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Abstract
This thesis focuses on the equity premium puzzle, risk-free rate puzzle and possible
solutions of these two quantitative conundrums. Original formulation of both puzzles is
introduced and comprehensive literature survey is presented to show the developments
regarding this topic. These include risk-based explanations, non-risk based explanations
and behavioral finance perspective. Main contribution of this study dwells in estimation of
these two puzzles for the Czech Republic. Using consumption-based asset pricing model
with time separable preferences, presence of the two puzzles is estimated employing
annual Czech data from 1995 to 2011. The equity premium puzzle is not present in the
Czech Republic, as the coefficient of risk aversion   5.57 . On the other hand, the riskfree rate puzzle is as severe as in developed economies. Furthermore, the individual time
preference parameter  is estimated to be larger than one – a counterintuitive result
suggesting consumers prefer unit of consumption tomorrow to unit of consumption today.
Robustness of the results is confirmed when different proxy for a risk-free rate is used.
Results do not change significantly and the risk-free rate puzzle persists. Direction for
future research of the financial market puzzles in the Czech Republic is suggested.

Keywords
Equity premium puzzle, consumption based asset pricing, risk-free rate puzzle, risk
aversion, time separable preferences

Abstrakt

Tato diplomová práce se zabývá záhadou prémie vlastního kapitálu (equity premium
puzzle), záhadou bezrizikové výnosové míry (risk-free rate puzzle) a možnými
vysvětleními těchto dvou fenoménů. Nejprve jsou definovány původní formulace těchto
jevů, následovány komplexním přehledem publikované literatury na dané téma. Ta
zahrnuje vysvětlení za pomoci rizikové prémie, vysvětlení abstrahující od rizika a pohled
z perspektivy behaviorální ekonomie. Hlavní přínos této práce však spočívá v odhadu obou
„záhad“ pro Českou republiku. Tento odhad je proveden za použití oceňovacího modelu
aktiv založeného na spotřebě a za použití ročních českých dat z období 1995 – 2011.
Výsledky naznačují, že prémie vlastního kapitálu v České republice nepředstavuje záhadu
a koeficient averze k riziku je   5.57 . Bezriziková výnosová míra však záhadou je, a
navíc odhad koeficientu časové preference  přesáhl hodnotu jedna. To naznačuje, že
spotřebitel preferuje spotřebu v budoucnosti před spotřebou v současném období.
Robustnost výsledků je potvrzena za použití jiného instrumentu jakožto bezrizikové
výnosové míry. V závěru je navrhnut další možný směr zkoumání těchto jevů v České
republice.

Klíčová slova
Záhada prémie základního kapitálu, modely oceňování pomocí spotřeby, bezriziková
výnosová míra, koeficient averze k riziku
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Proposed Topic:
Equity Premium Puzzle – Literature Survey and Czech Data
Topic Characteristics:
Equity Premium Puzzle was first described by Mehra and Prescott in their influential article “The
Equity Premium: A Puzzle” in Journal of Monetary Economics, 1985. The topic relates to
empirically observed excess return of stocks over government bonds which are taken as proxy
for a risk free rate of return. The word “puzzle” is used due to implausibly high risk aversion
coefficient, which is needed to explain the observed difference. As the result of Mehra and
Prescott’s model doesn’t comply with reality, several authors then tried to reconcile this puzzle
with different modifications to assumptions, models and econometric techniques used. These
include time non-separability of utility function, habit formation of the representative agent,
models with heterogeneous agents, relaxing the assumptions of rational expectations or even
elements of behavioral finance.
I would like to elaborate this master thesis (as the title suggests) in two parts. In the first part I
want to describe the developments regarding the estimation of the so called equity premium
puzzle, discuss the shortcomings of the original model as well as the benefits and drawbacks of
suggested resolutions. In second part, I want to estimate the phenomena using Czech data,
using the original Mehra and Prescott model as a benchmark model to see whether the puzzle
is present. Then I would employ some of the adjusted models (such as Weil (1989) or
Constantinides (1990)) to see whether these suggested modifications help to resolve the puzzle
in the Czech dataset.
Hypotheses:
1. The Equity Premium Puzzle was not successfully explained yet.
2. Equity Premium Puzzle is present in the Czech data using original Mehra and Prescott
model
3. Equity Premium Puzzle is not present in the Czech data using time non-separable
utility function as e.g. in Weil (1989)
4. Difference in rates of return in Czech data is as large as in previously estimated studies
Methodology:
The thesis should have two parts – first rather theoretical and second empirical based on
econometrical estimation of a model using recent Czech data. Therefore the first part will be
based on synthesis of “historical” articles, analysis of the approaches used and critical
comparison. Evolution of the approach towards the puzzle will be shown as well as possible
resolution of the puzzle. It should also propose adequate models to be used in the second part
of the thesis.

Second part should employ two (or three) models from the first theoretical section and estimate
these using the longest possible Czech data. First, the consumption-based representative
agent model of the economy in sense of Mehra and Prescott (1985) will be introduced,
including the equilibrium conditions and inputs necessary for estimation of the equity premium.
Then the data for the Czech Republic will be described, assumptions of the model verified and
estimation conducted. As the model requires also unobservable variables as inputs (e.g.
investor’s time discount factor and risk aversion factor), calibration of the model will be
necessary using estimates from available research. Results of the model will be presented and
discussed as well as possible direction for future research.
Possible difficulty could arise from a rather short data series for the Czech Republic as
compared to original research which uses series as long as 90 years.
Outline:
1. Introduction
2. Survey of literature on equity premium puzzle
2.1 Equity Premium Puzzle
2.2 Riskfree Rate Puzzle
3. Survey of Possible Resolutions
3.1 Time non-Separability of Utility Function
3.2 Habit Formation
3.3 Agents’ Heterogeneity
3.4 Myopic Loss Aversion and Narrow Framing
4. Equity premium puzzle in Czech data
4.1 Data description
4.2 Basic model introduction
4.3 Results of the model
4.4 Adjusted model description
4.5 Results of the adjusted model
5. Conclusions
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Introduction

Asset pricing is one of the cornerstones of modern economics and understanding
the implications of various models is of crucial importance. When the entire class of
models fails to capture historical developments of financial markets over the past century,
it attracts the attention of the economic profession. This is exactly the case of the so called
equity premium puzzle, a phenomenon pointed out by Mehra and Prescott in 1979. Equity
premium refers to the return earned by a risky security (e.g. a stock index) in excess of that
earned by a relatively risk-free security (e.g. a T-bill). The fact that their article “The
Equity Premium: A Puzzle” was only published six years later demonstrates how hard it
was to argument against a paradigm which had much success when confronted with
macroeconomic data.
Not surprisingly, publication of their seminal paper resulted in more than 20 years
of continuous attempts to resolve the proposed conundrum from various points of view.
The quantitative anomaly has proven to be very robust with respect to economic models
used, considering different datasets and even different geographical regions. From this
perspective, the equity premium puzzle presents a worldwide phenomenon which even
after almost three decades of examining deserves our attention.
As vast majority of the available studies focuses on developed economies and data
from their financial markets, presence of the equity premium puzzle in datasets from
emerging economies is open area for further research. Certain progress in the field can be
already detected with studies focusing on e.g. India, Brazil or South Africa; however no
article with direct focus on equity premium puzzle in Czech data was published. Even
though the Czech Republic only became a free market economy during the early 1990s, or
maybe exactly because of that, it will be interesting to verify whether this worldwide
anomaly is present in such a young market as well.
In this study, the presence of the equity premium puzzle and the risk-free rate
puzzle in the Czech Republic is tested using consumption-based asset pricing model with
time separable preferences. The dataset used covers period from 1995 to 2011, the longest
available series of annual data, and includes two measures of risk-free rate as a robustness
check.
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The study proceeds in following manner: initially, the equity premium puzzle is
described together with the original research conducted by Mehra and Prescott. The
theoretical model used in this thesis is introduced, followed by results of the empirical
estimation which challenged the entire class of asset pricing models.
In the second section, the broad range of research that followed is summarized in a
literature survey. Three main groups of approaches to solving the equity premium puzzle
are presented. Risk-based explanations; non-risk-based explanations and approaches based
on behavioral finance respectively are discussed in more detail and the most innovative
views over the time are presented.
Third section focuses on application of the previously described theoretical
concepts to the environment of the Czech Republic. First, the dataset used for calculation
of the Czech equity premium is described and justified. Then, the theoretical model used
for estimation is derived in more detail. Last part presents the results of the estimation
exercises and discusses the implications for the Czech economic environment. In the end
the overall conclusion is given.
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1. The Equity Premium Puzzle

Almost 30 years ago Rajnish Mehra and Edward C. Prescott published an article
that started an intense discussion among economists and spurred a broad range of new
research. Mehra and Prescott (1985) challenged the economic profession with a
quantitative phenomenon they called the equity premium puzzle. By doing so, they
questioned integrity of a broadly used class of asset pricing models based on Lucas’ (1978)
pure exchange model, as shown below.
First chapter summarizes the findings of the original research by Mehra and
Prescott, followed by second puzzle discovered by Weil (1989) in an attempt to resolve the
equity premium puzzle. This section draws heavily on Mehra and Prescott (1985), but is
essential for further understanding of the following chapters.

1.1. Empirical Facts
Data used in the original study cover the period of 1889 – 1978, focusing solely on
the American financial market. For this data sample1, the real return on equity
(approximated by the Standard and Poor’s 500 index) averaged 6.98% per annum, while
the real return on a relatively riskless security (approximated by 90-day government
treasury bills) averaged only 0.80% per annum. Historical returns on American stocks have
therefore significantly outperformed the returns on (virtually riskless) American T-Bills.
For the period under consideration the equity risk premium averaged 6.18% p.a. The entire
sample statistics from the original paper including per capita consumption growth, equity
returns and risk-free security returns can be found in Appendix 1.
Aim of Mehra and Prescott’s study then consisted of testing a modified Lucas’
(1978) pure exchange model under Arrow-Debreu general equilibrium theory, against the
historically recorded values of real consumption growth, equity returns and riskless asset
returns.

1

For detailed description of data used see Mehra and Prescott (1985)
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1.2. Theory of Asset Pricing

It is important to mention the developments of the asset pricing theory in the times
of the original study. Asset pricing theory was for a long time dominated by the Capital
Asset Pricing Model (CAPM further on), which uses the equity premium as an input for
calculations and assumes that the investor’s consumption is correlated with stock market
returns (represented by a broad index). On the contrary, Lucas’ (1978) “representative”
agent model assumes a correlation between per capita consumption and investor’s
consumption stream The latter model is also known as the Consumption-based Capital
Asset Pricing Model (CCAPM further on), as it uses per capita consumption as a crucial
input.. Therefore the class of representative agent models enables one to pose questions
about the magnitude of equity premium – which is exactly what Mehra and Prescott did.
Another key to understanding the asset pricing is the concept behind determining
the ex ante prices. These (under the CCAPM model) are set so as to equalize the
incremental change in the utility of consumption, rather than consumption itself. This
stems from the fact that additional unit of consumption provides the representative agent
with different additional utility in times of high consumption (lower incremental utility)
than in times of low consumption (higher incremental utility). Therefore the higher the
covariance of an asset return and per capita consumption, the lower the price of the given
asset (as it pays off when times are good, in other words when consumption is high).
Intuitively, an asset that provides a smaller incremental utility sells for a lower price. Low
price in turn implies higher average return of the asset2.
Second point of view is the tendency of representative investor to smooth
consumption over time. Similar logic as in the previous case applies, but the assets that pay
off in state of high per capita consumption are thought to destabilize the (already high)
consumption and are therefore undesirable. Therefore they require a higher premium as an
incentive for investors to hold such assets. Exactly the contrary is valid for assets that pay
off when consumption is low – these assets smooth out consumption, which makes them
desirable. Thus the investor requires much smaller return in order to hold such asset.
Both concepts can be applied to the study of Mehra and Prescott (1985).

2

Example using the same logic and the CAPM model can be found in Mehra (2003), Mehra and Prescott
(2003, 2008b)
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1.3. Theoretical Model

As mentioned above, a modification of Lucas’ (1978) pure exchange model was
employed in the original study. Since per capita consumption was growing significantly
over the period under consideration, the following adjustment was made: instead of level
of consumption (as in Lucas’ model), the growth rate of consumption follows a Markov
process. This assumption, together with extension of the theoretical framework established
in Mehra (1988), allows the authors to incorporate the non-stationarity of consumption
series into the model.
Kocherlakota (1996) points out three basic conditions which have to be satisfied for
the model to fit within the so called Arrow-Debreu general equilibrium framework:
i.

Market participants have preferences which maximize the discounted
expected value of future utilities, where utility is a power function

ii.

Markets are complete – market participants can insure themselves against
possible unfavorable event

iii.

