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Abstract

In long-term US stock market data the price-dividend ratio strongly predicts fu-
ture in�ation with a positive slope coe¢ cient up to the mid 1970s. Thereafter,
the predictability turns negative. We argue that this phenomenon re�ects money
illusion that disappears during the 1970s. We develop a consumption-based asset
pricing model with recursive preferences and either money illusion or in�ation non-
neutrality that can explain the predictive patterns. The model is also consistent
with a structural shift around the mid 1970s in the real interest rate - in�ation
relationship, thus supporting the hypothesis of disappearing money illusion at that
time.
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1 Introduction

Since Fisher (1928) it has been widely recognized that people may su¤er from money

illusion in the sense of confusing nominal with real variables. They mistakenly consider an

increase in the nominal value due to a general increase in the price level to be an increase

in the real purchasing power. In �nancial markets money illusion leads to mispricing

and in the �nance literature the most prominent model to explain such mispricing is the

Modigliani and Cohn (1979) hypothesis according to which investors discount real cash

�ows with nominal discount rates. This causes stock markets to be undervalued in times

of high in�ation and overvalued in times of low in�ation. 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.

In the �nance literature several studies have reported empirical evidence consistent

with the Modigliani-Cohn hypothesis, e.g. Campbell and Vuolteenaho (2004), Cohen,

Polk, and Vuolteenaho (2005), and Brunnermeier and Julliard (2008).1 The main em-

pirical implication of the hypothesis is that the price-dividend ratio is negatively related

to expected in�ation. In this literature expected in�ation is typically modeled as a

smoothed backward-looking function of past in�ation. As emphasized by Campbell and

Vuolteenaho (2004), the Modigliani-Cohn hypothesis is radical because it assumes that

only stock market investors su¤er from money illusion; bond market investors do not dis-

play such irrationality. Of course this leaves the question as to why there should be this

di¤erence between the two types of investors. As an alternative to the Modigliani-Cohn

hypothesis, Basak and Yan (2010) develop an economic model in which both stock and

bond market investors su¤er from money illusion. All investors share the same stochastic

discount factor and they behave rationally (optimize and have rational expectations) ex-

cept that the stochastic discount factor features money illusion. Despite these di¤erences

to the Modigliani-Cohn model, Basak and Yan�s model shares the main implication with

the Modigliani-Cohn hypothesis, i.e. a negative relation between the price-dividend ratio

and expected in�ation.

In the current paper we approach the money illusion hypothesis from a new angle. We

�rst document that in long-term US data up to the mid 1970s, the price-dividend ratio

is strongly and positively related to future in�ation (see Figure 1 and Table 1 below).

An interesting implication of this kind of predictability is that real stock returns are

1The e¤ects of money illusion on �nancial markets have received growing attention in recent years.
A non-exhaustive list includes Asness (2000, 2003), Sharpe (2002), Ritter and Warr (2002), Chen, Lung
and Wang (2009), Lee (2010), Bekaert and Engstrom (2010), Wei (2010), and Acker and Duck (2013).
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more predictable by the price-dividend ratio than nominal stock returns. Similarly, real

dividend growth is less predictable than nominal dividend growth. These implications are

con�rmed in the data. The positive in�ation predictability by the price-dividend ratio

is consistent with the presence of money illusion although at �rst sight it seems to be

at odds with the prevailing view that stock prices and expected in�ation are negatively

related.

Next, we develop an economic model that explains the positive relation between the

price-dividend ratio and future in�ation. We follow Basak and Yan (2010) and assume

that both stock and bond market investors su¤er from money illusion. In their model

consumption and dividend growth are independently and identically distributed (iid)

and investors have time-separable power utility. However, this model cannot explain the

positive stock price - in�ation relationship. In the spirit of Bansal and Yaron (2004), we

extend Basak and Yan�s model to feature recursive preferences and a small persistent

component in consumption and dividend growth. This extension is crucial for generating

the positive relation between the price-dividend ratio and future in�ation that we see in

the data up to the mid 1970s.

We calibrate the model with reasonable values of preference parameters and show

that it generates time-series of in�ation, dividend growth, consumption growth, and the

price-dividend ratio with moments that match the moments of actual data. In particular,

the model is able to match the positive relationship between the price-dividend ratio and

future in�ation. By contrast, with time-separable power utility - as in Basak and Yan

(2010) - the model generates a counterfactual negative relationship between the price-

dividend ratio and future in�ation. As expected, when we calibrate the model to display

no money illusion, there is no relationship between these two variables.

Since the 1970s the strong and positive stock price - in�ation relationship has disap-

peared. Over the last 40 years the price-dividend ratio has been negatively related to

future in�ation. Thus, a structural shift appears to have happened in the mid 1970s. We

document this shift and discuss economic explanations for it. We conjecture that the

high-in�ation period of the late 1960s and early 1970s made people more aware of the

consequences of in�ation, and in both the general public and the academic community

(cf. Modigliani and Cohn, 1979) this led to a renewed interest in the phenomenon of

money illusion which contributed to its disappearence. Thus, the disapperance of money

illusion resembles the disappearence of �nancial market anomalies when they are discov-

ered, e.g. the well-known �size anomaly�discovered by Banz (1981) which seems to have

disappeared or at least signi�cantly reduced since its discovery, cf. Schwert (2003).
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The increased awareness of in�ation and its consequences for the real economy during

the 1970s was furthermore triggered by the breakdown of the Phillips curve and the

outbreak of �stag�ation�(cf. Bruno and Sachs, 1985). There is evidence that from the

1970s expected in�ation and expected consumption growth become directly connected

and that this �in�ation non-neutrality�e¤ect can explain the negative relation between

the price-dividend ratio and future in�ation that characterizes the period since the mid

1970s. In our economic model calibrated to a period starting in the mid 1970s, when we

replace money illusion with a direct negative relationship between expected consumption

growth and expected in�ation - as in e.g. Bansal and Shaliastovich (2013) - the price-

dividend ratio signi�cantly predicts future in�ation with a negative sign, in accordance

with the data. By contrast, this version of the model cannot explain the data up to the

mid 1970s.

Thus, compared to the existing literature, our analysis o¤ers the following new ex-

planation of the stock price - in�ation relationship in the US over the period 1871-2016:

Up to the mid 1970s �nancial market investors su¤ered from money illusion, resulting in

a positive relation between stock prices and expected in�ation. After the high-in�ation

period of the 1970s, money illusion disappeared. Instead, since the mid 1970s expected

in�ation has had a direct negative impact on expected economic growth which has re-

sulted in a negative relationship between stock prices and expected in�ation.

As further evidence in support of our model, we analyze the implications of the model

for the term structure of real interest rates. In general, the literature has found that real

interest rates are negatively related to expected in�ation (Ang, Bekaert, and Wei, 2008;

Bansal and Shaliastovich, 2013). Our model is consistent with this �nding. In addition,

in the model money illusion implies that the short-term real interest rate predicts future

in�ation with a negative coe¢ cient. This relationship is con�rmed in US data up to

the mid 1970s, but is signi�cantly weakened thereafter. Thus, interestingly, there seems

to be a structural shift in the real interest rate - in�ation relationship around the mid

1970s which can be explained by the disappearence of money illusion, consistent with

our explanation for the structural shift in the stock price - in�ation relationship.

