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Abstract
Subject. The study discusses the dependence of estimates of the fundamental 
stock value (based on the earnings-price ratio) on the expected inflation. 
Objectives. I determine the type and parameters of such dependence.
Methods. The research is based on methods for estimating the stock value and
regression analysis to define the parameters of the suggested model.
Results. For the US stock market (S&P 500 index), it is shown that earnings-
price ratio for the earnings averaged over 10 years has a significant positive
correlation with the indicator chosen to characterize the expected inflation. It is 
substantiated that the main reason is the impact of the expected inflation on 
the real determinants of the fundamental value, primarily on the risk premium. 
Conditions  are  formulated  under  which  Gordon's  formula  can  be  used  to 
determine the type of relationship between the fundamental stock value and its 
determinants for a time series of observations with a changing real discount 
rate.
Conclusions. The model is  suggested for estimating the fundamental  stock 
value based on the linear  relationship between the earnings-price  ratio  and 
inflation.,  and its parameters are determined. The adequacy of the model is 
confirmed empirically for the US stock market. The findings can complement 
investor’s decision-making methods in the stock market.
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Introduction*

The  estimation of  the fundamental value of assets is highly important for investors and 

has  a  long  history  of  research.  The  broad  consensus  is  summarized  in  equating  the 

fundamental  value  of  an  asset  to  the  sum of  discounted  cash  flows  received  by  the 

investor. For stocks, the Dividend Discount Model (DDM) is used most often. However, 

the model’s parameters (discount rate and growth rates) are difficult to set up adequately

enough for a long period. Therefore, based on this model, indicators were proposed, such 

as price-earnings (P/E) ratio,  earnings-price (E/P) ratio,  as  well  as  dividend yield and 

* The English text is provided by the author.
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earnings yield, which, under some assumptions, allow to estimate fundamental parameters 

based on the observed variables.

These indicators are used to form hypotheses about expected returns and to reconcile the 

indicators and benchmarks of the fundamental stock value [1–6].

J.Y. Campbell and R.J. Shiller [5], as for dataset extending the S&P 500 Index from 1872, 

showed convincingly that the deviation of estimates of (P/E)t at the t-point from standard

value indicates, first of all, the deviation of stock prices from their fundamental value.  

The historical  mean  is  used  as  the  standard  value.  That  is,  the  model  that  allows  to 

estimate  the  fundamental  stock  value  for  a  selected  long  interval  can  be  written  as 

follows:

(V /E)t =(P /E)mn = const ;

V  is  an  estimate  of  fundamental  stock  value,  (V /E )t  is  the value  V /E ratio  at 

the point t , (P /E)mn is the mean ratio over a long period.

In this study, it is believed that the possibility of using the mean as estimation ratios for 

fundamental  parameters  is  based  on  assumptions,  some  of  which  need  to  be  further 

discussed. In particular,  the invariability of expected real indicators (discount rate and 

growth rates) under changing market conditions, including changes in the inflation rate.

In  this  study,  I  attempt  to  design a  model  that  allows  to  correct  the  estimate of  the 

earnings-price ratio for the fundamental stock value (E /V )t , depending on changes in the 

expected rate of inflation.

The proposed model is as follows:

(E /V )t=(E /P)mn+b (I t− Imn);

b is a coefficient close to 1, It is an indicator of the long-term expected inflation at the

point t , Imn is the mean of It within the selected long-term interval.

The E /P ratio is used, since exactly this ratio can be represented as a linear relationship 

with inflation,  under  certain assumptions,  and gives  a high level of  determination for 

the regression model.

The relationship between ratios for the estimation and inflation was considered earlier by

the following major aspects. First, there is a money illusion and misjudgment of the stock 

market  by  investors  [7–9].  Second,  there  is  a  direct  relationship  between E /P and 

the nominal yield of government bonds, according to the Fed model [10–14]. Third, there 

is  the  relationship  between  real  expected  parameters,  such  as  the  discount  rate  and 

dividend (earnings) growth rates, and inflation [14–17].