Markets are frictionless and rational – there are no trading costs, and taxes
are assumed to be insignificant

We can see that the following model of Mehra and Prescott (1985) satisfies all of the
conditions above, however suggested solutions in Section 2 need at least one of these
assumptions to be abandoned in order to provide a resolution for the equity premium
puzzle.
The following model is considered:

Consider a single representative infinitely lived household, which orders its preferences
over different consumption paths according to:



E0   tU  ct   ,
 t 0


0   1

(1)

where ct is per capita consumption, E0 
. is an expectations operator conditional on
information available at time zero (current time period) and parameter  is a time
discount factor and determines the elasticity of intertemporal substitution.  describes
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how impatient the representative household is, low value of the parameter implies strong
preference for consumption in current period rather than consumption in future.
The utility function is selected to be of a constant coefficient of relative risk aversion
(CRRA further on) class. It is an increasing, concave and continuously differentiable
function of a form:
U  c,   

c1
,
1

0   

(2)

where the parameter  quantifies the curvature of the utility function and determines the
risk aversion of the representative household. In case that   1 the utility function
reduces to a logarithmic function. Selecting such function has several advantages – it is
scale invariant and allows for aggregation which does not depend on starting allocation of
endowments. First property ensures that the equilibrium return process is stationary despite
increase in level of aggregate variables (e.g. capital stock) over time. However, CRRA
preferences have their flaws in form of close link between risk aversion and time
preferences of the representative agent. In particular, the elasticity of intertemporal
substitution is the inverse of the coefficient of relative risk aversion. This results in
representative agent’s preference of smoothing consumption between good and bad times,
but also over time. So in such setting agents perceive growth in consumption as
destabilizing.
It is further assumed, that only one productive unit exists with output yt which is
also the dividend for the given period, and one equity share with price pt exists, it is
competitively traded and represents a claim on the stochastic stream of income

 yt  . At

time t the representative agent faces the following decision problem: Is it desirable to
purchase additional unit of equity in the given time period and therefore reduce his current
utility in exchange for higher utility in the next time period when he sells the equity and
consumes the proceeds. In equilibrium, the loss in current utility has to be equal to the
expected gain in utility in the following period and can be formalized as follows:

ptU '  ct    Et  pt 1  yt 1 U '  ct 1 

(3)

where the left hand side represents the loss in utility in period t and the right hand side is
the discounted gain in utility in period t  1 .
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The equilibrium condition (3) is used to determine prices of both equity and riskless assets
in the two following first order conditions.
For equity3:


U ´ ct 1 

1   Et 
Re,t 1 


 U ´ ct 


(4)

pt 1  yt 1
pt

(5)

where Re,t 1 

And for riskless asset:
U ´ ct 1  


1   Et 
 R f ,t 1
 U ´ ct  



where R f ,t 1 

(6)

1
qt

(7)

and qt being the price of the riskless asset in period t .
Based on further model derivations in Mehra and Prescott (1985) and the above
defined asset pricing equations, the authors arrived to a model with two different sets of
parameters – three technology parameters and two parameters defining preferences  and

 . The technology parameters are all set so as to match sample properties of the U.S.
financial market data for the period under consideration (to be found in Appendix 1),
namely the growth rate of per capita consumption, standard deviation of the growth rate of
per capita consumption and the first-order autocorrelation of the growth rate of per capita
consumption. As these are given by statistics of the data sample, attention is turned to
values of the preference coefficients  and  .
These parameters are calibrated in accordance with the so called cross model
verification. This means, that “Not only must they (model parameters) be consistent with
the observations under consideration but they should not be grossly inconsistent with other
observations in growth theory, business-cycle theory, labor market behavior and so
3

Kocherlakota

(1996)

expresses

the

first

order




 c 

0  Et  t 1   Rte1  Rt f1  
ct 
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condition

in

terms

of

return

premium:

on.” (Mehra and Prescott, 2003, p.905). Number of different studies is mentioned in Mehra
and Prescott (1985, p.154) to justify their rather conservative selection of the parameter
values. Following restrictions on the preference parameters were selected:
0    10 and 0    1

Especially the restriction on coefficient  is important, as almost any result could be
achieved with large enough coefficient of risk aversion. Reasoning behind restrictions on
coefficient  is much more straightforward – no evidence suggests possibility of value
larger than one, as this would cause the representative agent to prefer future consumption
over consumption today.
Given the restrictions above, the authors conclude that “The largest premium
obtainable with the model is 0.35%, which is not close to the observed value.” (Mehra and
Prescott, 1985, p.156)

Different approach towards the original model can be found in Campbell (1998)
and Mehra and Prescott (2003). Both studies focus on possibility to explain the equity
premium as reward for bearing non-diversifiable risk associated with holding equity.
Using pricing equations (4) and (6), completeness of the market, assumption of increasing
utility function U  c  and employing general algebra, it can be shown, that:

 U ´ ct 1  , Re,t 1 

Et  Re,t 1   R f ,t 1  Covt 

 Et U ´ ct 1   



(8)

Then the equity premium then can be calculated as:

 U ´ ct 1  , Re,t 1 

E  Re,t 1   R f ,t 1  Covt 

E
U
´
c




t

1





(9)

From equation (9) it is clearly visible that the equity premium is dependent on covariance
of the equity return and the per capita consumption growth. As explained in section 1.2 the
higher the covariance, the more destabilizing equity returns are for representative agent’s
stream of utility and therefore should bear higher premium. Question then is, whether the
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covariance between these variables is high enough to justify the observed equity premium
of more than 6%.
Based on yet another set of assumptions which can be found in either Campbell
(1998) or Mehra and Prescott (2003), asset returns can be decomposed into formula
consisting of growth rate of consumption, coefficient of risk aversion and the variance of
the growth rate of consumption (more detailed decomposition to be found in Section 3.2).
For equity the formula takes form of:

1
ln Et Re,t 1   ln    x   2 x2   x2
2

(10)

where  x  E  ln x  ,  x2  Var  ln x  and ln x is the continuously compounded growth rate
of consumption.
For the risk free asset the formula is:

1
ln R f   ln    x   2 x2
2

(11)

and therefore the equity premium in logarithmic form can be written as:
ln E Re   ln R f   x2

(12)

According to equation (12), the equity premium is a product of the variance of the growth
rate of per capita consumption and the coefficient of risk aversion  . Data sample for the
American economy between years 1889 – 1978 reports a very small variation in growth
rate of per capita consumption (standard deviation  x  0.0357 , see Appendix 1).
Consequently the only way to justify the 6.18% equity premium under the above described
setting is to set coefficient of risk aversion extremely high4.
Both of the above mentioned approaches to the original Mehra and Prescott (1985)
model come to the same conclusion – under the Arrow-Debreu economy setting with
standard (CRRA) preferences, the equity premium can only be explained by unrealistically
high coefficient of risk aversion  . The latter approach also rejects the equity premium as
being a reward for bearing non-diversifiable risk. Already in their original study, the
4

Mehra and Prescott (2003) suggest values of α=48 and α=55 respectively as a solution for exercises
regarding equity premium puzzle and riskfree rate puzzle (as described in section 2.1.1)
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authors suggest possible directions which could be pursued to find a resolution to the
puzzle. These include non-time-additivity separable preferences, heterogeneous agents
economies and versions of incomplete markets resulting in non-Arrow-Debreu competitive
equilibrium. All these and more approaches are dealt with in the following section.
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2. Resolutions of the Equity Premium Puzzle – literature survey

Last 27 years have seen many attempts on resolving the above described equity
premium puzzle. Authors of the original article have revisited the topic many times, either
in reaction to suggested solutions [Mehra and Prescott (1988)] or summarizing the
developments after the publication of their seminal paper [Mehra and Prescott (2003,
2008a, 2008b)]. Another great literature surveys include Campbell (1998), Donaldson and
Mehra (2008) or Kocherlakota (1996). Following these excellent articles, this section
summarizes the proposed solutions to the equity premium puzzle in three categories: Risk
based explanations; Non-risk based explanations and explanations stemming from the
findings of behavioral finance.
To begin with, a completely different approach to explain the puzzle was chosen by
Dimson, Marsh and Staunton (2008). They question the estimate of the historical equity
premium from the data used by Mehra and Prescott (1985) and suggest using different
dataset for a sample of 17 countries. Using their own database (called the Dimson-MarshStaunton or DMS global database) for period of 1900-2005, they calculated equity
premiums over both bills and bonds in the 17 respective countries. Focusing rather on the
world than solely on the U.S. financial market, they were able to achieve quantitatively
smaller equity premium puzzle: compared to most widely cited estimate of 9.2%, Dimson,
Marsh and Staunton report an equivalent world equity premium of 6.1%. However, they
note that “… while the puzzle has become smaller than it once was, 6.1% remains a large
number.” (Dimson, Marsh and Staunton, 2008, p.489)
The above illustrates that the equity premium puzzle is a phenomenon robust to
different datasets both from the perspective of financial markets included in the sample and
the time period used for estimation (provided the time sample is long enough to cover
different business cycles). Same can be demonstrated using results from Mehra (2003) or
Mehra and Prescott (2008b)5. It then seems logical to seek an answer to the puzzle by
relaxing some of the key assumptions of the original Mehra and Prescott model, as
suggested in the following subchapters.

5

Using different data sources, time periods and financial markets (countries), the authors confirm the equity
premium of a magnitude similar to the values suggested by original research of Mehra and Prescott (1985).
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2.1. Risk Based Explanations of the Equity Premium Puzzle

As mentioned above, the equity premium puzzle is of a quantitative character – it is
not disputed that stock returns should carry a premium over (riskless) bill returns. The
problem arises from the numerical results of the original research, which are incompatible
with cross-model verification.
The following approaches try to justify the equity premium as a reward for bearing
systemic risk, while modifying the preferences of the representative individual.

2.1.1. Generalized Expected Utility

One of the undesirable features of the standard preferences employed in the original
Mehra and Prescott model is the fact that the coefficient of intertemporal substitution is
directly related to the coefficient of relative risk aversion. As there is no economic
fundamental behind this concept, one of the first attempts to resolve the puzzle was based
on separating the coefficients of intertemporal substitution and risk aversion. Most
significant contributions in this stream of literature are the studies by Epstein and Zin
(1989, 1991) and Weil (1989).
All of the articles above build on an idea of generalized time-additive expected
utility of Kreps and Porteus (1978). Epstein and Zin (1989) develop a class of recursive
preferences by extending the Kreps and Porteus formulation into an infinite horizon
framework. By doing so, they were able to establish an intertemporal consumption CAPM
model with separated intertemporal elasticity of substitution (IES further on) and
coefficient of relative risk aversion. This very technical work is then used in their
following study to show implications of the model for behavior of asset returns and
consumption. Epstein and Zin (1991) focus on testing the previously established
restrictions for real asset returns and real per capita consumption against empirical data
from the U.S. financial markets. The generalized utility function assumes the following
form:
1

 


U t  1    ct    EtU t1  



(13)

14

where 1    is the coefficient of relative risk aversion and

1
is the elasticity of
1 

intertemporal substitution. It is obvious from this definitions that the two are independent,
however standard isoelastic preferences can be easily achieved by setting    . Further
model derivations in Epstein and Zin (1989, 1991) show a use of both consumption growth
and market return for discounting asset’s payoff. In this way the model combines
properties of consumption CAPM and the classic CAPM.
Using monthly data from 1959 – 1978 to create several measures of consumption,
asset returns and instrumental variables, the authors came to the following general
conclusion. When estimated on real data, relative risk aversion was close to one and the
intertemporal elasticity of substitution was less than one. In this way the separability of the
two determining coefficients in utility preferences does not help to solve the equity
premium puzzle as stated in Mehra and Prescott (1985), the CRRA remains too low.

Even more relevant use of the utility specifications as defined in (13) with respect
towards the resolution of equity premium puzzle can be found in Weill (1989). He
challenges the Epstein and Zin model (despite different notation) with the exact same
setting as in Mehra and Prescott (1985) in order to establish whether the independent
coefficients of risk aversion and intertemporal substitution resolve the puzzle. Two
separate puzzles are described by Weil:
i.

Large equity premium can only be obtained with unreasonably high CRRA

ii.

Low risk-free rate can only be obtained using high IES

Under the utility function used in the original study, only one of the above can be achieved
as CRRA is the inverse of IES. Logically, separating these two coefficients could have a
significant impact on solving the puzzles.
Utility function from the Epstein and Zin family of models is defined in the following
form:
1

1  1 
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(14)

where Vt  U ct , EtVt 1  is the “representative consumer’s preference ordering over
uncertain consumption lotteries represented by sequence of functions defined
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recursively” (Weil, 1989, p.4),

1



measures the IES and  is the constant CRRA. For

special case of    the standard isoelastic preference structure is obtained with IES
being an inverse of the CRRA.
The author uses these preferences to examine the original Mehra and Prescott
setting under two scenarios: a theoretical formula is derived for case of independent
identically distributed (i.i.d. further on) growth rate of dividend payments; numerical
results are presented for a scenario of non-i.i.d. dividend growth. Using the assumption of
i.i.d. dividend growth, it can be shown6 that the equity premium in this case only depends
on the CRRA  and properties of the dividend growth. Following this result, it is clear that
under the i.i.d. dividend growth process, the equity premium puzzle cannot be solved by
merely adopting the Epstein-Zin preference structure. Unrealistically high CRRA would
still be necessary to reconcile the premium of 6.18%.
Weil (1989, p.11) points out second implication of his theoretical results for the
Epstein-Zin preferences: dependent on the exact formulation of output process in the
economy, increase in  (which is believed to be underestimated) while keeping  fixed
might result in a higher expected risk-free rate. This second puzzle, which can be
formulated as: “why is it, if consumers are so averse to consumption fluctuations, that the
riskfree rate is so low?” (Weil, 1989, p.11) has become known as the so called “Risk-free
rate puzzle”7.
Both theoretical predictions are then tested under the assumption of a non-i.i.d.
dividend growth process. The representative economy is calibrated to values from Mehra
and Prescott’s study and different combinations of IES and CRRA values are utilized to
estimate the equity premium and risk-free rate. Results can be found in Appendix 2 (Table
1 in Weil, 1989) and show that largest equity premium achieved reaches only 2.33%.
Furthermore, this maximum premium is associated with risk-free rate of 17.87%, extreme
value when compared to data sample average of 0.81%. It is then concluded that using the
Epstein-Zin utility framework rather than solving the original puzzle adds a risk-free rate
puzzle.