The rest of the paper is organized as follows. Section 2 presents the empirical evi-

dence of the relationship between the price-dividend ratio and future in�ation. It also

documents the structural shift in the relationship in the mid 1970s. In Section 3 we

develop an economic model featuring money illusion that explains the positive relation

between the price-dividend ratio and future in�ation up to the mid 1970s. This includes

a simulation study where we calibrate the model to match US data. In Section 4 we ex-
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tend the model to also feature �in�ation non-neutrality�and show that this is a potential

explanation for the negative relation between the price-dividend ratio and future in�ation

prevailing since the mid 1970s. Section 5 studies the implications of our model for the

term structure of real interest rates and Section 6 concludes. The Appendix contains

a description of the bootstrap procedure used to compute p-values in the predictability

regressions, and it gives the detailed derivations of the central equations of the economic

model.

2 The price-dividend ratio and future in�ation

Empirical studies of money illusion in the stock market typically consider the relation

between the price-dividend ratio and a constructed measure of expected in�ation. For ex-

ample, Campbell and Vuolteenaho (2004) use an exponentially declining moving average

of past in�ation as their measure of expected in�ation and regress the price-dividend ratio

onto that measure. Assuming that actual in�ation is positively correlated with expected

in�ation, and in the spirit of Fama (1975), we instead consider predictive regressions of

future actual in�ation on the price-dividend ratio. Table 1 presents regression results

based on

�t;t+k = ��;k + ��;kpdt + "�;t+k, (1)

where pdt is the log price-dividend ratio and �t;t+k =
Pk�1

j=0 �t+1+j denotes the sum of

one-period log in�ation from period t to t + k: As emphasized by Cochrane (2008), 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. With ��;k 6= 0 expected in�ation is
time-varying as captured by the price-dividend ratio. For k = 1 we compute t-statistics

using Newey and West (1987) heteroskedasticity 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, cf. Ang and Bekaert (2007). To

account for potential small-sample bias that can arise due to the use of a highly persistent

predictor variable such as the price-dividend ratio, we also report bootstrapped p-values

(PB in Table 1) 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, which

cover the period 1871-2016. For the regressions in Table 1 we use S&P stock prices and

dividends as well as the Consumer Price Index to compute in�ation and the price-dividend
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ratio.2

For the full sample period (1871-2016) Table 1 shows that the price-dividend ratio

predicts future in�ation with a positive sign. This holds irrespective of the horizon,

although the statistical evidence is strongest for large values of k. Figure 1 gives a

graphical representation of in�ation predictability by the price-dividend ratio. The �gure

shows the log price-dividend ratio (the solid line) and the subsequent 20-year log in�ation

rate (the dashed line). In�ation stops at 1996, the last year with a 20-year future in�ation

rate (from 1996 to 2016). As seen, there is a clear tendency that the two variables move

together.

However, Figure 1 also indicates a structural shift in the relation between the price-

dividend ratio and future in�ation. Since the mid 1970s the price-dividend ratio appears

to predict future in�ation with a negative sign. To show that this structural shift holds

across all horizons, Table 1 contains predictive regression results for the two sub-sample

periods: 1871-1976 and 1977-2016. The early sub-sample is de�ned such that the last

observation for pdt is in 1976, while in�ation continues for an additional k years to be

consistent with the forecast regression (1). For the latter sub-sample we only consider

horizons of 1 and 5 years due to a lower number of observations. In this sample period

the �rst observation for pdt is 1977 and future in�ation begins in 1978. In�ation thus

overlaps to a certain degree across the two sub-sample periods, but importantly the data

for the price-dividend ratio are distinctively di¤erent.3

In the early sub-sample the price-dividend ratio predicts future in�ation with a pos-

itive sign and the statistical evidence is even stronger than for the full sample period.

For example, ��;k is now also statistically di¤erent from zero for k = 1 as evidenced by

the bootstrapped p-value of 0.017 and the R2 has more than doubled compared to the

full sample period. However, for the late sub-sample the predictive coe¢ cient, ��;k, has

changed sign, but the relation is still statistically signi�cant for both k = 1 and 5. The

price-dividend ratio thus signi�cantly predicts future in�ation with a positive sign up till

the mid 1970s and with a negative sign thereafter.

In Table 1 and in our subsequent analyses we have set the break date between 1976

and 1977. In some sense this is an arbitrary choice but we emphasize that none of

2In unreported regressions we obtain similar results using data from the Center for Research in
Security Prices (CRSP). We present our �ndings based on Robert Shiller�s data since these cover a
longer sample period compared to CRSP data. (Here and all subsequent places where we refer to
unreported results, details are available upon request to the authors).

3Formal tests support a structural break in ��;k in 1976-1977. For example, for k = 5 a Chow
breakpoint test yields a Wald test statistic of 7.85 and a corresponding p-value of 0.005.
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our results change qualitatively by changing this date one or two years to either side.

The basic question is: when did people realize that the economy had moved to a new

in�ation regime? During the 1960s in�ation rose, but - Friedman (1968) and Phelps

(1968) notwithstanding - �nancial markets, policy makers, and the general public did not

acknowledge the fundamental shift in the relation between in�ation and the real economy

until the breakdown of the Phillips curve and the outbreak of �stag�ation�during 1973-

1975 (cf. Bruno and Sachs, 1985). In 1976 Milton Friedman received the Nobel prize and

in his Nobel lecture (Friedman, 1977) he discusses in detail this shift, emphasizing both

the importance of expectations and the tendency to confuse nominal for real changes, i.e.

money illusion. In relation to the new paradigm of in�ation, Friedman writes (p. 469):

"It restored the primacy of the distinction between real and nominal magnitudes". Thus,

one can argue that 1976-1977 marks the end of the �old view�and beginning of the �new

view�of in�ation. The increased attention to the impact of in�ation immediately led to

analyses of in�ation�s impact on asset prices (e.g. Fama and Schwert, 1977; Modigliani

and Cohn, 1979: Fama, 1981).

The empirical results in Table 1 raise a fundamental question. The existing litera-

ture on money illusion generally supports a negative relation between stock prices and

expected in�ation, both empirically (e.g. Campbell and Vuolteenaho, 2004) and theo-

retically (Basak and Yan, 2010). Does that then rule out money illusion as a potential

explanation for the documented positive relation between the price-dividend ratio and

actual future in�ation up to the mid 1970s? Furthermore, what explains the negative

relation between the price-dividend ratio and future in�ation since the mid 1970s? In

the remainder of the paper, we address these questions.

