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Abstract

Using the generalized method of moments, we estimate structural parame-
ters related to relative-risk aversion, the discount rate of future utility, and the
intertemporal elasticity of substitution in consumption for the Brazilian economy.
Estimates are provided for three types of utility function based on the consump-
tion capital asset pricing model: constant relative risk aversion utility, utility with
external habit, and Kreps-Porteus utility. These results are analyzed and then
compared to previous results using Brazilian and U.S. data. Moreover, we per-
form over-identifying restrictions tests of all estimated models to investigate the
possible existence of the equity premium puzzle in Brazil.

The overall results show that Brazilian consumers have a relatively high
discount rate, a low intertemporal elasticity of substitution, and a high relative
risk aversion coefficient. Also, there is no evidence of the existence of the equity
premium puzzle in Brazil.
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Resumo

Nesse trabalho estima-se, usando o método generalizado dos momentos e
dados brasileiros, os pardmetros estruturais do modelo CCAPM (consumption
capital asset pricing model) a partir de trés classes de fungdes utilidade distintas:
funcio utilidade poténcia (CRRA), utilidade com habito externo, e aversio ao
desapontamento (Kreps-Porteus). Estes pardmetros estruturais estdo associados
4 aversdo ao risco, a elasticidade de substitui¢do intertemporal no consumo e a
taxa de desconto intertemporal da utilidade futura. Os resultados aqui obtidos
sdo analisados e comparados com resultados anteriores para dados brasileiros e
americanos.

Adicionalmente, testa-se econometricamente todos os modelos estruturais
estimados a partir do teste de restrigbes de sobre-identificagdo, para investigar,
da forma mais abrangente possivel, se hd ou ndo equity premium puzzle para o
Brasil. Osresultados surpreendem, dado que, em rarissimas ocasides, se rejeita as
restrigdes implicitas nesses modelos. Logo, conclui-se que ndo ha equity premium
puzzle para o Brasil.

Key Words: CCAPM, GMM, Risk aversion, discount rate, Intertemporal elasticity of
substitution in consumption .

JEL Code: C3, E8, G1 .

1. Introduction.

The purpose of this paper is to analyze the behavior of Brazil-
ian consumers regarding risk and inter-temporal substitution in con-
sumption. Weinvestigate these issues through GMM estimates based
on the CCAPM (consumption capital asset pricing model). The basic
idea of the CCAPM (e.g., Lucas, 1978) is that, in order to imple-
ment their future consumption plans, agents store wealth in the form
of assets. Hence, the properties of the asset return series must be
related to the properties of the consumption series and the agent’s
degree of risk aversion, discount factor, and intertemporal elasticity
of substitution in consumption.
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For U.S. data, the basic CCAPM with time-additive CRRA (con-
stant relative risk aversion) utility function did not perform well vis-
a-vis the data, resulting in an important macroeconomic puzzle — the
equity premium puzzle, originally presented by Mehra and Prescott
(1985). For data from 1889 to 1978 the average equity premium vis-a-
vis government bonds was 6.18% per year. Simulating the model for
parameter values considered reasonable (a relative risk aversion co-
efficient between zero and ten), Mehra and Prescott concluded that
the observed equity premium was inconsistent with the model, unless
a risk aversion coefficient between 30 and 40 was considered.

Formal econometric tests for the CCAPM were conducted by
Hansen and Singleton (1982,1984) with CRRA utility and by Ep-
stein and Zin (1991) with Kreps-Porteus utility, inter-alia. These
tests exploited the over-identifying restrictions of the respective mod-
els (Hansen (1982)), and can be interpreted as formal econometric
tests for the equity premium puzzle. This happens because the tests
evaluate simultaneously the implied restrictions of the Euler Equa-
tions on government bonds (risk-free assets) and on stock returns
(risky asset). For the U.S. economy, these restrictions were consis-
tently rejected either by Hansen and Singleton or by Epstein and
Zin, confirming the puzzle indicated by Mehra and Prescott.