6

See Weil (1989, p.9-11) for details
Campbell (1996) identifies yet another anomaly in the data, high volatility of real stock returns compared to
volatility of short term real interest rate, called the “stock market volatility puzzle”. This, however, is beyond
the scope of this study.
7
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2.1.2. Habit Formation

Another approach to modifying preference structure of the representative agent was
pioneered by G.M. Constantinides. Under the framework of so called habit formation,
preferences of an individual are, in addition to current period consumption, dependent also
on past consumption. In its simplest form, such utility can be defined as:


E   t u  Ct   Ct 1 

(15)

t 0

where Ct 1 represents the agent’s consumption in previous period,  is a parameter which
determines the influence of past consumption on today’s utility. In this setting, the habit is
formed internally – it depends on agent’s own past consumption. Another property of the
equation (15) is that the habit is defined as a difference of the two consumptions. Different
variations of habit formation include external habit formation (Abel, 1990 or Campbell and
Cochrane, 1999) and definition of habit as a ratio rather than difference (Abel, 1990).
Donaldson and Mehra (2008) summarize the various approaches in the following chart:

Figure 1 – various approaches to habit formation, Donaldson and Mehra (2008, p.57)

Study by Constantinides (1990) can be regarded as a first attempt to resolve the
equity premium puzzle by utilizing habit formation in the representative agent’s preference
structure.

Internal Habit Formation

As mentioned above, Constantinides (1990) uses an internal habit formation
defined as a difference between representative agent’s current and past consumption. Such
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utility function incorporating internal habit formation in the form of a difference with oneperiod lag can be generalized in the following equation:

 c  ct  s 1 
U  c   Et   t  s

1
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1

s 0

,

 0

(16)

where  is the measure of risk aversion and  specifies the habit formation. If the habit is
sufficiently well proxied by a constant subsistence level (   1 ), then the period utility
function reduces to:

u  ct 

c  c 
 t

1

(17)

1

where c is the internally formed subsistence level dependent on individual’s past
consumption. With utility function defined this way, the coefficient of relative risk
aversion can be calculated as:
CRRA  

ct u


u 1  c
ct

(18)

Constantinides (1990) employed a continuous-time specification of the model and used
calibration to replicate the sample mean and variance of consumption growth in the dataset
of Mehra and Prescott (1985). In the given data, the subsistence level of consumption c
accounts for about 80% of agent’s consumption, in other words

c
 0.8 (Constantinides
ct

1990, Table 1, p.532). Using this result, we can see that the coefficient of relative risk
aversion then modifies to:
CRRA 


1

c
ct




1  0.8

 5

and the model is now able to facilitate high time-variable aversion to consumption risk
with relatively small risk aversion coefficient  . In relation to the puzzles defined above,
such approach still relies on extremely high aversion to consumption risk and therefore
cannot by itself solve the equity premium puzzle. On the other hand, “it can address the
risk-free rate puzzle since the induced aversion to consumption risk increases the demand
for bonds, thereby reducing the risk-free rate” (Mehra and Prescott, 2003, p.913).
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Constantinides (1990) already mentions several other promising approaches
regarding the solution of the puzzles. These include (among others) possibility of a disaster
state, heterogeneity of consumers, incomplete markets or uninsurable risks and will be
dealt with in following subchapters.

External Habit Formation

Under the class of models with the so called external habit formation, the
representative agent’s utility function is dependent on AVERAGE consumption PER
CAPITA, vis-à-vis the agent’s own past consumption under internal habit. One of the first
articles linking equity premium puzzle and external habit formation is Abel (1990).
Abel’s (1990) model is based on a utility function
1

 ct  j 




v 
j
j  t j 
U t    u  ct  j , vt  j    
1
j 0
j 0

(19)

where ct  j is agent’s own consumption in period t  j ,  is the coefficient of the relative
risk aversion and the preference parameter vt  j is defined as:

vt  ctD1Ct11D 



  0 and D  0

(20)

where Ct 1 is the aggregate consumption per capita in period t  1 . Furthermore, the habit
is defined as a ratio rather than difference. Theoretical modification between the two is
discussed in Campbell (2001) and will not be presented here.
Depending on the values of coefficients  and D , three different models8 are
distinguished and calibrated to test its fit to empirical data. Most interesting and innovative
is a model called “catching up with the Joneses”9, where   1 and D  0 . Results for all
three model specifications, using the same values for consumption growth as in Mehra and
Prescott (1985), can be found in Table I (Abel 1990, p.41). Most promising results are
achieved with the Relative consumption (Catching up with the Joneses) approach. With
8

Apart from the one described below, time separable utility is achieved with

 0

and internal habit

formation is achieved with D  1 ,   0 .
9
As representative agent cares about lagged aggregate consumption, he „tries to catch up“ to the certain
consumption level observed around him
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  0.99 and the coefficient of relative risk aversion set to   6 , this model results in an
equity premium of 463 basis points, while keeping the risk-free rate (approximated by
bills) at 2.07%.
Nevertheless, even this seemingly successful model has its flaws - Abel reports
unrealistically high variations in expected returns on both stocks and bills. Suggested
solutions then incorporate different values of coefficients  and D , which would
introduce both relative consumption and habit formation into a single model.

The Campbell and Cochrane Mechanism

Model that addresses the undesirable, above mentioned, high volatility of risk-free
rate was proposed by Campbell and Cochrane (1999). Using an external habit, their
approach introduces possibility of recession as a state variable, includes a time-varying
non-linear subsistence level and works with a constant risk-free rate. All these features aim
to replicate the behavior of empirical stock market data, among others the very small
variation in the risk-free rate.
In their model, the representative agent maximizes the following utility function:

 Ct  X t 
E 

1



t

1
(21)
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t 0

where X t is the level of habit and  is the subjective discount factor10. Further derivation
and specification of the model is then done using a Surplus consumption ratio:

St 

 Ct  X t 
Ct

Different is also the perception of risk premium: “Consumers do not fear stocks because of
the resulting risk to wealth or to consumption per se; they fear stocks primarily because
stocks are likely to do poorly in recessions, times of low surplus consumption ratios.”
(Campbell and Cochrane, 1999, p.240)
For the full specification and model description see Campbell and Cochrane (1999, p.208218).
10

Campbell and Cochrane (1999) use a different notation regarding the discount factor; here
to be consistent with the previous models in this text.
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is only used

The surplus consumption ratio process is then defined so that the agent’s risk
aversion is countercyclical. In other words, when the possibility of recession increases
(surplus consumption ratio becomes small), the risk aversion increases as well. This creates
demand for “safe” bonds, thus increasing their price and reducing the return on the riskless
bonds. Such mechanism helps to mitigate both the risk-free rate puzzle and reduce the
variation in risk-free rate. At the same time the higher risk aversion increases the equity
premium.
When the model is fed empirical data, it performs well with respect to both
consumption and stock market data. On a sample of postwar data (1947-1995) the model is
able to replicate high equity premium of 664 basis points, while keeping a very low riskfree rate. From this point of view, the Campbell-Cochrane mechanism is close to solving
the equity premium puzzle.
Despite the good performance of the model, Donaldson and Mehra (2008) find
several flaws of the mechanism. Setting of the consumption surplus sensitivity function is
rather arbitrary and lacks axiomatic definition (regardless of good results). Furthermore,
empirical evidence for the strong countercyclical variation in risk aversion of consumers is
missing and last but not least the effective coefficient of relative risk aversion varies
significantly (between 1 and 100). Therefore the work of Campbell and Cochrane cannot
be regarded as an almighty solution of the equity premium puzzle.

The following approaches to the solution of equity premium puzzle work with
relaxing the assumptions of perfect, complete and friction-less markets rather than changes
in the preference structures of the representative agent.

2.1.3. Disaster State and Survivorship Bias

In the previous sub-section, recession was incorporated as a possible state variable.
In an earlier work, Rietz (1988) proposes a very small probability of an economic disaster
(causing an extreme decrease in consumption) as a possible solution to the postulated
puzzles. Rare presence of such “disaster state” is the only alteration made to the original
Mehra and Prescott (1985) model.
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Instead of two- or four-state specifications of Mehra and Prescott (1985), where
consumption growth process is always symmetric about its mean, Rietz (1988) uses a
three-state specification of the consumption growth. Such setting includes good times
(consumption growth moderately above zero), poor times (consumption growth moderately
below zero) and rare bad times (or crashes, disaster states etc.), when consumption
decreases dramatically. In the case of a disaster state, equity provides returns far below
average and therefore the representative agent requires a higher rate of return for equity in
general – to compensate for these unlikely but possible vast drops. This mechanism is,
according to Rietz, all that is needed to remedy the puzzle of Mehra and Prescott.
To show this, three scenarios are presented, under which the consumption falls by
25 %, 50 % and as much as 98 %. For the most “realistic” scenario of a 25% decline in
consumption, 1% probability of a stock market crash is needed to reconcile the model with
empirical data. This is a main argument of Mehra and Prescott’s (1988) responding article,
which claims the proposed drops in consumption unrealistic. They claim the largest annual
consumption decrease in last century to be only 8.8 % and only three other drops larger
than 5 % have occurred over that period. Furthermore, Mehra and Prescott identify two
critical events in American history, namely World War II and the Cuban Missile Crisis and
examine behavior of real interest rates around these events. Their findings contradict the
paradigm of Rietz and therefore Mehra and Prescott (1988) suggest incorporating
monetary factors into the theory, rather than focusing on rare disastrous events.

Barro (2006) revisits the approach of Rietz and focuses on a generalized approach
with more space for calibration of the model. Main innovation stems from a different
definition of the aggregate output growth process (which, in a Lucas economy, is
equivalent to consumption growth process). Barro (2006) specifies the log output process
as:
log  At 1   log  At     ut 1  vt 1

(22)

where At is the output in period t,  is the mean output growth, ut 1 is i.i.d. normal with
mean 0 and variance  2 (diffusive shocks similar to Mehra and Prescott) and the random
term vt 1 captures the rare disaster events. These disaster events happen with probability
p and cause the output to contract by fraction b . Probability p is expected to be small,

while the fraction b is expected to be large. As the disaster events can only justify
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behavior of stocks, probability of default on bills q is defined. Default on bills only
happens if the v type shock occurs. In such case, the gross return on bills is reduced by
fraction d .
Another important contribution of Barro’s article is his quantification of disaster
events in the twentieth century. Every decrease of output larger than 15 % is considered as
a “disaster” (arbitrarily decided by the author). In a sample of 35 countries over the period
of 100 years, he identifies 60 such events, including both World Wars and the Great
Depression. The respective declines in the periods in question range from 15 % to 64 %11
with negatively skewed distribution. Based on the data, the probability of a disaster event
is p  0.017 , i.e. 1.7 % each year and the mean contraction of output caused by such event
is b  0.29 , i.e. 29% decline in output over the period of disaster. These numbers support
Rietz’s (1988) hypothesis of a 1% probability of a 25% decline in output. Barro (2006)
then calibrates the model using the values above and achieves reasonable results with a
coefficient of relative risk aversion equal to 4.
Even better results are attained after introduction of leverage into the model. With
the debt-equity ratio   0.5 , ceteris paribus, equity premium rises to 5.4%. For complete
results and theoretical incorporation of debt-equity ratio into the model, reader is directed
to Barro (2006). Critique of the model has two main arguments: Donaldson and Mehra
(2008) point out, that the two types of rare events (disaster with probability p , and default
with probability q ) are assumed to be independent, which seems to be rather unrealistic.
Also, as mentioned above, the observations of GDP decline are not recorded with an
annual frequency. Therefore these should not be used to explain annually measured equity
premium as the calibrations should be done at the same frequency as the observations.
Barro returns to the topic of disaster events in his article from 2009, this time using
Epstein-Zin preferences (described in Section 2.1.1.). However, the main aim of the article
is to address welfare costs of the disasters on the representative agent economy and to
comply with a broader range of asset-pricing “facts”. Regarding the solution of the equity
premium puzzle, Barro (2009) does not deliver anything new compared to the previously
described article. Same is the case of Gabaix (2008), who introduced time-variability of the
rare disasters to the framework of Rietz and Barro. More financial market “facts” are
claimed to be explained by Gabaix’s (2008) model, but the author himself admits that for
11

Barro (2006) doesn’t specify annual declines in output, rather he focuses on compounded decline over a
given period.
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the equity premium puzzle and risk-free rate puzzle his paper imports from previous
works. This recent attention paid to models with disaster events only strengthens their
position of being close to unification of macroeconomics and finance.
Different approach is explored by Brown et. al (1995), focusing on so called
survivorship bias. They propose a hypothesis, that all data samples, especially the long
horizon ones, are subject to survivorship bias - “… the most pervasive ex post conditioning
in empirical Finance: the survival of the return history…” (Brown et. al. 1995, p.1). In
other words, only stock markets that were able to navigate through different financial
crises without discontinuity in return data are included in long-term studies. Therefore the
expected returns on financial assets will be biased, with authors showing that the bias is an
increasing function of the volatility of returns. As emerging markets typically exhibit
larger volatility of returns (and higher probability of market failure), larger equity premium
should be present as well12. Their article further concentrates on topics such as earnings
announcements, stock splits and long-term autocorrelations in data. Since these do not
directly relate to solution of equity premium puzzle, I direct reader to the respective article.
Donaldson and Mehra (2008) call attention to the fact that survivorship bias should affect
returns on both stocks and risk-free assets and thus the equity premium should remain
unaffected. They support their argument with several examples of crashes in both stock
markets and defaults on risk-free bonds.