2.1 The price-dividend ratio and future returns and dividend

growth

Before presenting a formal model of money illusion we will elaborate on the consequences

of in�ation predictability by the price-dividend ratio for our understanding of price move-

ments in the stock market. The price-dividend ratio is often used as predictor for future

stock returns and dividend growth. Campbell and Shiller (1988) provide theoretical sup-

port for using the price-dividend ratio as predictor through their log-linearized present
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value relation (the dynamic Gordon growth model):

pdt = Et

1X
j=0

�j(�dt+1+j � rt+1+j) +
c

1� �
: (2)

�dt+1 is the �rst di¤erence of log dividends, rt is log stock return, � = eE(pd)=(1 +

eE(pd)), and c is a linearization constant. Et is the expectations operator, conditional on

information at time t.4

Equation (2) 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 (2) as

pdt = Et

1X
j=0

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

1� �
: (3)

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

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

independent of whether dividends and prices are measured in nominal or real terms. The

rewrited Campbell-Shiller relation, equation (3), is a dynamic accounting identity that

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

and in�ation.

If investors do not su¤er from money illusion, a change in expected in�ation (�t+1+j)

will change expected nominal returns (rt+1+j) and nominal dividend growth (�dt+1+j)

one for one and leave pdt una¤ected. However, if investors do su¤er from money illusion,

pdt will move with changes in �t+1+j; and from (3) it is clear that if pdt has predictive

power for future in�ation then it will predict nominal and real returns and dividend

growth di¤erently. As seen from (3), 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. With positive in�ation predictability we should expect

real returns to be more predictable than nominal returns, and vice versa for dividend

growth.

Table 2 shows the results from the following regressions over the sample period 1871-

4Equation (2) 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 (2) only hold approximately. Campbell and Shiller
(1988) and Engsted, Pedersen, and Tanggaard (2012) show, however, that the approximation error is
negligible.
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1976

xt;t+k = �n;k + �n;kpdt + "n;t+k,

(xt;t+k � �t;t+k) = �r;k + �r;kpdt + "r;t+k,

where xt;t+k is either
Pk�1

j=0 rt+1+j or
Pk�1

j=0 �dt+1+j; i.e. the sum from period t to t + k

of one-period nominal log returns or one-period nominal log dividend growth:5 We use

the same data and the same standard errors and bootstrap approach as in the case of

in�ation predictability (Table 1).

Evaluating return predictability in Table 2, we see that although the slope coe¢ cient

has the theoretically correct negative sign, cf. (2), nominal returns are statistically

unpredictable by the price-dividend ratio even at a 10% signi�cance level (except for

k = 5). The price-dividend ratio is, however, a strong predictor of future real returns.

Taking small-sample bias into account (i.e. using the p-value PB) we �nd evidence of

real return predictability for k > 1 at a 5% signi�cance level and for k = 1 at a 10%

signi�cance level.

The interesting implication of these �ndings is that if returns are truly unpredictable,

positive in�ation predictability will make real returns predictable, as evidenced by the sig-

ni�cant b�r;k values in Table 2. Conversely, if returns are truly predictable, such in�ation
predictability may make nominal returns unpredictable, as evidenced by the insigni�cantb�n;k values in Table 2. Similarly, we �nd that nominal dividend growth is signi�cantly
predictable with the theoretically correct positive sign, cf. (2), but only for k = 1 is real

dividend growth predictable. In fact, for k > 5 the predictive coe¢ cient turns negative.

These results are consistent with positive in�ation predictability over the period 1871-

1976 as shown in Table 1.6 We believe that these di¤erences between nominal and real

return and dividend growth predictability due to in�ation predictability are not generally

acknowledged, although emphasized by Engsted and Pedersen (2010). Whether to inter-

pret the empirical results as evidence of predictability or unpredictability of returns and

dividend growth by the price-dividend ratio naturally hinges on the underlying economic

5According to (3) it should be future long-horizon discounted in�ation, returns, and dividend growth
(where the discount factor is �) that are related to pdt. Since � is only slightly less than one, in practice
it makes no di¤erence whether the variables are discounted or not, and hence we do not discount with �.
We have done all regressions also using discounted values and none of the results change qualitatively.

6Unreported results show that for the period 1977-2016, nominal stock returns are more predictable
by the price-dividend ratio than real returns (both with a negative sign), which is consistent with negative
in�ation predictability in this period (cf. Table 1). Also for dividend growth is the di¤erence between real
and nominal predictability consistent with negative in�ation predictability, although dividend growth is
virtually unpredictable in this period.
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model. In the next section we develop an economic model based on money illusion to

explain the positive relation between the price-dividend ratio and future in�ation.

3 Is money illusion the explanation?

To evaluate if money illusion can explain the positive relation between the price-dividend

ratio and future in�ation, we derive an economic model that explicitly allows investors to

su¤er from money illusion. 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. Both analytically

and through a simulation study, the model delivers important economic insights into

money illusion as an explanation for the positive relation between the price-dividend

ratio and future in�ation.

As will become clear through the rest of the paper, existing models linking asset

prices to in�ation cannot explain the positive relation between stock prices and and

future in�ation over the period 1871-1976. This includes the model by Basak and Yan

(2010) based on time-separable power utility and featuring money illusion, and the long-

run risk model by Bansal and Shaliastovich (2013) featuring in�ation non-neutrality. In

contrast, the model developed in this paper is consistent with the empirical �ndings over

the period 1871-1976.

3.1 Economic model

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
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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.7

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; (4)

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

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 discount real cash �ows with a nominal

discount factor the log stochastic discount factor can be written as

bmt+1 = mt+1 � ��t+1; (5)

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

discount factor under (partial) money illusion follows Basak and Yan (2010) and implies

that both stock and bond market investors fail to properly account for the e¤ect of

in�ation. This contrasts with the traditional Modigliani and Cohn (1979) hypothesis,

where only stock market investors su¤er from money illusion. Thus, there is a di¤erent

kind of incoherence involved in the two approaches to money illusion: in Modigliani-Cohn

type of money illusion bond markets are rational but stock markets are not. In Basak and

Yan�s model, by contrast, both markets are rational in all aspects, except that investors

use a distorted stochastic discount factor to discount real cash �ows on all assets.

In Section 5 we study the e¤ects of money illusion on the term structure of real interest

7Thimme (2017) provides a review of the empirical literature on the intertemporal elasticity of sub-
stitution and �nds that the size of  (including whether it is larger or smaller than 1) depends on, among
others, the use of aggregate consumption data or microdata, the estimation technique, the underlying
economic model, and the sample period.
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rates, but for now we focus on the stock market. 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 (1988):

rc;t+1 = kc;0 + kc;1pct+1 � pct +�ct+1; (6)

rm;t+1 = kd;0 + kd;1pdt+1 � pdt +�dt+1: (7)

pct is short-hand notation for the log price-consumption ratio and pdt is (as before) the

log price-dividend ratio. 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.8 More speci�cally, ki;1 is computed as exp (z) = [1 + exp (z)] and ki;0 as

� ln (ki;1)� (1� ki;1) ln (1=ki;1 � 1), where z denotes the linearization point for the price-
dividend ratio and price-consumption ratio, respectively.

