.006 -0.014 -0.023

R2 0.097 0.189 0.227 0.249 0.267

B: � = 1;  = 0:5; 
 = 2b��;k 0.024 0.112 0.201 0.269 0.318

t-stat 5.867 4.221 4.163 4.089 3.987

R2 0.203 0.346 0.358 0.344 0.326

C: � = 1;  = 2; 
 = 2b��;k -0.034 -0.156 -0.280 -0.377 -0.448

t-stat -4.802 -3.499 -3.455 -3.404 -3.333

R2 0.167 0.291 0.312 0.311 0.306

D: � = 1;  = 0:7; 
 = 0b��;k -0.033 -0.151 -0.272 -0.366 -0.436

t-stat -4.355 -3.186 -3.145 -3.099 -3.037

R2 0.155 0.271 0.296 0.299 0.298

Note: See the note to Table 3. The data-generating parameters besides those given in the table are

� = 0:95; �c = 0:035; �d = 0:11; �� = 0:05; �c = 0:02; �d = 0:03; �� = 0:15: For each

simulation the initial values of expected consumption growth, dividend growth, and in�ation are drawn

randomly from normal distributions with means and standard deviations matching those from empirical

data.
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Table 8. Descriptive statistics under adaptive expectations and money illusion.

Mean Std.dev. AC(1)

Actual data

�t 0.021 0.059 0.330

�dt 0.013 0.118 0.133

�ct 0.020 0.035 -0.063

pdt 3.206 0.427 0.873

Simulated data

�t 0.020 0.058 0.317

�dt 0.013 0.109 0.012

�ct 0.020 0.035 0.003

pdt

A: � = 0;  = 2; 
 = 2 3.184 0.373 0.962

B: � = 1;  = 0:5; 
 = 2 2.495 0.935 0.962

C: � = 1;  = 2; 
 = 2 3.888 0.563 0.962

D: � = 1;  = 0:7; 
 = 0 3.251 0.530 0.962

Note: See the note to Table 4. For the simulation results the data-generating parameters besides those

given in the table can be found in Table 7.
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Table 9. The Campbell-Voulteenaho approach.

�
P1

j=0 �
jEO

t �d
e
t+1+j

b�RPt b"tb�d t-stat R2 b�r t-stat R2 b�m t-stat R2

Expected in�ation:

Smoothed past in�ation, �� = 0:5

1881-2012 -1.159 -2.415 0.076 -1.044 -3.260 0.117 2.494 3.379 0.142

1881-1945 -0.248 -0.652 0.005 0.049 1.197 0.018 1.364 2.620 0.191

1946-2012 -0.825 -0.665 0.011 -0.088 -0.031 0.000 9.866 5.850 0.421

1927-2002 0.982 0.684 0.009 -6.693 -3.120 0.164 5.813 2.929 0.221

Smoothed past in�ation, �� = 0:1

1881-2012 -6.139 -16.254 0.729 -2.638 -5.509 0.373 5.498 4.242 0.228

1881-1945 -3.932 -5.642 0.315 0.255 1.400 0.057 6.254 8.138 0.691

1946-2012 13.675 7.159 0.494 -7.844 -1.524 0.048 4.454 1.331 0.035

1927-2002 7.018 4.586 0.368 -14.684 -4.882 0.553 2.615 0.969 0.026

Smoothed past in�ation, �� = 0:9

1881-2012 -0.513 -1.494 0.025 -0.562 -2.772 0.059 1.331 2.245 0.067

1881-1945 -0.117 -0.409 0.002 0.017 0.556 0.004 0.767 1.765 0.113

1946-2012 -0.433 -0.429 0.005 -0.247 -0.107 0.000 6.340 4.003 0.284

1927-2002 0.565 0.529 0.004 -4.508 -2.743 0.103 3.393 2.431 0.146

Long-term bond yield

1881-2012 2.774 1.684 0.065 -2.995 -3.803 0.305 -3.028 -2.821 0.075

1881-1945 22.937 5.793 0.429 1.572 1.962 0.108 -14.156 -2.213 0.251

1946-2012 14.612 19.746 0.940 -9.045 -1.974 0.252 -3.631 -2.237 0.161

1927-2002 13.215 7.062 0.729 -15.251 -3.332 0.435 -1.456 -0.700 0.010

Note: t-statistics are based on Newey and West (1987) heteroskedasticity and autocorrelation robust

standard errors.
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