2.1.4. Idiosyncratic and Uninsurable Income Risk

Deviations from the assumption of a complete and frictionless setting can help in
explaining away the puzzles as well. Risk related examples of such relaxation of
completeness are works of Telmer (1993), Lucas (1994) or Constantinides and Duffie
(1996). All of these articles employ versions of heterogeneous-consumer models in
contrast with homogeneous-consumer models in previous sections.
Lucas (1994) and Telmer (1993) relax the assumption of a complete insurance
market and introduce uninsurable consumption risk of the consumer, which only has a
temporary effect. They calibrate their models (including constraints on short-selling or
borrowing respectively) to find the following. With the possibility to trade in one
12

The Czech Republic can still be considered an emerging market, according to Brown et. al. (1995) we
should see a significant equity premium in Section 3.
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frictionless market, agents smooth their consumption and results become very similar to
situation in complete market. Thus the models with transient income shocks have little
success in explaining the quantitative puzzles.
Constantinides and Duffie (1996) define the possible uninsurable income shocks as
being permanent and further define the economy to have a “no-trade” equilibrium. In other
words consumers do not have the option to trade among each other. Such income shock
events can include for example loss of employment or divorce, permanently reducing
consumer’s income. Their work provides a theoretical framework without numerical
estimation on empirical data. Under the Constantinides and Duffie setting, the possibility
of negative income loss becomes larger in recessions and consumers require higher returns
to purchase pro-cyclical assets like stocks. This is not true for consumption per capita,
which is only poorly correlated with stocks returns. The model is theoretically able to
replicate this behavior, as well as behavior of consumption data. Empirical estimation
using a model of this kind is presented by Brav, Consatntinides and Geczy (2002), who
estimate the implications of income risk towards pricing of assets. Using data on
consumption of American households, they were able to reconcile the observed equity
premium with coefficient of relative risk aversion between 2 and 4 when individual
households’ consumption process is used (incomplete markets), and CRRA close to 10
when per capita consumption process is used (complete markets). Stating these results,
authors support their hypothesis of incomplete markets, namely the incomplete
consumption insurance.
Further extension of the Constantinides and Duffie (1996) work is model of Krebs
(2000), who introduces a “personal-disaster process”. Such rare events are characterized as
very large drops in personal income and consumption and are associated with a very small
probability of occurrence. This approach resembles Rietz’s incorporation of disaster
events, but this time from a microeconomical point of view. Krebs (2000) argues that
unlike large macroeconomical catastrophes of required annual magnitude, which have not
been observed, events similar to personal bankruptcy are plausible. Theoretical model is
then used for a numerical example to show effects of the near-bankruptcy events on asset
pricing. The author discovers significant impact of tail events on the distribution of
consumption growth and suggests inclusion of higher moments into the model. Then he
provides a numerical example to demonstrate these effects. Despite success in developing
a promising theoretical model, confrontation with empirical data is missing. Further
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shortcoming stems from inclusion of permanent income shocks only which are
counterfactual as consumers face transient decreases of income as well. Author also
suggests incorporating more complex preference structures13 into the model. Implications
of such model on welfare estimation are then assessed in Krebs (2004).

2.2. Non-risk Based Explanations of the Equity Premium Puzzle

Models in Section 2.1 assumed that the equity premium is due to a risk premium the
representative agent requires to purchase a risky asset. In the following part, non-risk based
models are examined in attempt to solve the equity premium puzzle postulated in
Section 1. All of the solutions proposed below relax one or more assumptions associated
with perfect, complete and frictionless markets, no transaction costs and taxes, and rational
agents. This section closely follows structure from Mehra and Prescott (2003, Section 4).

2.2.1. Transaction Costs and Borrowing Constraints

So far the agents were able to trade costlessly in at least one asset market.
Introducing transaction costs for trading stocks and bonds, together with borrowing and
short-sales constraints offers properties needed for explanation of the equity premium
puzzle and risk-free rate puzzle. General idea of such models is to induce a precautionary
demand for bonds in order to smooth consumption, which reduces the risk-free interest rate
Good overview of different approaches to modeling of these market frictions is provided in
Heaton and Lucas (1995).
Aiyargari and Gertler (1991) introduce an infinite horizon model with idiosyncratic
income shocks, borrowing restrictions and transaction costs for trading stocks (while bonds
are traded freely). Under their setting, agents smooth the incurred shocks in the low-cost
bond market, but the supply of government bonds would have to be unrealistically low to
advocate lower risk-free rate and equity premium of 3 %. Furthermore, their model
predicts a ratio of liquid assets to income too low compared with empirical data.
13

Krebs (2000) uses very simple CRRA preferences as in Mehra and Prescott (1985)
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Heaton and Lucas (1996) develop a two-agent model with infinite14 time horizon
incorporating transaction costs in both stocks and bonds markets, borrowing and shortselling constraints and both aggregate and idiosyncratic income shocks. Authors stress that
the results are highly dependent on the structure of asset markets and magnitude of
assumed trading frictions. Several specifications of the two-agent model are calibrated to
assess the possible explanations of the two puzzles. Even though authors use completely
different dataset and even substitute dividends and labor income for consumption, the
model results in implausibly high equity premium under complete markets setting. Heaton
and Lucas (1996) conclude that only models with high transaction costs in both markets or
severe borrowing constraints can resolve the puzzles. With transaction costs only, the
equity premium is a result of two effects – the “direct effect” and the “indirect effect”.
Direct effect of transaction costs influences securities’ gross rates of return and is able to
generate substantial equity premium when transaction costs in bond market are
asymmetric. Transaction costs discourage use of asset markets in general thus increasing
the volatility of consumption, which indirectly increases the equity premium. However,
without strict borrowing constraints, transaction costs higher than 10% are necessary to
justify the observed equity premium. As costs of only 5-6 % can be considered reasonable,
the need for restrictions on borrowing becomes obvious. When no borrowing is allowed in
the model, equity premium rises from 3 % to 4 %, all else held constant, showing that strict
constraints for borrowing have a significant effect on pricing of assets. Authors also realize
that their model is very sensitive to the supply of tradable securities, which was already
stressed by Aiyargari and Gertler (1991).
Kocherlakota (1996) further argues that any infinitely lived individual (both models
above) can simply smooth his consumption by trading the asset associated with smaller
costs. To avoid such limitation, more recent approach employs a version of a three-period
overlapping generations model (OLG) as in Constantinides, Donaldson and Mehra (2002).
In this model, representative agent lives for three periods and maximizes utility:
 2 i ct1,i   1
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where t is the information set available to representative agent in period t ,  is the
coefficient of relative risk aversion and 0    1 is the subjective discount factor. In the
14

Authors use a Monte Carlo simulation for 1000 years, which can be assumed as equivalent to infinite time
horizon.
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three periods, consumers receive the following income: deterministic (relatively low) wage
income w0  0 when they are “young”, stochastic (subject to uncertainty) wage income
wt11  0 when they are “middle-aged” and zero wage income when “old”. Agents purchase

the only two available securities (bonds and stocks) when young, adjust their holdings
when middle-aged and consume the entire portfolio when old (no bequests allowed).
Consumers are further prohibited from trading claims against their future income with
consumers of another generation and they are prohibited from trading assets with members
of an unborn generation. Under these general settings, authors derive equilibria in two
versions of the model – a “borrowing-constrained” version and “borrowing-unconstrained”
version.
Pricing of stocks, as described in previous sections, is highly dependent on the
correlation between consumption and equity income. In the OLG model of Constantinides
et al. (2002), this correlation is time-varying – it changes each period. While for young
consumers stocks are a desirable asset (they exhibit low correlation of equity income and
consumption) acting as a hedge against idiosyncratic shocks in next period’s labor income,
for middle-aged consumers the correlation is high and equity becomes undesirable
(variation in old consumers consumption is determined by fluctuations in equity income).
In the unconstrained model, young consumers will invest in equity via borrowing thus
increasing the yield of bonds (risk-free rate). Higher risk-free rate in turn encourages the
middle-age generation to reduce equity holdings in favor of bonds. These opposing effects,
when faced with empirical data, result in increase of both bond and stock returns, while
decreasing the equity premium. However, the risk-free rate puzzle remains as demand for
bonds decreases.
Under the constrained model, young generation is restricted from borrowing and as
a result also from the desired investment in equity. The young are assumed to have low
income and are prevented from borrowing because of a lack of collateral, which is required
to limit moral hazard and adverse selection. In this scenario, the asset pricing is solely
determined by a marginal investor – the middle-aged generation. As mentioned above, for
the middle generation equity income is highly correlated with consumption and therefore
high return is required for the marginal investor to purchase stocks. This results in higher
equity premium produced by the constrained model. Authors effectively introduce life
cycle property into the model and asset pricing is dependent on the investor’s stage in the
life cycle.
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Further extension of Constantinides et. al. (2002), proposing habit formation in the
utility function of medium-stage agents is developed by DaSilva, Farka and Giannikos
(2011). Setup of the model remains the same as in the previously described model, with the
exception of the utility specification for middle-aged and old consumers. Compared to
equation (23), the maximized utility becomes:
1
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where i is the level of habit formation,  is the subjective discount factor  0    1 ,

 is the risk aversion parameter   0,   1 and I t is the information set available at
time t . Agents only form habit in the second and third stage of their life cycle (i.e. 0  0 )
and the strength of habit is different for middle and old generation. Such time-varying
habit is more realistic construct.
Introduction of the internal habit motivates the middle aged agent to postpone
consumption and also increases the risk aversion of the marginal investor. Authors sum up
their results: “In general, introducing internal habit formation in the model of
Constantinides et al. (2002) increases the level of savings by the middle-aged, decreases
the return on the consol bond, and increases the equity premium over the consol.” (DaSilva
et al., 2011, p.715). All these results work in favor of explaining both the equity premium
puzzle and the risk-free rate puzzle – satisfying results are attained with risk aversion
parameter   2 . Authors achieve similar results with external habit specification. Best
outcomes are accomplished with decrease in the level of habit ( 1  2 ), however no
literature supporting such development in magnitude of the habit exists.

2.2.2. Liquidity Premium

Bansal and Coleman (1996) focus on a different property of financial assets. In
their model, they assume three ways of purchasing consumption goods: paying by cash,
checks and credit. They examine so called “transaction service return” of these assets, in
other words whether these can be used to facilitate transactions. Authors argue that “if both
cash and checks can be used for transactions, the transaction service return of fiat money
relative to interest-bearing checkable deposits should equal, at the margin, the nominal
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interest paid on these deposits.” (Bansal and Coleman, 1996, p.1136). The monetary model
applied in their work implies that securities that back checkable deposits (such as shortterm government bonds) carry the above mentioned transaction service return, in addition
to the nominal return. In comparison, equities do not provide any transaction service
return. This is the basic argument for possible solution of the equity premium puzzle and
risk-free rate puzzle.
When the model is fed empirical data, it is confirmed that other monetary
instruments then cash are associated with transaction service return. Hypothesis under
which only cash is used to facilitate transactions is strongly rejected. Calibration of the
model to empirical data then results in equity premium of 2.42 % and risk-free rate of
4.27 %15 Authors then let parameter  (determinant of the transaction cost function) vary
and estimate the model with all other parameters held constant. With   2 ,16 the model
yields results very close to the data: equity carries a premium of 5.25 % over the risk-free
rate, which is estimated to be 1.46 %. Despite this achievement in explaining the two
puzzles in focus, the model of Bansal and Coleman (1996) had little success in matching
other properties of the data. Behavior of the velocity of money couldn’t be matched, as
well as correlations between velocity and interest rates. Mehra and Prescott (2003) further
argue, that majority of government T-bills are held by institutions and realistically have
very little or zero transaction service component. They also point out that the model
implies large yield differential between short term bills and long term government bonds,
which has not been observed.

2.2.3. Taxes and Regulation

No equity premium puzzle exists in the American postwar data, when changes in
regulatory framework and tax rates are considered. That is the main argument of
McGrattan and Prescott (2000, 2001, 2003). In McGrattan and Prescott (2000), authors
develop an accounting based growth model of the economy incorporating three different
taxes: tax rate on dividend income, corporate income tax and personal income tax. This
model is then used to justify a rapid growth in corporate equity value compared to gross
15

In Table 3, Bansal and Coleman (1996, p.1156) only report nominal returns and inflation, the risk-free rate
I mention is taken as: Risk-free rate = (Nominal interest rate – Inflation rate)
16
Such hypothesis couldn’t be rejected by the authors
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national product of the United States. Main rationale behind the increase are changes in the
aforementioned taxes (especially dividend income tax) and modifications of the regulatory
framework related to equity holdings in pension funds and retirement accounts.
Further implications for asset returns and the equity premium puzzle are quantified
in McGrattan and Prescott (2001, 2003). They identify the decline in dividend income tax
as quantitatively most important factor for increase in value of equity. Marginal dividend
income tax decreased from 44 % in 1955 – 1962 period to 18 % in 1987 - 2000 period17.
The following graph illustrates this decline in postwar period:

Figure 2 – Average Marginal Tax Rate on U.S. Dividend Income, 1913-99, taken from McGrattan and Prescott
(2003)

Second important factor is the change in regulatory framework: almost no equities were
held in pension funds and retirement accounts until the passage of Employment Retirement
Income Security Act in 1974. Further relaxations of the regulation followed and induced
more investment in corporate equity, increasing its price and capital gains. According to
the authors’ calculations, these tax law and regulatory changes are sufficient to explain the
equity premium puzzle postulated by Mehra and Prescott.
Mehra and Prescott (2008) analyze two factors regarding the values of risk-free
rate. First they focus on a proper measure of the risk-free rate, claiming that the returns on
90 day T-bills is not an appropriate approximation, as the consumers do not use treasuries
to smooth their consumption. Secondly, role of government regulation is examined. More
concretely, regulations X and W are given as examples, which were designed to keep

17

McGrattan and Prescott (2001) choose these two periods for comparison, because the tax system was
stable within the given time periods. Furthermore, capital output ratio remained constant between the periods,
as well as other measures relative to GDP.
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nominal rates under 2.5%. As a result, the returns on bonds and bills are biased
downwards. This can be seen from the following table:

Table 1 – U.S. Inflation Adjusted Average Return on Debt, from Mehra and Prescott (2008)

Exclusion of the years under regulation from the data sample helps to increase the risk-free
rate and therefore mitigate the risk-free rate puzzle and the equity premium puzzle.