As a response to the equity-premium puzzle, the basic CCAPM
with time-additive CRRA utility was re-formulated in two direc-
tions. The first tried to explain the puzzle from the existence of
market imperfections - incomplete markets (Mankiw, 1986), liquid-
ity constraints (Scheinkman and Weiss, 1986) and transaction costs
(Grossman and Laroque, 1989) - which implied the non-validity of a
representative consumer model due to the agent’s restricted access to
the asset markets. In this case, the model was re-formulated to incor-
porate heterogeneous agents. The second focused on incorporating
a more general class of preferences for the representative consumer,

Brazilian Review of Econometrics 20 (2) November 2000 203



Risk Aversion, Discount Rate

allowing for non-separability over time, for alternative ways of for-
mulating preferences over risk, and by the use of non-expected utility
models.

For Brazilian data, estimates of the relative risk aversion co-
efficient for the basic linearized model (under log-normality) have
already been performed by Reis et alli (1998). Their results, in some
cases, showed significant estimates of risk aversion between 3 and 5.
However, for the log-linearized model to be valid, returns on assets
and consumption must obey a series of strong parametric restric-
tions. Also, Reis et alli only consider the accumulation of assets in
the form of government bonds, which does limit the scope of the
empirical results.

In this paper, the issue of risk aversion and inter-temporal sub-
stitution for Brazilian consumption is studied in a broader way. Fol-
lowing the second strand of the international literature described
above, structural parameters of the Brazilian economy are estimated
using the consumption smoothing model with three different utility-
function parameterizations. These are the time-additive CRRA util-
ity (e.g. Hansen and Singleton (1982,1983)), the external habit util-
ity (e.g. Abel (1990)), and Kreps-Porteus utility (e.g. Epstein and
Zin (1989, 1991)). Moreover, in the empirical implementation, the
representative consumer can allocate its wealth in two different as-
sets: government bonds and a stock portfolio.

The econometric technique used in estimation is the generalized
method of moments (GMM), which, besides allowing the estimation
of structural parameters in the models, also allows testing the re-
strictions implied by the Euler Equations for each model, resulting
in an equity premium puzzle test for Brazil. Data for two different
time frequencies (annual and quarterly) and a large range of instru-
ment sets are used. The great variety of possible data frequencies,
utility functions, and instrument sets, allows verifying the robustness
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of the empirical results for Brazil. This constitutes an original and
necessary effort to bridge the gap between the Brazilian and Inter-
national literature. Even regarding the latter, we are unaware of any
empirical effort similar to ours contained in a single article.

In section 2 the three macroeconomic theoretical models to be
tested are described. In section 3 we present a description of the data
and the estimation method. The empirical results are presented in
section 4 and the conclusions in section 5.

2. Theoretical Models.

Consider a single-good general equilibrium model with infinite
horizon and identical agents. The representative agent’s general
problem is:

max U,(), (1)

[{Cz+j},°-°;o,{9t+j+1}§";o]

subject to the sequence of constraints (2) below:
Crag + Gerg Ovjtr < [Qog + TGag] Ooag + 9045, Y5 =0,1,2. (2)

There are N assets in the economy, where 6;1 (v x1) dt+j(nvx1) IS &
vector with their respective quantities and prices and g; il x1) 2re
vectors with their respective dividends. In each period, the agent
receives an exogenous income ¥:4+j, which is a state variable in the
consumer problem.