To close the model, we assume that consumption, dividends, and in�ation have the

following dynamics:

�ct+1 = �c + xc;t + �c�c;t+1; (8)

�dt+1 = �d + �xc;t + �d�d;t+1; (9)

�t+1 = �� + x�;t + ����;t+1; (10)

xc;t+1 = �1xc;t + �xc"c;t+1; (11)

x�;t+1 = �3x�;t + �x�"�;t+1: (12)

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 modeled as containing a small persistent predictable component (xc;t
and x�;t, with �1 > 0 and �3 > 0). 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). Note also that although in�ation

will have real e¤ects through money illusion, in�ation will be �neutral�by not directly

a¤ecting the real variables of the model. In Section 4 we extend equation (11) by the

term �2x�;t to allow for in�ation non-neutrality.

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

8Engsted et al. (2012) 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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between the price-dividend 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 relation between the price-dividend ratio and in�ation,

similar to what Campbell and Vuolteenaho (2004) 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).9

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: (13)

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

potential money illusion), can be written as

0 = Et

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
+
1

2
V art

�
� ln (�)� �

 
�ct+1 + �rc;t+1 � ��t+1

�
:

Inserting the data-generating processes for the state variables (8)-(12), the log-linearized

return relation (6), and the log price-consumption ratio (13), we verify the conjectured

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

A2 (in a generalized setting where we also allow for in�ation non-neutrality, cf. Section

4).

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

state variables:

pdt = B0 +B1xc;t +B2x�;t: (14)

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

9The assumption of constant volatility implies constant risk premia, but extending the model to
include time-varying volatility and hence time-varying risk premia does not change the relation between
the price-dividend ratio and expected in�ation shown later in (14) and (16). Furthermore, unreported
simulation results show similar empirical relations between the price-dividend ratio and future in�ation
whether or not volatility is constant or time-varying.
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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

�
:

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

for the state variables (8)-(12), the log-linearized return relations (6)-(7), the log price-

consumption ratio (13), and the log price-dividend ratio (14) to verify the conjectured

solution. See Appendix 3 for additional details as well as the expression for B0 (in a

generalized setting where we also allow for in�ation non-neutrality, cf. Section 4). The

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

B1 =
�� 1

 

1� kd;1�1
; (15)

B2 =
��
�

1� kd;1�3
: (16)

Regarding the sign of B1 we �rst see that the denominator is positive (assuming a sta-

tionary process for expected consumption growth and a log-linearization constant below

1), 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 stocks driving up the price-dividend ratio, i.e. the substitution e¤ect domi-

nates. 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 (assuming a stationary process

for expected in�ation and a log-linearization constant below 1) such that our main fo-

cus should be on the numerator. Since � is positive, the sign of B2 is determined by

� = (1� ) = (1� 1= ) : The empirical evidence of a positive relation between the price-
dividend ratio and in�ation documented in Table 1 can thus be explained by investors

su¤ering from money illusion and having recursive preferences with the preference pa-

rameters  and  simultaneously being either larger than one or smaller than one such

that � < 0 and, hence, B2 > 0. In contrast, if either  or  is above one and the

other preference parameter is below one, then there will be a negative relation between

the price-dividend ratio and expected in�ation. Note that this negative relation will
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also arise if investors have time-separable power utility in which case � = 1, which is

consistent with the model of Basak and Yan (2010).

To gain some intuition for money illusion and its impact on stock prices it is instructive

to consider the Euler equation (4) which can be written as:

Et

�
exp

�
(� � 1) rc;t+1 + � ln (�) +

 � 1
 � 1�ct+1 � ��t+1 + ri;t+1

��
= 1:

Note that in the special case of standard power utility ( = 1
 
) the �rst term in the

brackets cancels out and the coe¢ cient on consumption growth is � instead of �1
 �1 .

If in�ation is expected to increase at time t + 1, then marginal utility for an investor

su¤ering from money illusion will decrease at time t+ 1: Stated di¤erently, the investor

su¤ering from money illusion expects higher returns at time t + 1 simply due to in-

creases in in�ation. As also argued by Basak and Yan (2010), a standard power utility

investor responds to the decrease in marginal utility by transfering consumption from

time t + 1 to t resulting in decreasing asset prices at time t. Hence, there is a negative

relation between asset prices and expected in�ation. With recursive preferences the in-

vestor�s consumption decision depends on both the degree of relative risk aversion and

the intertemporal elasticity of substitution. For example, with  > 1 and a dominating

substitution e¤ect ( > 1), increases in expected in�ation leads the investor to transfer

consumption from time t to t + 1 resulting in increasing asset prices at time t: In other

words, the investor seeks to take advantage of the perceived higher expected returns by

reducing consumption and increasing savings at time t, causing an upward pressure on

asset prices.

3.2 Simulation study

To explore the implications from the economic model in terms of in�ation predictability

by the price-dividend 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, over the sample period 1871-1976. We focus on this

sub-sample period due to the observed structural break in the mid 1970s and because

the positive relation between the price-dividend ratio and future in�ation in this period

seems to contrast with existing evidence (e.g. Campbell and Vuolteenaho, 2004). (In

Section 4 we compare our results with those of Campbell and Vuolteenaho). Data are

from Robert Shiller�s website as in Section 2. Note that consumption is only available
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from 1890.

To provide some inspiration for the data-generating parameters related to the latent

variables of the model, we estimate equations (11) and (12) using survey data for expected

in�ation and expected consumption growth (proxied by expected GDP growth). We

consider data both from the Livingston Survey, which is given on a semi-annual basis

since 1951, and from the Survey of Professional Forecasters, which is given on a quarterly

basis since 1968. In both cases we make use of one-year ahead forecasts. Table 3 contains

the results. Although the survey data cover a much smaller sample period, we use the

estimated coe¢ cients and regression standard errors (both converted to annual frequency)

to guide us in our choice of data-generating parameter values.10

The data-generating parameters and the results from in�ation predictability regres-

sions with horizons matching those in Table 1 are given in Table 4, while Table 5 contains

the corresponding descriptive statistics. The persistence parameters �1 and �3 are set

equal to 0.50 and 0.90, respectively. 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).

Our expected consumption growth series display much less persistence. This is due to

our use of annual instead of monthly data, and because we calibrate the model to the

period 1871-1976 where realized consumption growth (and dividend growth, in�ation,

and the price-dividend ratio) display relatively little persistence as seen from Table 5.

For � we follow Bansal and Yaron and set it equal to 3. In our main scenario we set

 = 2 and  = 2: The reported numbers are averages across 10,000 simulations each of

length 105+k, which matches the length of the sample period 1871-1976 plus the forecast

horizon consistent with the empirical analysis in Table 1.11

The �rst set of results in Panel A of Table 4 is for the case with no money illusion (� =

10Bansal and Shaliastovich (2013) use data from the Survey of Professional Forecasters to estimate
equations similar to (11) and (12). In Section 4 we compare our results to those of Bansal and Shalias-
tovich.
11At this point it will be relevant to address the critique of Epstein, Farhi, and Strzalecki (2014).