2.3 Behavioral Finance – Latest Solutions to the Equity Premium Puzzle

Different approach to solving the puzzles originates from behavioral finance,
relaxing the assumption of rationally behaved agents. Both methods described below build
on an alternative model for decision making under risk, so called prospect theory of
Kahneman and Tversky (1979). Prospect theory is an alternative to expected utility theory,
which identifies gains and losses as carriers of value, rather than final level of assets.
Authors further postulate that “The aggravation that one experiences in losing a sum of
money appears to be greater than the pleasure associated with gaining the same amount.”
(Kahneman and Tversky, 1979, p.279). Value function is defined, with its main attributes
being concavity for gains, convexity for losses and the function being steeper for losses
than for gains.
Already the proposed solutions incorporating habit formation and relative
consumption effects (Section 2.1.2) can be regarded as part of behavioral finance, but this
section focuses on more novel methods from the field. These include, among others,
happiness maintenance (Falato, 2003), pessimism and doubt in agents’ beliefs (Giordano
and Soederlind, 2006) and the two approaches described below – loss aversion and
disappointment aversion.
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2.3.1. Myopic Loss Aversion and Narrow Framing

One of the first attempts to explain the equity premium puzzle using modification
of the prospect theory can be attributed to Benartzi and Thaler (1995). Utilizing two
aspects of behavioral finance, loss aversion and mental accounting, they investigate
whether the observed equity premium is justified using previously estimated coefficients
for the prospect theory’s value function. Under such setting, utility function is defined over
returns (rather than consumption) compared to a reference point and agents evaluate their
investment strategy in rather short intervals (myopia). Myopia relates to the fact, that
despite longer investment horizon, e.g. 30-year long pension plan, agents evaluate
performance of their portfolio annually or even quarterly and therefore might prefer bonds.
For all 25-year long periods since 1942, stocks have always outperformed bonds despite
many years in which bonds did better than stocks on annual basis. Due to myopia, agents
may ignore this fact and prefer bonds with their smaller return volatility not just due to the
loss aversion effect.
Value function in Benartzi and Thaler (1995) has the form of:
v  x 

x
   x 

if x  0


(25)

if x  0

where x is the gain or loss on financial assets over the evaluation period and   2.25 is
the coefficient for loss aversion, which determines that losses have larger impact on value
of a prospect than gains. Authors then evaluate a frequency of portfolio evaluation, which
would induce the agents to be indifferent between all-bond and all-stock portfolio. Using
monthly data sample from 1926 to 1990 and subsequently 100 000 simulations, they
compare nominal and real returns for stocks, bonds and t-bills under different holding
periods. Results are quite robust to both real and nominal specification and annual
evaluation period seems the most plausible. Furthermore, the results are valid for
individuals as well as institutional investors (due to agency problems).
Topic of loss aversion as a plausible explanation of equity premium puzzle is
examined in Barberis, Huang and Santos (2001). Building on the prospect theory of
Kahneman and Tversky (1979) and the work of Benartzi and Thaler (1995), authors add a
dynamic feature of the reference point to the explanation of the puzzles. In other words,
risk and loss aversion of the consumers is affected by prior outcomes of their investment in
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stocks (so called “house money” effect). While in the model of Benartzi and Thaler (1995)
agents get utility only from gains on financial assets, Barberis et al. define more realistic
model with three assets. Under their model, the agents distribute their wealth between
consumption, risk-free financial assets and risky financial assets in every period. Agents in
the economy then maximize:
   C1

E    t t  bt  t 1v  X t 1 , St , zt   

 t 0  1  

(26)

where the first term of the preference structure is a standard utility of consumption, while
the second term is value attributed to financial wealth. More concretely, X t 1 is the gain or
loss on financial assets18, St is the value of risky financial assets at time t , and zt is a state
variable measuring investor’s prior gains and losses on financial assets. Parameter bt is a
scaling factor. Detailed description of the functional form can be found in Barberis et al.
(2001, p.6-25).
Authors then estimate returns on risky assets based on data from 1926 to 1995 and
then run simulations of their model to see the magnitude of equity excess return it is able to
generate. Two versions of the economy are examined; one where consumption and
dividend processes are identical, and second where these processes are distinct. Much
better results are achieved with the latter specification. Sensitivity analysis is then
conducted in the economy with distinct processes to indentify effects of individual
parameters in the preference structure. Intuitively, the higher is the loss aversion
coefficient, the higher the equity premium. Same holds for the parameter bt , which
determines how much the investor’s utility is affected by performance of his financial
assets. Other influential parameters include length of evaluation period and parameters
governing state variable zt . Satisfactory results regarding equity premium, volatility of
stock returns and correlation of stocks and consumption growth are obtained with realistic
values of all parameters. The most preferred calibration produces equity premium of 5.02%
compared to riskless bonds.
A “stripped down” version of the above model is tested in Barberis and Huang
(2008). Their model omits the variation in reference level, namely the variable zt , but still
is successful in explaining the equity premium. Using a so called recursive utility
18

Defined as the difference between return on risky asset minus the return on risk-free asset
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specification, excess return on equity of almost 4% is achieved using parameter values
consistent with empirically observed attitudes to both large scale and small scale monetary
gambles. However, this simplified model does not aim to match also higher moments of
the data.
All models described above exhibit another common feature – narrow framing.
Narrow framing is a behavioral concept suggesting that agents evaluate new gamble
separately from other risk. In the framework of models above, the consumers get utility
directly from movements in the stock market, rather than from their overall wealth level.
Moreover, in Benartzi and Thaler (1995) stock market is the only source utility for the
consumers. As the agents frame narrowly, they overestimate the impact of risk associated
with stock market volatility on their total wealth and therefore require high equity
premium. Concept of narrow framing is valid also for the next section, the disappointment
aversion models.

2.3.2. Disappointment Aversion

Notion of disappointment aversion was first incorporated into model of preferences
over lotteries by Gul (1991). In his axiomatic definition of disappointment aversion theory,
agents preferences are defined over prizes compared to their respective certainty
equivalents. Prizes that are preferred to the certainty equivalent are called “elation prizes”
and prizes that are less preferred to the certainty equivalent are called “disappointment
prizes”. Agents are said to be disappointment averse, if they exhibit stronger weighting on
the “disappointment prizes”. Disappointment averse preferences are then shown to be
consistent with empirically observed violations of expected utility theory, such as the
Allais Paradox.
While Gul (1991) provides an axiomatic definition of an alternative to expected
utility theory, Ang, Bekaert and Liu (2000) use the provided framework to assess both
static and dynamic portfolio choice of American investors. As a side product, effect of the
disappointment aversion on equity premium puzzle is revealed. Authors pinpoint the main
advantage of disappointment aversion over loss aversion to be the endogenously
determined reference point – namely the certainty equivalent. The maximized utility
function is defined as:
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(27)

where U . is a standard CRRA power utility function, F . is the cumulative distribution
function of wealth and A  1 is the coefficient of disappointment aversion. Parameter K is
then equal to: K  Pr W  W   A Pr W  W  . For A  1 standard CRRA preferences
are obtained, and for A  0 aversion to losses is introduced (consumer cares only about
losses, but does not derive utility from gains as A approaches zero).
The utility function (27) is then employed in an asset allocation model and
compared to a CRRA utility in static and dynamic case. In empirical data, investors’
portfolios contain (only) around 60% of stocks, despite their dominant performance in the
long run. Ang et. al. (2000) investigate which values of coefficients could yield a portfolio
with about 60% of stocks. Assuming a risk aversion coefficient 19   2 , generally
accepted as a plausible value, results in allocation of over 90% into stocks for a typical
investor maximizing expected utility. For mildly disappointment averse investor with
A  0.85 , this proportion decreases to desired 60%. Authors then test whether the

previously estimated coefficients are able to produce the equity premium observed in the
data. Relative risk aversion coefficient between 6 and 7 are compatible with the observed
equity premium under expected utility framework, while   2 is still compatible with the
data under stronger disappointment aversion ( A slightly below 0.5).
Ang et. al. (2000) showed that disappointment aversion preferences can produce
asset allocation and equity premium similar to the empirically observed values. However
Routledge and Zin (2004) provide a more flexible extension of the disappointment
aversion framework. In their preference structure, “outcomes are disappointing only if they
lie sufficiently far below the certainty equivalent” (Routledge and Zin, 2004, p.5). In
general, it is a one parameter extension of Gul’s (1991) framework, which shifts the
disappointment cut-off point. Agents’ then try to maximize utility in a form:
1
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1
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The utility function in (27) has the form: U W  

W (1 )
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(28)

where  is the marginal rate of time preference,

1
is the elasticity of intertemporal
1 

substitution and the certainty equivalent of future utility t is defined as:
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where coefficient  determines the disappointment threshold and coefficient  establishes
how severe the penalty is on outcomes lying below the disappointment cut-off point.
Choice of these parameters can result in expected utility (   0 ), Gul’s (1991)
disappointment aversion (   1 ), but for estimation of their model authors employ values
of   9 and   0.9692 .
When the model of Routledge and Zin (2004) is confronted with empirical data, it
reveals several desirable properties. First it is able to produce a counter-cyclical effective
risk aversion, property necessary for a successful asset pricing model. Furthermore, the
model generates asset prices similar to observed market data, including a sufficiently high
equity premium (4.3 % to 8.1 %, depending on assumed volatility of dividends) and a
relatively low risk-free rate (1.74 %). Nevertheless, the model has some shortcomings as
well. For one, the model assumes that all endowments are produced by a single factor only,
which is an example of the above mentioned narrow framing. Authors also mention that
heterogeneity of agents should be introduced into the model to ensure more resemblance
with reality.
Fielding and Stracca (2003) directly compare the performance of myopic loss
aversion and disappointment aversion models as specified by Benartzi and Thaler (1995)
and Ang et. al. (2000) respectively. Authors pose the following question: “The key
question here is what form of departure from standard preferences is more plausible to
describe financial investment behaviour and thereby to be a good explanation of the
historical equity premium.” (Fielding and Stracca, 2003, p.21). Main focus is on different
time horizons compatible with the observed equity premium, using the aforementioned
methods. Data from 1881 to 2001 are used to determine that while myopic loss aversion is
a plausible explanation only at short horizons; disappointment aversion performs well at
both short and long horizons. Fielding and Stracca (2003) interpret it so as that stocks
(based on historical performance) can lose only in short run, they can disappoint also in the
long run (due to high expectations). Authors’ final conclusion is that both theories could
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constitute an explanation of the equity premium puzzle in conjunction – myopic loss
aversion at short horizons and disappointment aversion at longer horizons.
Another extension of a behavioral model is due to Gurtler and Hartmann (2007).
Dividend smoothing is added to a disappointment aversion model and tested on American
and German data. Empirical results suggest differences between behavior of American and
German investors, but despite these discrepancies equity premium puzzle and interest rate
puzzle can be explained by the model in both economies. Altogether the behavioral
approach offers several plausible explanations of the observed financial data properties. In
the next section, data from the Czech Republic will be employed to assess presence of the
equity premium puzzle.
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3. Equity Premium Puzzle in the Czech Data

In the past almost thirty years, after publication of the Mehra and Prescott (1985)
influential article, authors observed the presence of the above described puzzles in many
world economies. Logical choice for many authors was the U.S. economy, as it provides
the longest and most reliable data set. However, studies for other, mostly developed
economies emerged, some of which are mentioned in chapters 1 and 2 (Campbell (1998),
Dimson et. al. (2008), and others). Despite Czech Republic’s European Union
membership, Czech economy can still be regarded as an emerging market with the Prague
Stock Exchange being established on November 24th 1992, with first trades executed in
April 1993. It is therefore interesting to look into studies that focused on asset returns in
newly established markets and other emerging economies.
Some authors have focused on individual countries (which is the approach
employed in the following subsections) while others have compared asset returns in several
economies jointly in an index. The latter approach is demonstrated in the work of
Salomons and Grootveld (2003), who compare equity risk premium in developed countries
to those in emerging markets from Asia, Latin America, Africa and Eastern Europe,
including the Czech Republic20. Authors find results in line with general logic – the more
risky emerging markets have to provide higher equity risk premium to attract investors.
However, much higher volatility of returns is found for emerging economies, together with
significant differences between individual countries and time periods considered. Some
countries in the sample even exhibit a negative equity risk premium, in other words higher
real returns on bonds than on equities. Erbas and Mirakhor perform a similar exercise,
comparing results for 29 emerging markets (including the Czech Republic) and 24
developed economies. Annual data for the period of 1996-2005 are used, confirming the
equity premium puzzle as a worldwide phenomenon. Furthermore, institutional quality and
other proxies for ambiguity aversion are employed as explanatory variables for the
pertinent equity premium puzzle. Such variables are found to have a statistically significant
impact on the size of the equity premium. Unfortunately, authors do not report results for
individual countries and results solely for the Czech Republic are thus still missing.