2.1 The CRRA Time-Additive Utility Function.

Following Hansen and Singleton (1982), the inter-temporal util-
ity function in the benchmark model is a von Neumann-Morgenstern
utility function (time-additive):
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= E; Zﬁf [Ceas] (3)

where C; is real aggregate consumption per capita, F:(.) is the condi-
tional expectation on the information available to the agent at period
t and B is the intertemporal discount rate, 0 < f < 1. The max-
imization of (3) subject to sequence (2) results in the following N
first-order conditions (Euler Equations):

'U,/ [Ct] = Et {5 'U,’ [Ct+1] (1 + Ri,t+1)} ,VZ = 1, ceeny N, (4)

where the real rate of return for asset 7 at period ¢t + 1 is defined

it+1+d;,
as R 41 1= w 1, where g;,;41 and ¢;,, are respectively

the price and return of asset 7,7 = 1,2,...N, in perlod t+1, with a
similar notation applying to g;,t.

Dividing both sides of (4) by v'[C;] we have:

1 =Et[(1+}?/i,t+l) Mt+1],V‘iZ 1,...,N, (5)

where M+ is pricing kernel (or stochastic discount factor).

In this first model, the instantaneous utility function is param-
eterized as CRRA:
Ci -1

, (6)

where 7 is the relative risk aversion coefficient. The main objection to
this utility function specification is that only one parameter (y) gov-
erns both the relative risk aversion coefficient and the inter-temporal
elasticity of substitution in consumption %, since:
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_ Oln (CC*,—J:‘) .

w_ 8].I1Rt+1 ( )
1

= (8)

For example, a risk averse agent (7 high) will not alter his consump-
tion pattern significantly in response to interest rate variations (3
low), given that risk aversion is the reciprocal of the inter-temporal
elasticity of substitution.

Applying the utility function parameterization to (4), we obtain:

1=FE |8

Cip1\ 7 _ . _
HL) A+ Rin)|, V=1 N (9)
t

and, in this case, the pricing kernel is a function of consumption
growth:

crrA _ of Cir1)
Myg™" =8 < ) (10)

2.2 External Habit Model (“Catching up with the Jone-
ses”).

The way that habit formation is introduced in this general equi-
librium setting is based on the assumption of a positive effect from
past consumption - viewed as consumer’s “habit”- on the agent’s
instantaneous utility function, allowing for non-separability of the
utility function over time. The intertemporal utility function will
also depend on v, a time-preference parameter:
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U= FE; Zﬁj U [CH-J': V4] - (11)

i=0

Differences in the functional form of u(.) and v(.) result in dif-
ferent habit formation models. For alternative specifications see, for
example, Abel (1990) or Constantinides (1990). Following Abel, we
specify the function v(.) here as follows:

v = [CRCY | (12)

where Ci_1 is the agent’s own consumption at ¢t — 1,Ci_q is aggre-
gate consumption at ¢ — 1 and x is the parameter controlling the
time separability of the utility function. In order to have external
habit, we set D = 0 and x > 0 (therefore, the agent’s habit level
is a state variable), whereas in the internal habit model D = 1 and
k > 0 (therefore, the agent’s choice of consumption level today af-
fects the habit level for the next period). In Abel’s (1990) external
habit model, also known as “Catching up with the Joneses”® , the
instantaneous utility function is parametrized as:

u(Cy,vt) = Lf‘j;)}—

&] (13)

Using the external habit hypothesis (D = 0 and & > 0), plugging
(12) into (13), and substituting the result in (11), the representative
agent’s problem becomes:

 In the external habit model, the agent’s relevant habit level is the one observed in his “neigh-

borhood” (Joneses) on the previous period, resulting on the term “Catching up with the Joneses”.
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max E, Zﬁ' 1= . (14)

[{Cets}52ailbess} 2] 4=0

subject to sequence (2), where C:y; represents individual consump-
tion and Cy4j—1 represents aggregate consumption, which is taken
parametrically by the agent in the optimization problem. Solving the
representative agent’s problem and imposing the equilibrium condi-
tion that individual and aggregate consumption are identical, we
obtain the following N Euler equations:

K(y-1) —
Ci Cii1 -
g (Ct—l) ( C, ) (1 +&,t+1)] Vi=1,..,N,

(15)
so that the pricing kernel in this model includes an extra term related
to lagged consumption growth:

1=FE;

(16)

EH crra [ _Ct <=1
Mty = My ( ) .