They criticize the long-run risk literature based on Epstein-Zin-Weil preferences for not paying enough
attention to temporal resolution of risk, which is a function of the preference parameters and the data-
generating process for consumption. They ask the question: "What fraction of your consumption stream
would you give up in order for all risk to be resolved next month?" and call this fraction the timing
premium. Based on the consumption process and preference parameters used by Bansal and Yaron
(2004), Epstein et al. compute the timing premium to be of the order 25-30 percent, which they �nd
to be unrealistically high. Compared to Bansal and Yaron, we work with a much lower value of relative
risk aversion, a less persistent consumption process, and constant volatility, all of which reduce the size
of the timing premium. With constant volatility and  =  = 2, as in our main scenario, Figure 1 in
Epstein et al. (2014) indicates a timing premium in the order of 5-10 percent. Due to a less persistent
consumption process the timing premium will be even lower in our case. Hence, Epstein et al.�s critique
is not a concern in our case.
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0;  = 2;  = 2). As expected from (16) there is in this case no in�ation predictability

from the price-dividend ratio; the slope coe¢ cients and t-statistics are virtually zero.

If we allow for money illusion but assume investors have time-separable power utility

(� = 1;  = 0:5;  = 2, cf. Panel B in Table 4) we would expect to �nd a negative

relation between the price-dividend ratio and in�ation, cf. (16) and Basak and Yan

(2010). This is exactly what we �nd in the simulation study. The slope coe¢ cients are

negative and strongly signi�cant for all horizons. Note, however, that this is in direct

contrast to the empirical results for the early sub-sample in Table 1, where the slope

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

 = 2;  = 2, cf. Panel C in Table 4) the simulation results line up much better with

the empirical �ndings. The slope coe¢ cients are signi�cantly positive for all horizons.

To ensure that our results under money illusion and recursive preferences do not

come about due to unrealistic simulated data, Table 5 compares the mean, standard

deviation, and persistence of actual dividend growth, consumption growth, in�ation, and

the price-dividend ratio over the period 1871-1976 to the simulated series. Overall we see

a good match between the actual and simulated data, except for the standard deviation

of the price-dividend ratio and the persistence of in�ation which are a bit too low in the

simulated data.

In our main scenario we set  =  = 2, but the in�ation predictability results do

not critically hinge on these speci�c values of the preference parameters. However, high

relative risk aversion will reduce the degree of in�ation predictability; the absolute value of

� = (1� ) = (1� 1= ) will increase and hence the e¤ect of money illusion will decrease,
cf. (16). Likewise, values of  closer to 1 and only partial money illusion, 0 < � < 1; will

also reduce predictability. These implications are all supported by unreported simulation

results.

The main result in this section is that in a model featuring money illusion and recursive

preferences, and with reasonable preference parameters, we are able to match the positive

relation between the price-dividend ratio and future in�ation up till the mid 1970s. In

the next section we investigate an alternative model and look speci�cally at the most

recent period 1977-2016.
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4 What about in�ation non-neutrality?

Given that the existing literature on money illusion generally supports a negative relation

between stock prices and expected in�ation, it is interesting to observe the results for

the sample period 1977-2016 in Table 1 which are consistent with this literature. The

natural question is whether money illusion explains both the positive relation between

stock prices and future in�ation up till the mid 1970s and the negative relation since then?

This would be possible if, for example, there was a structural shift in the intertemporal

elasticity of substitution at that time such that it went from being above 1 to below

1. However, what would explain such a structural shift exactly at that point in time?

Although there is empirical evidence that the intertemporal elasticity of substitution

varies over time, cf. Thimme (2017), the existing literature does not suggest a structural

shift in  in the mid 1970s.

We can also interpret our �ndings such that money illusion emerged in the mid 1970s

if we are willing to assume that  > 1 and  < 1: The negative relation between the price-

dividend ratio and in�ation documented in Table 1 for the period 1977-2016 would then

be consistent with the existing literature. However, that would require an alternative

explanation for the positive relation between the price-dividend ratio and in�ation up

till the mid 1970s. In this section we explore in�ation non-neutrality as a potential

alternative explanation.

Following Bansal and Shaliastovich (2013), we extend the economic model to allow

for in�ation non-neutrality by replacing (11) with

xc;t+1 = �1xc;t + �2x�;t + �xc"c;t+1; (17)

which 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 stock prices and in�ation. In solving the model with (17)

instead of (11) we maintain the conjecture that the log price-dividend ratio is a linear

function of the state variables, cf. (14). B1 remains unchanged while B2 now re�ects the

e¤ect of in�ation non-neutrality (see Appendix 3 for details):

B2 =
kd;1B1�2 � �

�

1� kd;1�3
: (18)

With no money illusion, � = 0; but in�ation non-neutrality, �2 6= 0; it is possible to
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obtain a positive relation between the price-dividend ratio and expected in�ation. This

is the case if B1 and �2 are of the same sign. Recall that the sign of B1 depends on the

size of  relative to � (i.e. whether the substitution e¤ect or the wealth e¤ect dominates),

while the sign of �2 is more unclear and ultimately an empirical matter. In a long-run

risk setup Bansal and Shaliastovich (2013) use (17) to study the e¤ect of in�ation non-

neutrality on bond return predictability and violations of the uncovered interest rate

parity in currency markets. Using data from the Survey of Professional Forecasters from

1969 to 2010, they �nd evidence that �2 < 0 which is in line with the common perception

that if in�ation has a direct e¤ect on the real economy it should be with a negative sign.

If �2 < 0, the wealth e¤ect needs to dominate (i.e.  < 1=�) in order for the price-

dividend ratio to be positively 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) leads to a smaller increase in expected dividend growth (through �) than

in expected returns (through  ), and thereby drive down the price-dividend ratio. In

contrast, if �2 < 0 and the substitution e¤ect dominates (i.e.  > 1=�) the price-dividend

ratio and expected in�ation are negatively related, consistent with the empirical results

for the period since the mid 1970s.

To further study the presence of in�ation non-neutrality and a potential break in �2
in the mid 1970s, we estimate (17) for the period up till 1976 and over the period 1977-

2016 using data from both the Survey of Professional Forecasters and the Livingston

Survey. The results are given in Table 3, Panel C. We cannot reject that �2 = 0 in the

early sub-sample period, which suggests that in�ation non-neutrality cannot explain the

positive relation between stock prices and future in�ation up till the mid 1970s. Likewise,

we cannot reject that �2 = 0 over the period 1977-2016. However, in estimating their

asset pricing model over the period 1969-2010, Bansal and Shaliastovich (2013) conclude

that �2 is signi�cantly negative. And, despite our formal non-rejection of �2 = 0, the

results in Table 3 indicate a potential change of sign of �2 such that it turns negative

in the mid 1970s. The breakpoint tests reported in the notes to Table 3 do in fact

support a structural break in �2 in the mid 1970s for both the Livingston Survey and the

Survey of Professional Forecasters. Similar to the in�ation predictability results (Table

1) it is interesting to note that the shift in �2 comes after a period of high in�ation

and increased attention to the impact of in�ation on asset prices and economic growth

(cf. section 2). The negative �2 combined with a dominating substitution e¤ect, such

that B1 is positive (which is the case for the parameters used in the simulation study

in Section 3.2), implies a negative relation between stock prices and expected in�ation
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in accordance with the empirical results for the sample period 1977-2016. The results

in Table 3, Panel C, thus suggest that in�ation non-neutrality can explain the negative

relation between stock prices and in�ation since the mid 1970s.