20

Monthly data from 1/1994 to 12/2001 are used for the Czech Republic, this paper uses longer series of
annual returns.

39

Studies of individual emerging markets regarding the equity premium puzzle
include Basci and Ekinci (2005), Mehra (2006), Penha (2006), and Hassan and VanBiljon
(2010); for Turkey, India, Brazil and South Africa respectively. Out of the above
mentioned emerging markets, longest dataset of over 100 years is available for South
Africa21. Hassan and VanBiljon (2010) confirm the presence of equity premium puzzle in
South African economy using annual dataset covering years 1990-2005. As a robustness
check, the equity premium is estimated using different time sub-periods as well as both
arithmetic and geometric averages. All combinations reported by the authors result in
implausibly high equity premium. Due to the large dataset, work of Hassan and VanBiljon
(2010) can be regarded as a transitory step between developed and emerging economies.
Comparatively much smaller data sample is used by Mehra (2006), who estimates the
equity premium in Indian economy from 1991 to 2004. Mean equity premium of 11.4% is
estimated from the data, while varying the coefficient of risk aversion between 2 and 10
only allows for maximal premium of 0.16%. Therefore the Indian economy yields puzzling
results as well. Similarly Penha (2006) examines quarterly Brazilian data ranging from
January 1992 to February 2004 in order to estimate the magnitude of equity premium.
Author uses two different functional forms – additive preferences (as in Mehra and
Precsott (1985)) and recursive preferences (as in Epstein and Zin (1991)) to assess the
presence of the puzzle in the emerging economy of Brazil. Equity premium in the above
mentioned period averaged 15.92 % and would only be explained by an implausibly high
risk aversion coefficient. Value of   15.8 is necessary to justify the observed asset
returns using the additive preferences. Recursive preferences are able to replicate values of
risk-free rate (no risk-free rate puzzle in Brazilian data), but the equity premium remains
puzzling for reasonable parameter values. Penha (2006) concludes that despite previous
works denying the presence of equity premium puzzle in Brazilian data22, based on his
analysis the two above mentioned frameworks cannot satisfactorily explain asset returns in
Brazilian economy.
On the contrary, negative equity premium is found by Basci and Ekinci (2005) for
Turkey. Using geometric averages on data from 1990 to 2002, they found an equity
premium of -4.28 %. In other words, Turkish T-Bills provided on average better annual
return (by 4.28 percentage points) than Turkish stocks in the period in question. Authors
21

South Africa is the only emerging economy included also in the work of Dimson, Marsh and Staunton
(2008).
22
For list of such works see Penha (2006)
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ascribe the counter-intuitive result to especially unstable economic environment in Turkey,
extremely high inflation and default risk on T-Bills. However, negative risk premium is not
solely specific for Turkey, as Salomons and Grootveld (2003) also found negative mean
equity premium in monthly data for Egypt, Indonesia, Malaysia, Pakistan, Philippines,
Poland and South Africa (different time periods). Despite the small magnitudes of negative
risk premiums, such outcome seems plausible for certain emerging economies. As the
Czech Republic has not experienced extreme inflation nor defaults on government
securities, it is not expected to find negative equity premium for Czech data.

3.1. Data description and adjustments

General difficulty with estimation of equity premium for the Czech Republic is the
lack of data, more concretely only a very short time series available for each variable. In
the following subsections, I will justify choice of the variables and proxies used for the
estimation despite this problem. Following the model of Mehra and Prescott (1985), the
following data series are crucial for estimation of the equity premium puzzle in an
economy:


Consumption data



Risk-free rate data



Equity market data



Inflation rate data

Modeling of the equity premium is based on real term variables, all nominal values should
therefore be adjusted for inflation. Therefore the measure of inflation will be introduced
first, followed by proxies for the three remaining variables.

3.1.1 Inflation

Since the equity premium puzzle is modeled through a Consumption-based Asset
Pricing Model, a suitable measure of inflation is necessary as real term variables are
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needed as input for the model. Agents in the economy maximize utility defined over
consumption, which can be best approximated by representative consumers’ (households)
expenditures. Therefore a Consumer Price Index (CPI further on) is the best way to capture
developments in the price level.
The CPI is published by the Czech Statistical Office and annual average values for
years 1994-2011 (with year 2005 = 100) will be used to determine inflation in the Czech
economy. From the index values, the net inflation rate for year t  1 is calculated as:

I t 1 

CPI t 1
1
CPI t
Higher inflation was experienced in the beginning of the sample period with

maximum of 10.76 % in 1998, however no extreme values of inflation have been observed.
Also there has been no decrease in price level over the past 17 years. This can be seen from
Figure 3.

CPI Inflation
12.00%
10.00%
8.00%
6.00%
4.00%
2.00%
0.00%

Figure 3 – Inflation in the sample period

3.1.2 Stock Market Data

As mentioned above, the Czech stock market was only established in November
1992 with first securities quoted in April 1993. As a proxy for the entire stock market is
needed, data for a broad index summarizing the developments of all securities in the
market should be used. For the Prague Stock Exchange such index, called PX 50 23 was

23

On March 20th, 2006 index PX50 was replaced by index PX. The new index overtook the previous values
of PX50.
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established on April 5th 1994 aggregating 50 largest emissions and setting a base value to
1000. Since PX is a “price” index, dividend yields are not included in calculations of the
index and will have to be added to the model separately.
To calculate annual returns on the stock market, values of the PX index as of
December 31st of each year will be used. Data is available from the annual Prague Stock
Exchange Fact Book (available from http://www.pse.cz/dokument.aspx?k=StatistickeSoubory&language=english) and “Key Yearly Trading Data 1993-2011” file available at
the same site. The gross nominal capital return on the stock market is then calculated as:

1  R   PX
PX
e ,cap
t 1

t 1
t

where PX t is the value of the PX index on December 31st of year t .
As there were only 161 trading days in 1994, the first year used in the sample will
be 1995 and last available full year is 2011. Thus the time series has 17 observations.
Development of the PX index over the entire sample period is depicted in Figure 4 below.

Figure 4 – PX Index from 1995 to 2011, source: www.pse.cz

To properly estimate the full return available to investors for holding stocks, dividend yield
has to be added to the gross nominal capital return. Data on the dividend yield are obtained
from the Prague Stock Exchange Fact Book, where dividend yields are published on
monthly basis. These monthly annualized values were then averaged to get annual values
for years 1998-2011. Data for preceding years are not available. As there seems to be a
significant change in magnitude of dividend yields prior to 2001 and post 2001, dividend
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yield for 1995-1997 was estimated as an average of dividend yields in period 1998-2000.
Total nominal gross return on equity is then calculated as:
Rte,1nom 

PX t 1
 DYt 1
PX t

where DYt 1 is the dividend yield in period t  1 .
Nominal return then has to be adjusted for increase in price level and real gross return on
equity is obtained as:
e
t 1

R

Rte,1nom  DYt 1

CPI t 1
CPI t

3.1.3 Risk-free Rate

There is no perfect estimate of a truly risk-free rate as historical examples of
government defaults exist. In case of the Czech Republic, relatively young emerging
economy, the government has kept up with the repayment schedule of its obligations.
Currently the long term issues of the Czech Republic in local currency have received a
very high investment grade rating from all three major credit rating agencies24. This being
said, short term government securities should constitute a suitable approximate of a riskfree rate.
In majority of the empirical literature (described in Section 2) returns of 90-day
Treasury Bills are employed as a proxy for the risk-free rate. The same approach is taken
in this study. Data on Domestic issues of government securities are published by the
Ministry of Finance of the Czech Republic and are available online, including archive
since 1993. Annualized yields to maturity of all issues of 91-day Treasury Bills from this
source are taken for each year in question (1995-2011). There have been at least three
issues in every of the 17 years. From these values an average is taken for every year to
obtain a series of 17 observations. These annual nominal returns have to be adjusted for
inflation in the following way to get real gross returns on risk-free asset:

24

A1 from Moody’s, AA from Standard & Poor’s and AA- from Fitch Ratings
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f
t 1

R

Rt f1,nom

CPI t 1
CPI t
The real equity premium is then calculated as the difference between real return on

equity and risk-free asset:

ERPt 1  Rte1  Rt f1

3.1.4 Per Capita Consumption

In Lucas’s (1978) Consumption-based Asset Pricing Model a representative agent’s
consumption is interchangeable with gross domestic product (GDP further on) in the entire
economy. However households’ consumption of services and non-durables is a more
realistic approximate of the given year’s consumption in the economy than the GDP.
Therefore the data on “Household final consumption expenditures” specified by durability
and using the “national concept” (rather than “domestic concept”) are used. This data are
published by the Czech Statistical Office and the so called national concept means that the
consumption expenditures is defined as expenditures of Czech residents in domestic
market as well as in foreign markets25. By this choice the effect of tourism and
developments in consumption of non-residents is eliminated.
Data are published in current prices and available from 1990-2011 from the
Database of National Accounts. Again only the time period from 1994 to 2011 is used to
determine real per capita consumption growth. To do so, adjustment to per capita values is
necessary; this is done using number of inhabitants as of December 31st in each year of the
data sample. Value for 2011 is not available and therefore the same growth rate of
population as in 2010 is assumed. After obtaining per capita consumption expenditures,
adjustment to real term using the previously described inflation is performed. The final
series on real gross per capita consumption growth X t is obtained as:

25

Compared to the domestic concept, which measures expenditure s of both residents and non-residents in
the domestic market.
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Ct 1
Ct 1
CPI t 1
Ct
X t 1 

Ct
CPI t 1
CPI t
CPI t
where Ct is the nominal per capita consumption in period t and CPI t is the value of the
consumption price index in period t .

Series of variables described in Section 3.1 are depicted on the Figure 5 below to
show developments of assets’ real returns and real consumption growth in the sample
period. It is clear from the graph that the equity premium is mostly determined by the
return on stock market as the (risk-free) T-bill return exhibits only a very small variation.
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Figure 5 – Development of above described key variables

Descriptive statistics of the data series follow in Table 2:

Equity Return

Risk-free return

Consumption
growth

Equity Premium

Mean

1.0679

1.0089

1.0233

0.0590

St. deviation

0.3034

0.0189

0.0240

0.3008

Table 2 – descriptive statistics of the Czech data
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These sample values therefore result in the mean equity premium of 5.901%. In the next
sections the theoretical model from Section 1.3 will be estimated using the values above to
see whether the equity premium puzzle is present in Czech data.

3.2. Model Specifications

Recalling Section 1.3, the same theoretical model will be employed to estimate the
equity premium in the Czech Republic. Since the model is described above, this section
aims at the analytical solution of the model, mainly on derivation of the asset pricing
equations. The derivation is based on early work of Grossman and Schiller (1981), who
developed pricing equations based on the assumption of log normality, and consequent
expansions, namely Mehra (2003). This section heavily draws on Mehra (2003), where the
derivations can be found in Appendix A, together with properties of a lognormal
distribution26.
A frictionless economy with a representative stand-in household is defined, with the
household maximizing its utility defined as:
  t Ct1 
 t

E0   U  Ct    E0  

 t 0

 t 0 1   

0    1 and 0    

with the utility being defined as U  Ct   ln Ct for   1 .
Only one productive unit with output yt , which is also the dividend for the given period,
exists in the economy, and one equity share with price pt is competitively traded and
represents a claim on the stochastic stream of income  yt  . In equilibrium, the loss of
utility from buying an additional unit of equity must equal the incremental gain in future
utility:
ptU   Ct    Et  pt 1  yt 1 U   Ct 1 

(30)

From this fundamental relation, pricing of both stocks and one period riskless bonds can be
obtained as:

26

These properties of a log normal distribution, taken from Mehra (2003) can be found in Appendix 3
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U   Ct 1  pt 1  yt 1 

U   Ct 1  e 



1   Et 
Rt 1  for equity
   Et 
pt
 U   Ct 

 U   Ct 






(31)

and

U   Ct 1  
 f
1   Et 
 Rt 1
 U   Ct  



for risk-free bond.