- Ci1

The parameter s controls the degree of time separability in consump-
tion. Note that, when x = 0, we are back to time-additive CRRA
utility, i.e., equation (9).

Because the representative consumer takes aggregate consump-
tion parametrically, the inter-temporal elasticity of substitution in
consumption is ¥ = 1/ for the external habit model. Notice that
the same is not true for the internal habit model, where computation
of % is more involved.
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2.3 Kreps-Porteus utility type model.

The third model discussed here follows Epstein and Zin (1989,
1991), being a generalization of the expected utility case, as pro-
posed by Kreps and Porteus (1978). This specification allows the
separation between risk aversion and inter-temporal substitution in
consumption - one of the main criticisms directed towards the CRRA
utility model?. The basic idea is that the representative agent forms
a certainty equivalent for her future utility using her preferences over
risk. This certainty equivalent is combined with current consump-
tion in ¢ (deterministic) via an aggregating function (W (.)), in order
to obtain the intertemporal utility function.

The agent’s future utility is defined as (7t+1 and p [f/"t+1|1t] is

her certainty equivalent, we arrive at the following inter-temporal
utility function specification:

U =W [Ct,lt [17t+1!ItH (17)

Notice that risk aversion is synthetized in p(.) while the inter-
temporal part is in (W(.)). The way the certainty equivalent (the
preference over risk) is modeled is denoted as a-mean, or constant
relative risk aversion expected utility:

i [fjt+1|It] - [Et(??rm} M 0 tac<t, (18)

log [u [5’t+1|1t]] = E,logUsy1, a=0.

2The main criticism on the non-identification of both parameters within the CRRA model,
according to Hall (1988), is based on the following argument: the intertemporal elasticity of
substitution refers to the investors’ propensity for altering their consumption between time periods
(which is also defined when there is no uncertainty), whereas the risk aversion coefficient refers
to the investors’ propensity for altering their consumption between different states of the world
(which is also defined in a one-period model).
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The aggregating function is parameterized as a constant elastic-
ity of substitution (CES) function:

o

Ut=[<1—6>05+ﬁ(Ef;"+l) | tozocn, a9

where the intertemporal elasticity of substitution in consumption (%)
is given by
1

(1-p)

b= (20)

The a parameter reflects the agent’s behavior towards risk. In
the above specification the relative risk aversion coefficient -y is con-
stant, v = 1—ca. Note, that when oo = 0, we are back to the expected
utility model with logarithmic preference. When a = p, once again
we have an additively separable utility function. '

The maximization of (19) subject to sequence (2) results in the
following N Euler Equations — Epstein and Zin (1991):

}»:Et

t

. Ct+1 n{p-1) 1 )
ﬁ —“é—-— Bt+1 (1"*"1?4:,1‘,4-1) ,V'lz 1,....,N (21)

where 7 := % and §¢+1 is the optimum portfolio’s gross return®.

This specification allows, therefore, the inclusion of a pricing
ke rnel term related to the aggregate uncertainty in the economy, cap-
tured by J§t+1: the pricing kernel is a geometrical average between
the additively separable (CRRA) model - that reflects consumption
growth - and the term that reflects aggregate uncertainty:

3Epstein and Zin represent this variable using the returns in a stock index traded at the New
York Stock Exchange as a proxy.
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1-7m

1

MEE = (MSER4)" (—:—> (22)
Biyi

In order to test the separability hypothesis, the authors use a
system of Euler Equations that includes (21) and the model’s non-

separable logarithmic specification as in the case of preference over
risk (@ =0; p # 0):

E =0. (23)

3. Data and Estimation Method.

3.1 Database.

The systems of equations formed by (9), (15), and (21) and (23),
were respectively estimated for Brazilian data at different time fre-
quencies. Previous empirical work in the international literature
(Hansen and Singleton, 1982, 1983; Epstein and Zin, 1991) used
monthly data, arguing that they are more likely to capture the
agent’s timing decision. Moreover, these models are adequate for
aggregate consumption of non-durable goods data®. We used con-
sumption and asset return series in two different frequencies: annual,
because it is the officially published series for national consumption
(although it might not fully capture the agent’s timing decision and
does not distinguish between durable and non-durable goods), and

4See Bernanke (1985) for an explanation on the durable-good problem.
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quarterly, which was constructed from the annual series, but, does
not distinguish durable from non-durable goods.