This paper concerns the third direction.
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It is important for the regression model to use observed values as explanatory variables 

rather than their estimates. Therefore, the expected inflation rate is calculated based on 

historical data. Following J.Y. Campbell and R.J. Shiller [5], the 10-year average earnings 

are used in the earnings-price ratio instead of current earnings. In the proposed work, it is 

shown that the E/P ratio, based on the earnings averaged over 10 years, has a significant 

and positive correlation with the inflation rate averaged over the last five years. According 

to quarterly data for different time intervals after World War II, linear regression gives a 

high level of determination of more than 70%, and regression parameters are significant 

(within 1881–2019, the coefficient of determination is 26%).

The experiments concerned the U.S. market (S&P 500 Index)1.

The Basis for the Model

The negative dependence of the P/E ratio (inverse to the ratio considered herein) on the 

expected inflation was indicated by F. Modigliani and R.A. Cohn [7]. The money illusion 

and the stock market incorrectly evaluated by investors were found to be the main reason 

within the 1960–1970s. This hypothesis was supported by some authors [8, 9] and widely 

accepted. This rationale, apparently, can apply to certain time intervals  to explain local 

irrational actions of investors, but as a general statement leads us to a negation of either 

empirical  data  or  the  Dividend  Discount  Model  (DDM).  DDM does  not  provide  for 

a combination of nominal and real variables.

That is, the discrepancy between the observed values and the model’s estimates may arise 

from properties of variables used in the model. This possibility is also mentioned by F. 

Modigliani and R.A. Cohn [7].  It  is an effect of inflation on the required real rate of 

return.

According to the Fed model, there is a direct relationship between E/P (or earnings yield) 

and the nominal yield of government bonds, which includes the expected inflation. When 

the  earnings  yield  is  lower  than  the  yield  on  government  bonds,  the  stock  market  is 

overestimated and vice versa. Thus, stock returns may be efficiently predicted. The model 

is very popular, but its adequacy and the practical application are viewed differently in

the scientific literature. The main complaints about the model are that the earnings yield, 

that has a real expression, is equated to the nominal yield, and the very possibility of  

using the model to predict stock returns is not confirmed [10–13]. It is pointed out that  

the main  component  responsible  for  the  correlation  of  stock  and  bond  returns  is 

the expected inflation [14].

Moreover, it should be noted that the ability to predict returns based on E/P rests on the 

assumption that the value of this indicator  is constant for the fundamental stock value. 

Otherwise, there should an additional assumption about  the equal rate of the expected 

inflation at the beginning and the end of the holding period.

1 URL: http://www.econ.yale.edu/~shiller/data.htm
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It is well-known that the E/P, P/E ratios for the fundamental stock value can be expressed 

in terms of nominal and real variables. In this case,  values do not change. That is, the 

dependence of real variables of the DDM (real expected returns and (or) real earnings 

growth rates) on inflation is the only explanation  of the dependence of these ratios on 

inflation.  Thus,  in  particular,  S.A. Sharpe  [16]  argues  that  the  negative  relationship 

between P/E and expected inflation may result  from two effects, i.e. a lower expected 

growth in real earnings and a higher real required returns when inflation rises.

As many researchers  note, the negative relationship between inflation and real realized 

stock returns [18–22]. However, this does not mean that the statement may apply to real 

required returns, which determine the current stock prices.

I. Fisher [23, p. 222] mentions the difference between expected and realized future

events2. R.D. Arnott and P.L. Bernstein [24] emphasize a fundamental difference between 

expected and realized indicators of returns for the stock market and present a scenario that 

confirms this point of view with respect to 1926–2001.

Thus,  investors’ expectations  will  be  expressed  in  predictable  parameters,  taking into 

account the  expected  risk.  In the mean time, the level of risks and, consequently, risk 

premium depend on the expected inflation rate.

M. Friedman [25] argues that a higher inflation is associated with a greater volatility in 

inflation and a greater uncertainty about future inflation rates. B.G. Malkiel [26] notes that 

the high inflation rate is associated with a significant variability of the inflation rate and 

considerable relative price changes that make long-term planning risky. Other authors also 

confirm a positive  correlation between rising inflation and greater uncertainty [10, 22, 

27]. Greater uncertainty leads to higher risk premium investors require  in case of high 

inflation.  A  significant  correlation  between  expected  inflation  and  risk  premium  is 

demonstrated by G. Bekaert, E. Endstrom [14].