(32)

Rewriting (30) as
1   E M t 1Rte1

where M t 1 

(33)

U   Ct 1 
is a strictly positive stochastic discount factor, given that U  c  is
U   Ct 

increasing. Using formula for covariance: cov  X , Y   E  XY   E  X  E Y  , (33) can be
expanded to obtain:
e
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(34)

Substituting for the right-hand side from (32) gives:
U   Ct 1  

U   Ct 1  , Rte1 

U   Ct 1  
 f
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E
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 Rt 1
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 Et 

(35)

and rearranging (35) leads to the following expression:
e

 U   Ct 1  , Rt 1 

Et  Rte1   Rt f1  Covt 


 Et U   Ct 1   


(36)

Equation (36) shows that the expected gross return on stock is defined as the gross
return on riskless bond plus the covariance of the stock return with marginal utility of
consumption. Quantitative nature of the equity premium puzzle using such model then
dwells in verifying whether the above mentioned covariance is large enough to rationalize
the observed equity premium. To do so, additional assumptions are employed27:
i.) growth rate of consumption X t 1 

27

Ct 1
is i.i.d.
Ct

Mehra (2003) claims these are not necessary, but advantageous as they result in closed-form solutions of
the model.
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ii.) growth rate of dividends Zt 1 

yt 1
is i.i.d.
yt

iii.)  X t , Zt  are jointly log normally distributed.
This results in Rte being i.i.d. and  X t , Rte  being jointly log normal.
Now the attention turns to producing set of equations which can be used to express
the magnitude of equity premium as a function of known variables and coefficients.
Substituting U   Ct   Ct into (30) leads to


U   ct 1  


pt   Et  pt 1  yt 1 
   Et  pt 1  yt 1  X t 1 

U
c




t



(37)

Using the property that prices pt are homogeneous of degree one in yt , the prices of
equity can be written as:

pt  ayt then substituting this into equation (37) yields:
ayt   Et  ayt 1  yt 1  X t1 
a   Et  aZt 1  Zt 1  X t1    Et  a  1 Zt 1 X t1 

 Et Zt 1 X t1 

or rewritten as: a 

(38)

1   Et Zt 1 X t1 

Using the same property of prices: pt  ayt the return on stock can be rewritten as:

Rte1 

pt 1  yt 1 ayt 1  yt 1  a  1 yt 1  a  1



Zt 1
pt
ayt
a
yt
a

With expectations operator the equation then results into:
Et  Rte1  

 a  1 E
a

t

 Zt 1 

Using (38) it is easily shown that

(39)

 a  1 
a

1
 Et Zt 1 X t1 

and therefore the expected return on equity takes the form of:

E Rte1 

Et Zt 1

(40)

 Et Zt 1 X t1 
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For the risk-free asset such analogous derivation is much more straightforward.
Substituting U   Ct   Ct into equation (32) gives:

 Ct1  f
U   Ct 1  
 f

f
1   Et 
 Rt 1   Et    Rt 1   Et  X t 1  Rt 1 and the risk free rate of return
 U   Ct  

 Ct 


is straightforwardly defined as:
Rt f1 

1
 Et  X t1 

(41)

Since it is assumed that both consumption growth X t and dividend growth Z t jointly
follow a lognormal distribution, properties ii) and iv) from Appendix 4 can be utilized to
obtain the following equations:

Et Rte1 

Rt f1 

e

e

1
 z   z2
2



1
 z  x   z2  2 x2  2 x ,z
2

(42)



1

e

(43)

1
 x   2 x2
2

Taking natural logarithms on both sides of equations (42) and (43) finally yields the
desired pricing equations to be used in the next section:

1
re   ln    x   2 x2   x , z
2

(44)

1
rf   ln    x   2 x2
2

(45)

 

where re  ln E  Re  , rf  ln R f ,  x  E  ln X  ,  x2  var  ln X  ,  x, z  cov  ln X , ln Z 
is the covariance of consumption growth and dividend growth. In equation (42) the
following variables are defined:  z  E  ln Z  and  z2  var  ln Z  .
Finally the equity premium is then expressed from equations (44) and (45) as:
re  rf   x , z

(46)

Slightly different approach using properties of the stochastic discount factor is used by
Hansen and Singleton (1983), but the same set of pricing equations as above is obtained.
Equations (44)-(46) are equivalents of equations (10)-(12) from Section 1.3, expressed
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using notation developed in previous subsections. These will further be used to estimate
the coefficients  and  for the Czech Republic.

3.3 Estimation of the Model

Before the estimation itself, several issues relating to data processing have to be
addressed. Firstly, the mean values in Table 2 are calculated as an arithmetic average of the
returns or growth rate respectively. Hassan and VanBiljon (2010) estimate the equity
premium in South Africa using both arithmetic and geometric averages and suggest that
arithmetic average is only appropriate if the rates of returns are serially uncorrelated. When
autocorrelation is present, arithmetic average overstates the return in the sample, compared
to geometric average. In case of the log normal distribution this difference equals to one
half of the variance of the given series (Mehra and Prescott (2008b) or Hassan and
VanBiljon (2010). Therefore autocorrelation tests will be conducted for real risk-free
return, real equity return and real consumption growth. The following simple models will
be tested using the Czech data:

Rte1  ce  ae Rte   te1
Rt f1  c f  a f Rt f   t f1
X t 1  cx  ax X t   tx1
where ci is a constant term, ai is a coefficient for a given lagged explained variable and

 ti1 is an independent normally distributed error term.
No significant serial autocorrelation was found for any of the above defined
models. Complete results of the estimates, Durbin-Watson statistic values and implied
autocorrelations can be found in Appendix 3. Based on these results, the method of
arithmetic averages is selected. Yet another argument in favor of arithmetic averages is the
notion of myopia – as consumers evaluate their gains and losses on short term basis, they
are more likely to form their expectations on year-by-year basis rather than using
geometric average over the entire sample period.
In the theoretical model, the return on equity is solely determined by its dividend
growth stream. In reality, however, the return on stocks is given by capital gain plus
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dividends and therefore we set Z  Re . Equation (45) remains unchanged, but equations
(44) and (46) become:

1
re   ln    x   2 x2   x ,re
2

(44*)

re  rf   x,re

(46*)

where  x,re  cov  ln X , ln E  Re   is the covariance of log consumption growth with the log
equity return.
Based on equations (44*), (45) and (46*) from Section 3.2, the equity premium
puzzle can be approached in two ways. One can either input the sample values for data
series from Section 3.1 into the model to obtain model-implied values of coefficients 
and  , or alternatively different combinations of admissible values of coefficients  and

 may be assumed and corresponding values of model-implied equity return, risk-free
return and equity premium calculated.

3.3.1

Model-implied coefficients

First the more common approach of estimating the coefficients of relative risk
aversion and individual time preferences is taken. Equations (45) and (46*) are used to
estimate coefficients  and  in the following way:



re  rf

(47)

 x ,r

e




1
2




  exp   x  rf   2 x2 

(48)

When these equations are fed data on the Czech Republic from Table 2 and covariance of
log consumption growth with log stock returns (  x,re  0.00258 ), the model yields:

  5.56691
  1.11582
These results suggest, that asset returns in the Czech Republic do not exhibit the Equity
premium puzzle, as the coefficient of relative risk aversion is smaller than 10, value
claimed to be the upper bound by Mehra and Prescott (1985). However the value of
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coefficient  is higher than 1, meaning that agents prefer a unit of consumption tomorrow
to a unit of consumption today.
Originally the Lucas’s (1978) model postulates, that consumption is perfectly
correlated with dividend growth. Assuming this unrealistic situation results in change in
the value of  x ,re . Definition of correlation and values of standard deviations of
consumption growth and equity returns is used to get:

 *  x, re  

cov*  x, re 

 x r

e

cov  x, re 
*

1

 x r

e

cov  x, re    x re
*

And for the sample period in question this results in
cov*  x, re   0.00736

Equations (47) and (48) are then estimated again to obtain theoretical values of coefficients

 * and  * :

 *  1.95255
 *  1.03535
Assumption of perfect correlation between equity returns and consumption growth
therefore notably improves the results for both coefficients.

3.3.2

Model-implied asset returns

Mehra and Prescott (1985) mention several microeconomical studies which estimated
the observed coefficient of risk aversion to be relatively small and set the plausible interval
to be: 0    10 . However, many studies mentioned in Section 2 further restricted the
coefficient to a narrower interval of 2    5 with the value   10 being a theoretical
upper bound. Therefore the model-implied asset returns and equity premium using values
of   2;5;10 are calculated.
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For the individual time preference coefficient  values smaller than one, but very
close to one are assumed. Specifically   0.99;0.975;0.95 will be used, all numbers
employed in previously conducted research. First, results using empirically observed
covariance of consumption growth and stock returns will be calculated. Then again, as a
theoretical exercise, asset returns will be calculated assuming a purely theoretical perfect
correlation between the two variables.
Results employing empirical sample covariance:

α

Β

Re

Rf

ERP

10

0.99

1.266242

1.233981

0.032261

5

0.99

1.13884

1.124239

0.014601

2

0.99

1.061522

1.056057

0.005465

10

0.975

1.285723

1.252965

0.032757

5

0.975

1.15636

1.141534

0.014826

2

0.975

1.077853

1.072304

0.005549

10

0.95

1.319557

1.285938

0.033619

5

0.95

1.186791

1.171575

0.015216

2

0.95

1.106218

1.100523

0.005695

Table 3 – Asset returns using empirical sample covariance

From Table 3, we can see that equity premium of about 3.3 % can be achieved using
“reasonable” values of the parameters  and  . Even though not too far from the sample
mean of 5.9 %, the equity premium puzzle in a smaller degree seems to be present in the
Czech data. Much larger puzzle emerges from the difference between estimated risk-free
rate and its empirically observed counterpart. Risk-free rate of 28.59 % p.a. is needed to
generate the highest equity premium in Table 3, much higher than the sample average of
0.89 % p.a. Risk-free rate puzzle is thus present in the data as well, at least for values of
time preference coefficient smaller than 1.

To assess theoretical possibilities of the model, using hypothetical perfect
correlation between stock returns and consumption growth, combined with empirical
volatilities of the two variables, results in Table 4 were calculated.
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Returns, utilizing theoretical case of perfect correlation  ln X ,ln E  Re   1 :

α

Β

Re

Rf

ERP

10

0.99

1.328202

1.233981

0.094221

5

0.99

1.16637

1.124239

0.042132

2

0.99

1.071713

1.056057

0.015656

10

0.975

1.348636

1.252965

0.095671

5

0.975

1.184314

1.141534

0.04278

2

0.975

1.088201

1.072304

0.015897

10

0.95

1.384127

1.285938

0.098189

5

0.95

1.21548

1.171575

0.043906

2

0.95

1.116838

1.100523

0.016315

Table 4 – Asset returns using perfect correlation

Table 4 suggests that a much higher equity premium can be justified under such strong
assumption. While the average sample equity premium is easily replicated, the risk-free
rate puzzle sustains even after the theoretical exercise. Even the (perhaps) best result in
third row of Table 4   5;   0.99  implies an annual risk-free rate of more than 12.4 %
in order to get equity premium slightly above 4.2 %, value still smaller than the sample
average. Increasing the risk aversion coefficient helps to increase the equity premium, but
at the same time also increases the model implied risk-free rate. The only solution under
such model then rests in increasing the time preference parameter  above one.

3.4 Adjustments to original model

Main inconsistence between theoretical results and empirical sample averages in
Section 3.3 stems from differences in risk-free rate. Therefore the measure of risk-free rate
will be reassessed in the following section and the model re-estimated using a different
proxy. As described in Section 2.2.2, short term government securities have other attractive
qualities for investors than just the return – namely the price incorporates liquidity
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premium to compensate for lower nominal annual return. As suggested for example in
Campbell (2003, p.825), long term government bonds can be employed as a measure of
risk-free rate instead of Treasury Bills. By doing so, the effect of transaction service return
associated with T-Bills as a “money-like” instrument is eliminated.
For the estimation of equity premium in the Czech Republic, longer term risk-free rate
will be approximated by 5-year Treasury Bonds. The more commonly used 10-year bonds
were not issued very often by the Czech Ministry of Finance28 and therefore the bonds with
5 year maturity are used. For the period under examination (1995-2011) 5-year Treasury
bonds were issued in each year with only exception being year 2011. Data are again
collected from the website of Ministry of Finance of the Czech Republic. All average
yields of 5-year Treasury Bond issues are taken in a given year and subsequently averaged
to obtain nominal average risk-free rate for the year in question. For the year 2011, data on
all 3-year Treasury bonds and 10-year Treasury bonds were employed and via linear
extrapolation a theoretical average yield on a 5-year bond was obtained. As well as all data
series in Section 3.1 the nominal returns were adjusted for the CPI inflation and real gross
annual returns on the 5-year Treasury bonds were given as:
Rt f1, L 

Rt f1, Lnom
CPI t 1
CPI t

In table 5 below, a brief comparison of the first two moments of Treasury bills and
Treasury bonds29 are presented.
Treasury Bonds

Treasury Bills

Mean return

1.0142

1.0089

St. deviation

0.0164

0.0189

Table 5 – Comparison of returns on Treasury Bonds and Treasury Bills

As expected, real returns on longer maturity bonds are higher than returns on treasury
bills, but the difference between average returns is only 0.53% per annum. This result
should therefore help to mitigate both the equity premium puzzle and more importantly
also the risk-free rate puzzle.

28
29

First issue date in the sample period was February 18th, 2000
Further on, Treasury bonds specifically refer to 5-year Treasury bonds
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3.5 Estimation of the adjusted model

Following the change in dataset, the model is re-estimated using the altered risk-free
rate. Again the same two approaches can be taken to obtain new set of coefficients or asset
returns respectively. When we look closer at the formulas (44*) and (45), derived in
Section 3.3, properties of the risk-free rate are not used in the calculations. Therefore
estimating model implied asset returns would yield exactly the same results, even after a
different risk-free rate is assumed. It then follows that only model implied coefficients will
be estimated as formulas (47) and (48) utilize the mean of log risk-free rate in the
calculations.
The risk aversion coefficient  attained a reasonable value with treasury bills as a
proxy for the risk-free rate, so no improvement is necessary regarding the consumer’s risk
aversion. Main focus is then whether the increase in the mean risk-free rate will bring
down the time preference parameter  into the generally accepted interval: in other words
is    0;1 ?