We also considered using a monthly production series, of do-
mestic non-durable goods for the city of Sao Paulo as a proxy for
monthly non-durable goods consumption. Unfortunately, this series,
besides only having regional coverage, also has a structural break for
1990:1, when its level changed 50% relative to the previous month,
which represents an outlier behavior for a consumption proxy?®.

The annual nominal aggregate consumption data, from 1975 to
1994, were obtained from FIBGE’s® national accounts. To obtain real
aggregate consumption, this series was deflated by a general price
index — IGP-DI. As the model requires real aggregate consumption
per capita, real consumption was divided by population, also pub-
lished by FIBGE. For quarterly frequency, aggregate consumption
data is not directly calculated in national accounts, although we do
have GDP series and gross fixed investment series for that time fre-
quency. For the 1975:1 to 1994:4 we used the same series as in Reis
et alli (1998), where the quarterly gross fixed investment and current
account balance series were subtracted from the quarterly nominal
GDP series, in order to obtain a quarterly nominal consumption se-
ries. The nominal aggregate consumption series was then deflated by
IGP-DI and, subsequently, real consumption per capita was obtained
by dividing it by the population series”. The real per capita con-

®We thank an anonymous referee for pointing this out. A previous version of this article
contains the analysis of that monthly series.

$The aggregate consumption series from national accounts, is calculated as a residual, and is
subject to measurement error. GMM estimation (and the over-identification test) allows inferring
if those errors affect the estimates. For a more detailed description of the problem, see Reis et alli
(1998).

7 As there is no available quarterly data for poupulation, a linear interpolation on the annual
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sumption series, was then seasonally adjusted, given that it showed
a strong seasonal component, which may be due to the fact that
the consumption series was obtained from GDP and gross fixed in-
vestment. We should point out that the series used in international
studies are also seasonally adjusted, which makes our results directly
comparable to them?®.

The interest rate series - return on government (federal) debt
(published by Andima, the National Association of Open Market In-
stitutions) - has as its source the Central Bank and were accumulated
to obtain the annual and quarterly series from monthly observations.

The asset return series used for the risky asset was the return
rate of BOVESPA. The monthly BOVESPA index for the 1975:1
to 1998:12 period was obtained from BOVESPA, and the monthly
observations were accumulated to obtain the quarterly series, which
was then deflated in the same way as the interest series.

Figures 1 and 2 show the data used here in annual and quarterly
frequencies respectively. It is worthwhile noticing the wide variation
of returns observed for the BOVESPA index.

series was done, once the population series is very smooth.

8The equations were also estimated for the quarterly series model without correcting the sea-
sonal adjustability but including seasonal dummies in the Euler Equations and the instru-
ments, in an identical procedure to Reis et alli’s(1998), making the results in that case directly

comparable.
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Figure 1: Data on Annual Freque
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Figure 2: Data on Quarterly Frequency
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3.2 GMM Estimation.

The basic idea of estimation by the generalized method of mo-
ments is to implement a parameter estimation procedure, derived
from some model (or not), that minimizes the sample analogue of
the population orthogonality conditions (also known as moment re-
strictions). Estimation by instrumental variables might be viewed as
an application of GMM, since it exploits the orthogonality between
the residual and the instrument set.