That is, current (consequently, expected) high inflation causes increased uncertainty about

future parameters, which should entail an increase in risk premium, a higher discount rate 

of future cash flows and a decrease in the fundamental stock value.

Thus, real expected (required) rates of returns (and possibly expected growth earnings 

rates) depend on the expected inflation rate. For this study, the fact of uneven changes in

the  discount  rate  and  growth  rates  with  changes  in  the  inflation  rate  is  important. 

Moreover,  as  the expected  inflation  rate  increases,  the  expected  real  rate  of  earnings 

growth lags behind the real discount rate due to a rise in risk premium. This fully explains 

a rise in the E/V ratio with a growing inflation rate.

2 Our present behavior can only be affected by the expected future, not the future as it will turn out but the future
as it appears to us beforehand through the veil of the unknown.
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To formally substantiate a type of such relationship, we formulate additional conditions. 

Suppose that at each point of time, investors assess the market  with constant long-term 

expected real parameters, such as growth rates of earnings (g) and the discount rate (k).

According to the Gordon Growth model:

V=
r E(1+g)

(k−g)
;  (1)

where  k=kfr0+kr0+k(X),  kfr0 is  real risk-free rate;  kr 0 is a constant part of risk premium; 

k (X) is parameter-dependent  component  of  risk  premium;  X is  a  set  of  parameters, 

X={ x j} , j=1 ,m ;r is the dividend payout ratio. We also point out kcon as a component of 

the discount rate, independent of the parameters X ,kcon=kfr 0+kr0 .

Is it possible to use the initial series of observations to estimate the fundamental value for 

different values of X, focusing on the Gordon Growth formula?

Additionally, assume that:

1) within  the  analyzable interval,  the  real  growth  rate  is  a constant  that  does  not

depend on X;

2) dependence of risk premium on parameters is linear k (X)=∑ a j x j ;

3) dividend payout ratio to earnings per share (r) is constant.

There is an initial series of observations  {(E/P)i} with different values of parameters at 

each point Xi, which corresponds to an unknown series of estimates of the earnings-price 

ratio for fundamental values {(E/V)i}. Let there be a procedure for transforming the series 

{(E/P)i} into the series of data {(E/P)i*} with the same values. For example, X0, with

unchanged values of  kcon and  g. Then we can apply the Gordon Growth formula to this 

series to estimate the fundamental values and

(E /V )i
*
(X 0)=

(kcon−g)

r (1+g)
+
∑ a j x j0

r (1+g)
=const . (2)

The ratio changes when values of the parameters become different at point i from X0 to Xi 

is expressed by the formula:

Δ(E /V )i
*
(Xi , X0)=

∑ a j(x ji−x j0)

r (1+g)
. (3)

Taking into account the assumption that the market is estimated with constant long-term 

expected values of growth rates and the discount rate at every moment of time, expression 

(3)  can  be  applied  to  ratios  (E/V)i corresponding  to the  initial  series  of  observations 

{(E/P)i}, from the ratios (E/V)i* and
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(E /V )i=
kcon−g

r (1+g)
+
∑ a j x ji

r (1+g)
. (4)

That  is,  under  the  above  conditions,  the  Gordon  Growth  formula  determines  the 

relationship  of  parameters  used  for  the  fundamental  valuation  of  stocks  at  a  variable 

discount rate.

If the set X consists of one parameter – the expected inflation (I), then k(X)=k(I)=cI, c-is 

a constant coefficient, and

(E/V )i =
kcon−g

r (1+g)
+

cI i

r (1+g)
= a+bI i , (5)

where a, b are constant coefficients.

Thus, under the above assumptions, the E/V ratio is described by a linear dependence on 

expected inflation, and it is natural to apply the least squares method to the initial series of 

observations {(E/P)i}to estimate the coefficients a, b.

This article does not  allow for the prediction of returns based on E/V. However, in  the 

following  section,  realized  returns  are compared  with  estimates of  returns  based  on 

the proposed model at known future inflation to confirm the closeness of the eestimates of 

stock value to fundamental values.