To explore further if in�ation non-neutrality can explain the empirical �ndings in

the sample period 1977-2016 we conduct a simulation study similar to the case with

money illusion, where we calibrate the model at the annual frequency. Again we use

the results from Table 3 (converted to annual frequency) to guide our choice of data-

generating parameter values for the expected consumption and expected in�ation series.

The data-generating parameters and the results from in�ation predictability regressions

with horizons matching those in Table 1 are given in Table 6. We maintain the same

preference parameters as in the case of money illusion, i.e.  = 2 and  = 2: Table 6

shows that �2 < 0 does generate the theoretically correct negative slope coe¢ cient (given

 > 1=�, which is the case when  = 2 and � = 3) when predicting future in�ation by

the price-dividend ratio.

In their empirical analysis spanning the period 1927-2002, Campbell and Vuolteenaho

(2004) �nd evidence of a negative relation between the price-dividend ratio and expected

in�ation constructed as an exponentially declining moving average of past in�ation. To

analyze if our economic model is consistent with Campbell and Vuolteenaho�s empirical

results we simulate time series of length 75 (corresponding to the period 1927-2002) with

the �rst 50 observations (1927-1976) based on the data-generating parameters in Table

4 and the last 25 observations (1977-2002) based on the data-generating parameters in

Table 6. Using the combined time series, unreported results reveal a negative relation

between the price-dividend ratio and expected in�ation constructed using an adaptive

expectations formation scheme as in Campbell and Vuolteenaho. Our �ndings are thus

not in contrast to those by Campbell and Vuolteenaho; the di¤erence just re�ects that

Campbell and Vulteenaho use a sample period that includes a structural break in the

relation between the price-dividend ratio and in�ation.

Overall, the above results suggest that �2 turned negative in the mid 1970s and that

this is a potential explanation for the negative relation we have observed between stock

prices and in�ation since that time, cf. Table 1. If we are willing to claim that �2 < 0

from the mid 1970s based on the results in Table 3 (although also acknowledging that

Bansal and Shaliastovich, 2013, �nd evidence that �2 is signi�cantly negative over a

period starting in 1969) one could also argue that �2 > 0 up till the mid 1970s. That is,

high expected in�ation would lead to high expected economic growth, as in a standard

Phillips curve. A positive �2 can yield a positive relation between stock prices and
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expected in�ation when  = 2 and � = 3, cf. (18). To further distinguish between

the two competing explanations for the positive relation between stock prices and future

in�ation in the period 1871-1976, we turn to the term structure of real interest rates in

the next section.

5 What about the term structure of real interest

rates?

Following Basak and Yan (2010), we specify the stochastic discount factor as in (5)

which implies that both stock and bond market investors su¤er from money illusion,

in contrast to the traditional Modigliani and Cohn (1979) hypothesis where only stock

market investors are not able to properly account for the e¤ect of in�ation. Given that

our model implies that also bond market investors su¤er from money illusion we now

consider the impact of money illusion on the term structure of real interest rates. We

allow for both money illusion and in�ation non-neutrality. Apart from the presence of

money illusion the model is closely related to the term structure model by Bansal and

Shaliastovich (2013) who also formulate their model in a consumption-based long-run

risk setup.

Given joint log-normality and money illusion, the Euler equation for real zero coupon

bonds is given as

p
(n)
t = Et

�
p
(n�1)
t+1 + bmt+1

�
+
1

2
V art

�
p
(n�1)
t+1 + bmt+1

�
; (19)

where bmt+1 is given by (5) and p
(n)
t denotes the log price of a real zero coupon bond at

time t with n periods to maturity. Using the same approach as in the case of stocks, we

conjecture that the real bond price is a linear function of the state variables,

p
(n)
t = D

(n)
0 +D

(n)
1 xc;t +D

(n)
2 x�;t; (20)

where the coe¢ cients are now a function of maturity. Next, we insert (20) into the Euler

equation (19) along with the data-generating processes for the state variables (8)-(10),

(12), (17), the log-linearized return relation (6), and the log price-consumption ratio (13)

to verify the conjectured solution (see Appendix 4 for additional details). Since the real

interest rate is given as r(n)t = �p(n)t =n, we get the following model-implied term structure
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of real interest rates:

r
(n)
t =

1

n

�
�D(n)

0 +
1

 
� 1� �n1
1� �1

xc;t

+

�
�

�
� 1� �n3
1� �3

� �2

�
D
(n�1)
1 + �3D
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(1)
1

��
x�;t

�
:

For n = 1 this simpli�es to

r
(1)
t = �D(1)

0 +
1

 
xc;t +

�

�
x�;t; (21)

since D(n�j)
1 is not de�ned for n = 1:

As we saw in Section 3, to explain the positive relation between stock prices and

in�ation with money illusion it must hold that � < 0, i.e.  and  need to be simulta-

neously either larger or smaller than one. In (21) with � < 0, money illusion implies a

negative relation between the short term real interest rate and expected in�ation. This

relation also holds for n > 1 since (1� �n3 ) = (1� �3) > 0: Thus, in periods with high

expected in�ation real interest rates are low, which drives up stock prices consistent with

our �ndings in Section 3. It is also consistent with the general �nding in the empirical

literature of a negative relation between short term real interest rates and expected in-

�ation, e.g. Ang et al. (2008). Also, replacing the price-dividend ratio as predictor for

future in�ation in Table 1 with the 1-year real interest rate from Robert Shiller�s data,

Table 7 shows a strong negative relation across all horizons consistent with the economic

model under money illusion. Interestingly, since the mid 1970s the relation between real

interest rates and in�ation appears less strong. For k = 1 there is a strong negative

relation up till the mid 1970s (PB = 0:000; R2 = 0:091) while since the mid 1970s the

relation is insigni�cant (PB = 0:218; R2 = 0:018). These �ndings are consistent with

money illusion being present until the mid 1970s and then disappearing.12

As seen from (21), in�ation non-neutrality has no e¤ect on the short term real interest

rate, but for n > 1 a negative �2 implies a negative relation between real interest rates

and expected in�ation since D(i)
1 < 0 for all i: This is consistent with Bansal and Shalias-

tovich (2013). The strong negative relation between the short term real interest rate

and in�ation up till the mid 1970s can thus not be explained by in�ation non-neutrality,

which provides additional support to money illusion as the explanation for the empirical

�ndings. Likewise, the potential presence of in�ation non-neutrality since the mid 1970s,

12Consistent with the case of in�ation predictability by the price-dividend ratio, we obtain similar
results using CRSP data and the 3-month Treasury Bill rate as proxy for the short-term interest rate.
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as argued in Section 4, should have no impact on the short term real interest rate, cf.