Since GMM-estimate properties have been exhaustively dis-
cussed in the literature on applied econometrics and macroeco-
nomics, it is not discussed here in any depth. As a reference for an
introduction to the method, see Hamilton (1994), and Davidson and
Mackinnon(1993). For a detailed explanation of GMM properties,
see Hansen (1982), and for an explanation on the method’s imple-
mentation and its representative consumer’s (CRRA) basic macro-
economic model application see Hansen and Singleton (1982). For a
fairly complete recent summary, see Matyas (1999).

To implement this technique we first select a set of instruments.
To achieve robust results, different instrument sets are employed,
following the previous literature. In order to identify the parameters
of interest, there must be at least the same number of orthogonality
conditions as the number of parameters. In general, models are over-
identified (more orthogonality conditions than parameters), meaning
that not all orthogonality conditions can be simultaneously satisfied
at the optimum. Hence, a weighting matrix is used to construct
a quadratic form which is then minimized. This weighting matrix
can also be optimally estimated. To check the robustness of the
results, different ways of estimating the optimum weighting matrix
were used: the Newey and West (1987) method with a fixed window
(denoted as F), the Newey and West (1994) method with a variable
window (denoted as NWV) and the Andrews’ (1991) method with a
variable window (denoted as ADW).
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The correct specification of each model estimated by GMM is
tested using the over-identifying restrictions test (see Hansen, 1982),
the (T x J) statistics, which has a x? asymptotic distribution, with
(r — k) degrees of freedom, where r is the number of orthogonality
conditions and &£ the number of parameters in the structural model.

4. Empirical Results.

In order to summarize the empirical results in the best possible
way, we proceed here as follows: first, the results for the structural
parameter estimates for each individual model are presented, with
comparisons of the intra-model estimates performed in the next three
sections. Second, all the empirical results are summarized and then
inter-model estimates are compared, in order to have a clear picture
of risk aversion, the inter-temporal discount rate, and inter-temporal
substitution of consumption for Brazilian consumers. This is done
in the fourth section, which also presents a comparison between the
empirical results for Brazil with those for the U.S. economy. For the
latter, we use as references Hansen and Singleton’s (1982, 1984) re-
sults for CRRA utility with monthly data, Epstein and Zin(1991) re-
sults for Kreps-Porteus utility with monthly data, and Runkle (1991)
results for CRRA utility with annual data.

4.1 CRRA utility function model.

The GMM estimate results for equation (9) are summarized in
Tables la through lc. Following Hansen and Singleton (1982) we es-
timated a system with two types of assets: a risk-free asset (govern-
ment bonds) and a risky one (Bovespa index). Each Table presents
the estimates obtained using different instrument sets and different
ways of estimating the weightning matrix, as described in the pre-
vious section. It is important to notice that the convergence of the
non-linear algorithm for the estimates was not achieved in all cases
and our results list only results where convergence was achieved.
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Table 1: CRRA Utility — Euler Equation System

1=E; [ﬁ (gé_?")—q (1 +Rfi,t+l)jl Vi=1,..,N

where N=2, and Rji:i1=Ibovespa Returns and R2:y1=Returns on Government
Bonds

(a)annual data

Inst./Mtx. I} ~y TxJ
14/F 0.894** 4.810** 6.774
(0.021) (0.238) (0.872)
I7/ADW 0.890** 4.970** 10.200
(0.04) (0.34) (0.598)
I8/ADW 0.740** 6.810** 11.050
(0.04) (1.09) (0.525)
18/F 0.830** 6.600** 6.630
(0.03) (0.53) (0.881)
I7/F 0.640** 4.490** 13.010
(0.04) (0.66) (0.327)
I7/NWV 0.900** 6.820** 9.010
(0.04) (0.31) (0.702)
14/ NWV 0.890** 5.790** 6.800
(0.02) (0.27) (0.871)
I19/ADW 1.010** 1.360 4.76
(0.03) (1.48) (0.575)
I9/F 0.990** 0.590 4.42
(0.02) (1.33) (0.620)
19/ NWV 1.000** 2.640* 4.08
(0.02) (1.37) (0.666)
Median
Estimates 0.89 4.89