Parameters of the E/P Model

The study focuses on the U.S.  stock market (S&P 500 Index) within the period from 

1945–2019, when the selected inflation indicator was only positive (from Q1 1945 to Q4 

2019).  Fig. 1 shows the dependencies  of E/P and  I on time (E stands for  average real 

earnings over the last decade, including the current quarter, P is the index in real values on 

the last day of the quarter, I is average inflation over the last  five years by CPI).  The 

dynamics of these indicators obviously approximates. For comparison, the nominal yield 

on 10-year government bonds (d10) is also showed.

Linear  regression E /V=a+bI or E /V=(E /P)mn+b ( I−Imn) is  built on  quarterly  data

{E/Pi}.  Values  of  Student’s  t-test  are  showed in  parentheses  in the  selected  interval

a = 0.025 (17.43),  b = 0.974 (29.73), which significantly exceed critical values at  the 

significance  level  of  0.01,  thereby  confirming  statistical  significance;  coefficient  of 

determination R2 = 75%.

Within the selected interval, segments of 60 years were  pointed put, for which similar 

regressions were constructed. The first one is 1945–2004, the last one is 1960–2019, with 

16 periods in total. Each period begins with the first quarter of the first year and ends with 

the fourth quarter of the last year. The results are summarized in Table 1.
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The coefficient a varies from 0.019 to 0.028, the mean is 0.025. The coefficient b varies 

from 0.939 to 1.054, the mean is 0.969. R2 varies from 70 to 84%. The E/P(I) relationship 

for 1960–2019 is showed in Fig. 2.

For further analysis, it is convenient to take b = 1, then a also changes (the last column in 

Table 1, the mean is 0.024).

Thus, as an approximate representation of the model, we take the expression:

E/V =(E /P)mn + (I − Imn) .

This version of the model is tested in the following paragraphs herein.

Fig.  3 and  4 show  the  time  dependencies  for  1960–2019:  E/P,  E/V,  (E/P)mn and 

the approximation to P through the proposed model – curve V, and through the mean of 

the E/V ratio – curve V(E/Pmn).

The proposed model is outwardly similar to the Fed model, but has a different rationale.  

Expected  inflation  is  postulated  as  a  variable  parameter  of  risk  premium rather  than 

a component of the nominal yield on bonds.  The constant  parameter of the model  (a) 

differs from the real  risk-free rate  in accordance with  the relationship (5),  although it 

includes it with a coefficient. In addition, that government bond yields are known to

poorly correlate with E/P [10] for intervals embracing earlier periods (seen in Fig. 1 for 

10-year average earnings). Finally, it should be noted that this article examines the ratio of 

ten-year average earnings per share to its price,  while the Fed model  concerns  earnings 

yield using current values.

Testing of the Model

Testing  involves  S&P 500  within  1960–2019. Insignificant fluctuations  of the dividend 

payout ratio for the index allows to analyze returns instead of the overall one.

An apparent correlation of E/P and expected inflation makes it difficult to predict stock 

returns based on this parameter. However, the possibility to predict the fundamental stock 

value at  the end of the interval,  which the investor is  interested in,  (given reasonable 

estimates of future inflation) allows to estimate the returns on index relative to current 

prices under the additional assumption that was already used in the second section. The

expected long-term growth rate of real earnings does not depend on expected inflation. 

Then the formula for the price returns (dt , if b=1) is:

for an interval of i years:

dt (i)=
V t+1

Pt
−1 (6)

or
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dt (i)=
Et+ i

Pt(E /V )t+ i
−1=(1+g)

i (E /P)t

(E /V )t+ i
−1=(1+g)

i (E /P)t

[(E /V )mn+( It+ i−I mn)]
−1. (7)

The annual mean:

dt (1)=(1+g){ (E /P)t

[(E /V )mn+( It+ i−I mn)]}
1 / i

−1. (8)

The fundamental value estimate is used for the end of the holding period. (E/V)mn, Imn are 

the  mean  values  for  the  previous  60  years,  relative  to  time  t.  Growth  rates  (g)  are 

estimated based on an exponential approximation of the dynamics of real earnings over 

the previous 60 years for each moment of forecasting returns.