(21), which again is consistent with the empirical evidence in Table 7. As mentioned in

Section 4, a positive �2 could in theory explain the positive relation between stock prices

and in�ation in the period 1871-1976, but again, �2 has no impact on the short term real

interest rate and this explanation would thus be inconsistent with the empirical �ndings

in Table 7.

6 Concluding remarks

In this paper we have argued that a fundamental shift in the relationship between stock

prices and in�ation happened during the 1970s. Up to the mid 1970s �nancial markets

su¤ered from money illusion, but the high and increasing in�ation of the late 1960s and

early 1970s made investors more aware of the impact of in�ation and, thus, money illusion

disappeared. The main motivation for our analysis is the new �nding that up to the mid

1970s the price-dividend ratio strongly and positively predicts future in�ation, whereas

over the last 40 years the price-dividend ratio predicts future in�ation with a negative

coe¢ cient.

We have argued that the increased awareness of in�ation and its consequences during

the late 1960s and �rst half of the 1970s explains both the disappearance of money

illusion and the appearance of in�ation non-neutrality, i.e. the direct negative e¤ect of

in�ation expectations on real economic growth. In the �nancial economics literature

this direct e¤ect is often modeled as in equation (17) with �2 < 0 (e.g. Bansal and

Shaliastovich, 2013). Our analysis is consistent with such a direct in�ation non-neutrality

e¤ect kicking in after the structural shift in the mid 1970s. Our analysis then also points

to an explanation for the depressed stock prices at the late 1970s that is fundamentally

di¤erent from the explanation given by Modigliani and Cohn (1979) and Campbell and

Vuolteenaho (2004). They argue that the low stock prices were caused by high expected

in�ation in combination with money illusion in the stock market (but not in the bond

market). Our model implies that by the end of the 1970s money illusion had vanished;

instead, high expected in�ation led to low expected economic growth and, consequently,

to low stock prices.

Furthermore, our money illusion explanation for the stock price - in�ation relationship

up to the mid 1970s di¤ers fundamentally from the traditional Modigliani-Cohn explana-

tion. In our model both stock and bond markets su¤er from money illusion and investors
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have recursive preferences with low risk aversion and high elasticity of intertemporal sub-

sitution. In combination with small but persistent components in economic growth, this

model generates the positive relation between the price-dividend ratio and future in�a-

tion that we see in the data up to the mid 1970s. The Modigliani-Cohn model cannot

explain this positive relationship.
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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 + �kpdt + "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 = �+ �pdt + "t+1,

pdt+1 = $ + �pdt + !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�;b$; b�; and b
; where 
 is the covariance matrix of the residuals:


 =

"
�2" �"!

�"! �2!

#
:

3. Generate T 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 pdt :

pd�1 � N
�
pd; b�2pd� :

where pd and b�2pd denote the sample average and the variance, respectively, of the
price-dividend 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 observations of pdt:

b$ + b�pd�t + !�t+1 ! pd�t+1
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6. Use b� together with the generated values of "t+1 to obtain T 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 + �kpd
�
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 :

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. For the lower one-sided p-value, the inequality
signs are reversed.

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.
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Appendix 2. Solving for the price-consumption ratio

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 (8)-(10), (12), (17), the

log-linearized return relation (6), and the conjectured log-price consumption ratio (13),

the conditional 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:
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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

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

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 (8)-(10), (12), (17), the

log-linearized return relations (6)-(7), the log-price consumption ratio (13), and the log-
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price-dividend ratio (14), 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 � �)

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
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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

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 term structure of real interest rates

With joint log-normality the Euler equation for zero coupon bonds (allowing for potential

money illusion) can be written as:

p
(n)
t = Et

�
p
(n�1)
t+1 + bmt+1

�
+
1

2
V art

�
p
(n�1)
t+1 + bmt+1

�
;

where bmt+1 is given by (5).

Inserting the data-generating processes for the state variables (8)-(10), (12), (17), the

log-linearized return relation (6), the conjectured log-price consumption ratio (13), and
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the conjectured bond price (20), the conditional mean is given by:

Et

�
D
(n�1)
0 +D

(n�1)
1 xc;t+1 +D

(n�1)
2 x�;t+1 + � ln (�)� �

 
�ct+1 � (1� �) rc;t+1 � ��t+1

�
= D

(n�1)
0 +D

(n�1)
1 [�1xc;t + �2x�;t] +D

(n�1)
2 �3x�;t + � 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)� � (�� + x�;t)

= D
(n�1)
0 + � ln (�)� �

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

+ xc;t

�
D
(n�1)
1 �1 �

�

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

�
+ x�;t

�
D
(n�1)
1 �2 +D

(n�1)
2 �3 � (1� �) kc;1 (A1�2 + A2�3) + (1� �)A2 � �

�
:

Likewise, the conditional variance is given by:

V art

�
D
(n�1)
0 +D

(n�1)
1 xc;t+1 +D

(n�1)
2 x�;t+1 + � ln (�)� �

 
�ct+1 � (1� �) rc;t+1 � ��t+1

�
= V art

�
D
(n�1)
1 �xc"c;t+1 +D

(n�1)
2 �x�"�;t+1 �

�

 
�c�c;t+1�

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

=
�
D
(n�1)
1 �xc

�2
+
�
D
(n�1)
2 �x�

�2
+

�
� � 1� �

 

�2
�2c + ((1� �) kc;1A1�xc)

2

+ ((1� �) kc;1A2�x�)
2 + (���)

2 :

Solving for D(n)
0 yields:

D
(n)
0 = D

(n�1)
0 + � ln (�)� �

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

+
1

2

"�
D
(n�1)
1 �xc

�2
+
�
D
(n�1)
2 �x�
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+
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�2
�2c

#
+
1

2

�
((1� �) kc;1A1�xc)
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2 + (���)

2�
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Solving for D(n)
1 yields:

D
(n)
1 = D

(n�1)
1 �1 �

�

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

= D
(n�1)
1 �1 �

1

 

= � 1
 
� 1� �n1
1� �1

Solving for D(n)
2 yields:

D
(n)
2 = D

(n�1)
1 �2 +D

(n�1)
2 �3 � (1� �) kc;1 (A1�2 + A2�3) + (1� �)A2 � �

= D
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1 �2 +D
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2 �3 �

�
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D
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1 + �23D
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(1)
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 1871-2016. For in�ation the last observation

is in 1996 which gives the in�ation rate from 1996 to 2016.
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Table 1. Multiperiod in�ation predictability by the price-dividend ratio.

k (years)