3.5.1 Model implied coefficients

Similarly to Section 3.3.1, risk aversion coefficient and time preference parameter
will be estimated using formulas (47) and (48) defined above. All inputs for the two
equations remain unchanged, except for the mean log risk-free rate. Utilizing the
empirically observed sample values, especially talking about the covariance between
equity returns and consumption growth, the following results are obtained:

  3.55014
  1.06558
These values suggest a further improvement of results regarding both parameters. Risk
aversion decreased to 3.55 – a value inside the optimal interval as mentioned in section
3.3.2. This is with no doubt a reasonable value in line with empirical experiments towards
monetary gambles. No puzzle therefore arises from the risk aversion coefficient; sadly the
same is not true for the time preference parameter. Despite an improvement over the
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results implied by treasury bills, value of the time preference parameter still remains above
one. Representative consumer still prefers one unit of consumption tomorrow to one unit of
consumption today – behavior not generally observed in reality. The value of  implied by
Czech data remains puzzling even when treasury bonds are taken as risk-free rate proxy.

Further reduction in the coefficient  can be (besides already attempted change in
risk-free rate) achieved by change in the covariance between consumption growth and
equity returns. Thus again as a theoretical exercise, perfect correlation between
consumption growth and stock market return is assumed (while keeping the first two
moments of consumption growth unchanged). Even though purely hypothetical, results
show us what limit values for coefficients  and  are attainable given the sample mean
returns and volatilities of consumption growth and equity return.

  1.24518
  1.01413
Increase in  x ,re resulted in reduction in both parameters as we can see from the results
above. While  remains within the admissible interval, time preference parameter 
despite another decrease continues to have value larger than one. Since maximum possible
correlation is assumed, further improvements can only be achieved by further altering the
returns on assets and/or via changes in the distribution of the consumption growth. For the
Czech data sample examined here only values of  larger than one are able to explain the
empirically observed asset returns.

3.6 Discussion of the results

In this section, the above obtained results will be critically assessed, suggesting
possible cause of imperfections regarding both data sources and model assumptions. Also
the effects of individual terms in pricing equations will be described and demonstrated on
the results from the Czech Republic. Last but not least, possible directions for further
research will be proposed.
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As argued above, 17 years of data constitute a relatively short data series. However,
this can only be resolved by repeating the estimation exercise in the future when more
observations will be available. While time can easily help with eliminating the short
sample bias from the dataset, problems with stock market return proxy is harder to
overcome. In the general equilibrium model employed in this paper, the asset market return
proxy should encompass the entire spectrum of companies from different fields. Despite
the PX index being by all means the best equity return proxy for the Czech Republic, the
Czech stock market is very concentrated. More than 75% of market capitalization is due to
only two sectors of the economy, namely the energy production sector and financial &
banking sector. As such, the PX index does not properly represent the entire economy of
the Czech Republic and provides distorted picture of equity returns. Furthermore, market
participation among individual consumers is rather small and the market is dominated by
institutional investors. No better approximation is available and only more future emissions
of equity from diversified portfolio of companies would improve the situation. Dispute
regarding the appropriate proxy for a risk-free rate is resolved by using both treasury bills
and treasury bonds respectively to show robustness of results for the Czech Republic.
Equations (44*) and (45) tell much about different components of asset returns. For
the risk-free return, equation (45) defines it as:

1
rf   ln    x   2 x2
2

(45)

First term reflects the impatience of consumers (for values of  smaller than one) and the
more impatient the consumer (lower  ) the higher the risk free rate. Second term arises
due to the growth in consumption – as consumers expect higher consumption in following
periods, they want to borrow against future consumption. The higher the consumption
growth (  x ) and curvature (risk aversion) parameter  , the higher the risk-free rate. Last
term relates to precautionary savings – due to variation in consumption and uncertainty,
consumers prefer to create precautionary supply of consumption goods, thus lowering the
risk free rate. For high values of  , the last term dominates the equation and therefore
unrealistically high risk aversion can help to lower the risk-free rate.
The equity return is described by equation (44*) as:

1
re   ln    x   2 x2   x ,re
2

(44*)
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same arguments can be used as for the risk-free return: impatience lowers the return on
equity required by consumers, so does the uncertainty about future consumption while
expected growth of future consumption forces the investor to require higher return on
equity. Only difference is the last term, which for positive correlation of consumption
growth and equity returns increases the required return. This is due to the fact that asset
which increases consumption in times when consumption is already high is undesirable
and therefore must be associated with higher return to remain attractive.
It is clear that the higher the time preference parameter the lower both the asset
returns. On the other hand, effect of increase in risk aversion coefficient is not certain.
However for low values of consumption growth variance (as observed empirically in the
Czech data), higher  will increase both asset returns as well as the equity premium.
Table 6 combines above derived results for the Czech Republic and confirms the effects of
individual coefficients:
Empirical correlation
Re

Rf

Perfect correlation

α

β

ERP

Re

Rf

ERP

10

0.99

5

0.99

2

0.99

1.061522 1.056057 0.005465 1.071713 1.056057 0.015656

10

0.975

1.285723 1.252965 0.032757 1.348636 1.252965 0.095671

5

0.975

2

0.975

1.077853 1.072304 0.005549 1.088201 1.072304 0.015897

10

0.95

1.319557 1.285938 0.033619 1.384127 1.285938 0.098189

5

0.95

1.186791 1.171575 0.015216

2

0.95

1.106218 1.100523 0.005695 1.116838 1.100523 0.016315

1.266242 1.233981 0.032261 1.328202 1.233981 0.094221
1.13884 1.124239 0.014601

1.16637 1.124239 0.042132

1.15636 1.141534 0.014826 1.184314 1.141534

0.04278

1.21548 1.171575 0.043906

Table 6 – Results of model implied coefficients for the Czech Republic

From the results described in Sections 3.3 and 3.5 one stands out. Time preference
parameter larger than one is counterintuitive to general economic theory. Treatment of the
topic is well covered in Kocherlakota (1990), who shows the existence of unique solution
to asset pricing equations in a growth economy even with time preference parameter larger
than one. Slightly different approach to explaining the unusual value of coefficient  can
be found in Cechetti, Lam and Mark (1993). They claim that values of  greater than one
can be interpreted as a simplified approximation of a habit formation behavior. In other
words, these are models where “…marginal utility is an increasing function of the level of
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past consumption. This implies behavior similar to that implied by a discount factor greater
than one.” (Cecchetti et al., 1993, p.25) Regardless of these explanations, the discount
factor implied by the Czech data remains confusing as the consumption growth in the
Czech Republic only averaged 2.33 % in the sample period.
Equity premium does not seem to be puzzling in the setting of the Czech Republic
(when allowed for discount factor larger than one). On the contrary, the risk-free rate
puzzle remains to be present in the Czech data using the original Mehra and Prescott
(1985) model with time separable preferences. As described in Section 2, several other
model specifications have had significant success resolving the risk-free rate puzzle (less
so with the equity premium puzzle). These include the generalized expected utility
framework of Epstein and Zin, habit formation models or the Campbell and Cochrane
mechanism. Due to space and time constraints of this thesis, employing these models in the
Czech economy could be an interesting are for future research.
Even the above mentioned models are not able to capture the complexity of the
entire economy. Many other factors should be accounted for in an optimal model setting.
These include changes in taxes and regulatory framework (especially tax rates were
changing very often in the Czech Republic) or limited equity market participation of
consumers in the Czech Republic (model incorporating limited participation was
introduced by Vissing-Jorgensen (2002) or Brav et al. (2002)).
Despite all of the above mentioned remarks, this study was meant as a pilot project
introducing study of the equity premium puzzle to the Czech economic environment and
providing first results. The results show that the returns on assets in the Czech Republic do
not lead to equity premium puzzle and can be replicated with a reasonable coefficient of
risk aversion while using the time-separable preferences. On the other hand, the low
empirically observed risk-free rate is not possible to achieve without violating the
restriction on time preference parameter  . This risk-free rate puzzle produced by the
model deserves further inspection in subsequent research. Section 2 offers range of
different models that could be used to mitigate the problem and future research should
show whether such models are capable of doing so or not.
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Conclusion

This study focuses on the phenomenon of equity premium puzzle, the empirically
observed difference between returns on equities and (relatively) riskless Treasury Bills. In
a simple endowment economy, representative consumer would have to be extremely risk
averse in order to justify the empirically observed magnitude of equity premium – hence
the term puzzle. Main goal of this study is to describe the background of equity premium
puzzle, offer a comprehensive and thorough review of literature written on the topic and
provide a first estimate of the original model of Mehra and Prescott (1985) using data from
the Czech Republic.
Originally the puzzle was examined on over 100 years of American data and the
premium of 6.18 % was not possible to explain with acceptable value of a risk aversion
coefficient, given a time-separable utility function was used. In attempt to resolve the
equity premium puzzle, Weil (1989) proposed a different perspective on the results,
suggesting that the problem is not the magnitude of equity premium, but rather the value of
risk-free rate produced by the theoretical model. This became known as the risk-free rate
puzzle. Such conundrums have spurred research efforts in past decades in attempt to
explain behavior of financial markets, including the two aforementioned puzzles.
Many of the proposed resolutions are described above, including risk-based
explanations, non-risk based explanations and recent attempts from the field of behavioral
finance. It has been established that despite significant improvements in understanding of
the financial markets’ behavior, none of the models mentioned in this study is able to
justify the empirically observed sample statistics. Vast majority of the researchers has
focused on developed countries, where broad range of data is available, and confirmed that
the puzzles can be considered a worldwide phenomenon. On the other hand, studies aiming
on emerging markets are scarce and lead to rather ambiguous results. Sometimes even
negative equity premium was observed, challenging the generally established opinion.
In order to widen the spectrum of literature focusing on emerging markets, using
the consumption based asset pricing model as in Mehra and Prescott (1985), this study
estimates the equity premium in the Czech Republic. Being a comparably young emerging
market, biggest obstacle in the estimation is lack of a long series of reliable data. Sample
period covers 17 years (1995 – 2011), representing the longest consistent dataset available.
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Data necessary for the calculations include inflation, equity returns, risk-free rates and
household consumption, all of which are publicly available from official sources.
Two sets of results are presented in order to establish whether the equity premium
puzzle and risk-free rate puzzle hold for the Czech data. The two estimations differ in the
assumed proxy for risk-free asset – 91-day treasury bills and 5-year treasury bonds are
used respectively. Results of both exercises suggest no equity premium puzzle, as the
empirically observed asset returns can be replicated with coefficient of risk aversion
smaller than 10, value generally assumed as an upper bound. On the other hand, the riskfree rate puzzle remains to be present in the data even when a theoretical perfect
correlation between equity returns and consumption growth is assumed. Very similar
results are obtained for both measures of the risk-free rate, pointing out the robustness of
the puzzle. Further irregularity observed in the Czech data is a time discount factor larger
than one, suggesting agents prefer consumption in future to consumption today. Therefore
the asset returns in the Czech Republic cannot be dismissed lightly and deserve further
investigation.
Despite several shortcomings, this study constitutes a first estimate of the equity
premium puzzle in the Czech Republic and aims to be a building block for future research.
Only an introductory assessment of the Czech financial market regarding the behavior of
asset returns is presented. Future direction should include estimation using different class
of models and longer series of data covering ideally several business cycles. Especially
models successful in mitigating the risk-free rate puzzle such as generalized expected
utility, habit formation or the mechanism proposed by Campbell and Cochrane (1996)
might be compatible with the Czech data. Further attention could be directed towards
examining the volatilities of asset returns, not just the first moments of their respective
distributions.
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Appendix
Appendix 1 – Table 1 from Mehra and Prescott (1985), US data summary
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Appendix 2 – Table from Weil (1989), results for Epsetin-Zin utility function

70

Appendix 3 – Autocorrelation tests results

Models estimated:

Rte1  ce  ae Rte   te1
Rt f1  c f  a f Rt f   t f1
X t 1  cx  ax X t   tx1

Dependent
variable

Rte1
Rt f1

X t 1

ci

ai

Durbin-Watson

(p-value)

(p-value)

(p-value)

0.9552*

0.1245

1.8419

(0.006)

(0.639)

(0.349)

0.5704*

0.4349

2.0329

(0.039)

(0.101)

(0.475)

0.7092*

0.3049

1.8465

(0.019)

(0.263)

(0.345)

Autocorrelation

0.07905

-0.01645

0.07675

Gretl software was used to generate the results using OLS method.
Autocorrelation of residuals is roughly estimated as:

d 
r  1  
2
where d is the value of Durbin-Watson test statistic (fourth column).
Results above suggest that no lagged variable is significant and all the time series do not
suffer from significant autocorrelation.
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Appendix 4 – Some properties of a log normal distribution
i.) If ln z ~ N   z ,  z2  then: a.ln z ~ N  az , a 2 z2 

1


ii.) E  z a   E exp  a ln z   exp a z  a 2 z2 
2


iii.) a ln z  b ln x ~ N  az  bx , a 2 z2  b x2  2ab x z  , where   corr  ln x, ln z 

1


iv.) E  z a xb   exp a z  b x   a 2 z2  b2 x2 
2


1
2


v.) If x  z then: E  z a xb   E  x a b   exp  a  b   x   a  b   x2 
2


2
1
1




vi.) var  x   E  x 2   E  x   exp  2 x  .4 x2   exp  2 x  .2 x2  
2
2





2
1
1


1


 exp  2 x  .2 x2  exp  2 x2  1    E  x    exp .2 x2  1
2
2


2




vii.)

Exp  x2   1 



 x2  ln 1 



viii.)

var  x 
 E  x  

2

var  x  

2
 E  x   

1
ln E  x    x   x2
2
1
2

 x  ln E  x    x2
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