For each  point within 1960–2009 (2014), the model-based average annual price returns 

dt(1) 10 (and 5)  years  ahead  are compared  to the  mean annual  realized price  returns

on the same projected segment  drt.  Estimates of projected returns  are based on annual 

data, provided that future inflation is known reliably. The corresponding dependencies are 

showed in Fig. 5 and 6. Linear regression coefficients for the mean returns over 10 years:

a =  0.037,  b =  0.973,  R2 =  69%. For  the  average  returns  over  5 years:  a =  0.059,  

b =  0.747,  R2 =  47%.  Long-term  forecasting  expectedly  gives  a  higher  degree  of 

determination.

The  effectiveness  of  forecasting  depends  on  the  accuracy  of  inflation  forecasting. 

The experiment is  aimed at  confirming the correctness of the model for  assessing the 

current fundamental stock value, and does not characterize the efficiency of forecasting 

returns with unknown future inflation.

Conclusions

The presented model allows to estimate the fundamental stock value with reference to 

expected  inflation  and  can  serve  as  a  decision-making  tool  for  investors  along  with 

models for forecasting economic parameters.

The model  has a theoretical substantiation based on the expanded use of the Dividend 

Discount Model with constant parameters.  Conditions for such using are  determined to 

analyze a time series of observations with a variable real discount rate.

The model parameters are determined for the U.S. stock market (S&P 500 Index) based 

on  the  regression  analysis.  For  quarterly  data  from different  time  segments  within

1945–2019,  linear  regression  of  the  earnings-price  ratio  from  the  selected  inflation 

indicator gives a high level of determination over 70%, and the regression parameters are 

significant. Empirical testing of the model given a known future inflation rate allows for 

a strong correlation between the predicted and realized price returns over a decade, with 

the coefficient  of  determination  being  69%  (for  a  five-year  interval,  coefficient  of 

determination is 47%).
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Table 1

Values of regression coefficients E/V=a+bI

Interval a b R2% a(b=1)
1945–2004 0.028 0.939 71.8 0,025

1946–2005 0.027 0.945 72 0,025

1947–2006 0.027 0.952 72.2 0.025

1948–2007 0.026 0.957 71.8 0.025

1949–2008 0.026 0.955 71.2 0.025

1950–2009 0.027 0.942 70.4 0.024

1951–2010 0.027 0.940 70.1 0.024

1952–2011 0.027 0.943 70 0.024

1953–2012 0.026 0.942 70.5 0.024

1954–2013 0.025 0.954 73.4 0.024

1955–2014 0.024 0.967 75.3 0.023

1956–2015 0.024 0.973 75.8 0.023

1957–2016 0.023 0.989 77.1 0.023

1958–2017 0.021 1.017 80.1 0.022

1959–2018 0.020 1.041 82.5 0.022

1960–2019 0.019 1.054 83.6 0.021

Mean 0.025 0.969  – 0.024

Source: Authoring

Figure 1

The dynamics of indicators within 1945–2019 

Note. E is the average real earnings over the last 10 years, P is the index value in real terms, 
I is the average inflation over the last five years (right axis), d10 is the nominal yield on 10-year 
government bonds. 
Source: based on data http://www.econ.yale.edu/~shiller/data.htm 
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Figure 2

The relationship of E/P and inflation (mean for five years) within 1960–2019

Source: Authoring 

Figure 3

The dynamics of indicators within 1960–2019

Note. E is the average real earnings over the last 10 years, P is the index value in real terms, 
V is an estimate of the fundamental stock value, (E/P)mn is the mean of the ratio.

Source: Authoring 
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Figure 4

The current prices and estimate of the fundamental value, USD

Note. P is the index value in real terms, V is an estimate of the fundamental stock value, 
V(E/Pmn) is an estimate of the fundamental value based on the mean of the E/V ratio.

Source: Authoring

Figure 5

The relationship of the mean realized and predicted price returns (a 10-year interval)

Source: Authoring 
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Figure 6

The relationship of the mean realized and predicted price returns (a five-year interval)

Source: Authoring 
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