1 5 10 15 20

1871-2016b��;k 0.018 0.061 0.175 0.372 0.808

t-stat 1.134 1.423 2.876 4.640 8.248

PB 0.074 0.133 0.043 0.005 0.000

R2 0.017 0.020 0.060 0.131 0.298

1871-1976b��;k 0.049 0.151 0.445 0.814 1.087

t-stat 1.464 1.655 3.734 5.151 6.675

PB 0.017 0.047 0.001 0.000 0.000

R2 0.046 0.046 0.152 0.299 0.415

1977-2016b��;k -0.037 -0.154

t-stat -2.493 -7.416

PB 0.001 0.001

R2 0.372 0.365

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. PB denotes the bootstrapped p-value computed under the

null hypothesis of no predictability. For the sample period 1871-1976, the last observation for the price-

dividend ratio is 1976, i.e. for k=1 in�ation is measured from 1871-1977, for k=5 in�ation is measured

from 1871-1981 etc.
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Table 2. Multiperiod return and dividend growth predictability by the price-dividend

ratio, 1871-1976.

k (years)

1 5 10 15 20

Nominal returnsb�n;k -0.067 -0.475 -0.464 -0.459 -0.129

t-stat -1.333 -2.248 -1.301 -0.864 -0.221

PB 0.216 0.045 0.170 0.280 0.641

R2 0.012 0.150 0.100 0.065 0.004

Real returnsb�r;k -0.116 -0.625 -0.909 -1.273 -1.216

t-stat -2.160 -2.736 -2.298 -2.269 -2.065

PB 0.072 0.009 0.008 0.002 0.011

R2 0.036 0.247 0.300 0.441 0.402

Nominal dividend growthb�n;k 0.255 0.347 0.390 0.800 0.939

t-stat 3.643 2.156 1.985 2.646 2.479

PB 0.000 0.020 0.073 0.007 0.006

R2 0.284 0.098 0.098 0.232 0.275

Real dividend growthb�r;k 0.206 0.197 -0.055 -0.014 -0.147

t-stat 2.987 1.335 -0.276 -0.051 -0.426

PB 0.000 0.137 0.327 0.370 0.235

R2 0.203 0.044 0.003 0.000 0.020

Note: See notes to Table 1.
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Table 3. Survey-based measures of expected in�ation and expected consumption

growth.

Livingston Survey Survey of Prof. Forecasters

�1 �2 �3 R2 �1 �2 �3 R2

A: Equation (11)

Up to 1976 0.639 0.399 0.859 0.724

(5.65) [0.013] (8.86) [0.008]

1977-2016 0.549 0.313 0.865 0.777

(5.96) [0.010] (23.46) [0.004]

B: Equation (12)

Up to 1976 0.979 0.991 0.900 0.820

(22.18) [0.006] (11.68) [0.006]

1977-2016 0.961 0.929 0.985 0.975

(31.93) [0.005] (78.80) [0.003]

C: Equation (17)

Up to 1976 0.584 0.137 0.423 0.847 0.151 0.743

(4.92) (1.40) [0.013] (8.89) (1.49) [0.008]

1977-2016 0.503 -0.095 0.334 0.858 -0.016 0.778

(5.23) (-1.56) [0.010] (22.84) (-0.93) [0.004]

Note: Data based on the Livingston Survey cover the period 1951-2016 on a semi-annual frequency.

Data based on Survey of Professional Forecasters cover the period 1968-2016 on a quarterly frequency.

Numbers in parentheses are t-statistics and numbers in brackets are regression standard errors. Testing

for a structural break in �2 in 1976-1977 a Chow breakpoint test based on equation (17) yields a Wald

test statistic of 4.66 (p-value equal to 0.03) using Livingston Survey data, and 6.72 (p-value equal to

0.01) using data from the Survey of Professional Forecasters.
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Table 4. In�ation predictability by the price-dividend ratio under money illusion.

k (years)

1 5 10 15 20

A: � = 0;  = 2;  = 2b��;k 0.001 0.006 0.000 0.004 0.004

t-stat 0.006 0.021 0.001 0.009 0.009

R2 0.013 0.024 0.026 0.027 0.026

B: � = 1;  = 0:5;  = 2b��;k -0.141 -0.533 -0.768 -0.847 -0.853

t-stat -5.872 -3.859 -3.402 -2.952 -2.560

R2 0.234 0.396 0.321 0.240 0.184

C: � = 1;  = 2;  = 2b��;k 0.178 0.680 0.988 1.096 1.115

t-stat 4.378 3.444 3.099 2.713 2.378

R2 0.155 0.265 0.218 0.165 0.131

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 105+k matching the length of the data used in Tables 1 and 2 for the sample period 1871-

1976. The data-generating parameters besides those given in the table are � = 0:93; �c = 0:020;

�d = 0:012; �� = 0:015; � = 3; �1 = 0:50; �3 = 0:90; �c = 0:035; �d = 0:120; �� = 0:055;

�xc = 0:015; �x� = 0:015:
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Table 5. Descriptive statistics under money illusion.

Actual data Simulated data

Mean Std.dev. AC(1) Mean Std.dev. AC(1)

�t 0.015 0.066 0.282 0.015 0.063 0.195

�dt 0.012 0.132 0.116 0.012 0.130 0.066

�ct 0.020 0.040 -0.103 0.020 0.039 0.084

pdt 3.055 0.286 0.712 3.016 0.133 0.713

Note: The reported descriptive statistics are given for the sample period 1871-1976 (for consumption

1890-1976) corresponding to the early sub-sample period in Table 1. For the simulation results the data-

generating parameters are given in Table 4, Panel C. The reported numbers in the simulation study are

averages across 10,000 simulations each of a length matching the sample period 1871-1976. AC(1) is the

�rst-order autocorrelation coe¢ cient.
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Table 6. In�ation predictability by the price-dividend ratio under in�ation

non-neutrality.

k (years)

1 5

b��;k -0.087 -0.292

t-stat -5.866 -2.985

R2 0.405 0.426

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=5 they are based

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

of a length matching the length of the late sample period 1977-2016. The data-generating parameters

besides those given in the table are � = 0:93; �c = 0:019; �d = 0:025; �� = 0:035; � = 3;

�1 = 0:6; �2 = �0:15; �3 = 0:95; �c = 0:01; �d = 0:055; �� = 0:02; �xc = 0:01;

�x� = 0:01;  = 2;  = 2:
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Table 7. Multiperiod in�ation predictability by the short-term real interest rate.

k (years)

1 5 10 15 20

1871-2016b��;k -0.275 -0.802 -1.313 -1.137 -1.489

t-stat -2.273 -2.315 -3.230 -2.815 -2.936

PB 0.000 0.000 0.000 0.005 0.004

R2 0.087 0.078 0.081 0.036 0.049

1871-1976b��;k -0.278 -0.813 -1.350 -1.132 -1.497

t-stat -2.135 -2.246 -3.248 -2.712 -2.893

PB 0.000 0.001 0.001 0.005 0.003

R2 0.091 0.082 0.086 0.036 0.049

1977-2016b��;k -0.122 -0.983

t-stat -0.488 -2.994

PB 0.218 0.044

R2 0.018 0.060

Note: See notes to Table 1.
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