Notes: (1) Inst. refers to the employed list of instruments . All of them contain a constant. In
addition I1 uses Rj,:4+1 and Ci41/C¢ lagged two periods, I2 uses R2 41 and Ct41/C: lagged
two periods, I3 uses Rj,: and Ct/Ct._1 lagged two periods, I4 uses Ri,:, Ro s and Ct/C:_1
lagged two periods, I5 uses R2,: and C¢/Ct—1 lagged two periods, I6 uses Ri,:41,R2,¢+1
and C:41/C: lagged two periods, 17 uses R1,t41 and R2,:4+1 lagged three periods, I8 uses
Ry,t—1,R2,:—1 and Cy_1/C¢—2 lagged two periods, 19 uses C:41/C: lagged two periods, I10
uses R1,:4+1 and Ci4+1/C: lagged one period, I11 uses Ri1,: and C¢/C:—1 lagged one period.
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(continued) Table 1: CRRA Utility — Fuler Equation System

(b)seasonally adjusted quarterly data

Inst./Mtx. 15} v TxJ
I3/F 0.995** 0.891** 6.468
(0.008) (0.701) (0.594)
I3/NWV 0.993** 1.255%* 5.700
(0.041) (0.618) (0.680)
13/ADW 0.991%** 0.856 7.768
(0.008) (0.789) (0.456)
14/F 0.981** -0.589 9.978
(0.006) (0.394) (0.617)
I4/NWV 0.982** 0.566* 7.192
(0.005) (0.316) (0.844)
14/ADW 0.987** 0.700 15.107
(0.007) (0.612) (0.235)
I6/F 0.993** 0.311 10.373
(0.005) (0.507) (0.583)
I6/NWV 1.000** 0.125 7.592
(0.005) (0.423) (0.816)
16/ADW 0.986%** 0.146 18.065
(0.006) (0.509) (0.113)
I7/F 0.986** 0.677 10.108
(0.007) (0.518) (0.606)
I7/NWV 0.992%* 0.399 7.335
(0.007) (0.402) (0.834)
17/ADW 0.988** 2.202* 11.539
(0.013) (1.227) (0.784)
Median
Estimates 0.99 0.62

In the estimates with seasonal dummies, these were also included as instruments in the
previous lists, though we kept the previous notation. (2) Mtx. refers to how the moment’s
restrictions variance co-variance matrix was estimated, where F denotes the use of the Newey and
West (1994) technique with fixed window, ADW denotes the use of the Andrews (1991) technique
with variable window, and NWV denotes the use of the Newey and West (1994) technique with
variable window.
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(continued) Table 1: CRRA Utility — Euler Equation System

(c)quarterly data with seasonal dummies

Inst./Mtz. Ié] ¥ TxJ
I3/F 0.978** 1.320** 10.129
(0.017) (0.485) (0.518)
I13/ADW 0.984** 1.287** 10.658
(0.022) (0.513) (0.472)
14/F 0.968** 1.373** 11.295
(0.016) (0.335) (0.731)
I14/NWD 0.970** 1.739** 9.323
(0.013) (0.300) (0.860)
14/ADW 0.979** 1.176** 13.748
(0.020) (0.402) (0.544)
16/F 0.963** 2.2284** 12.267
(0.024) (0.621) (0.658)
16/ADW 0.961** 1.6826** 15.244
(0.024) (0.565) (0.433)
I7/F 0.819** 4.7902%* 10.266
(0.045) (1.443) (0.802)
I7/NWV 0.776** 6.4381** 8.957
(0.042) (1.369) (0.879)
I17/ADW 0.843** 3.9593** 11.656
(0.047) (1.499) (0.704)
Median
Estimates 0.97 1.70

(3) The numbers in parentheesis, below each parameter estimate, are the respective standard-
deviation estimates, robust to heterocedasticity and to serial correlation of the moment’s restric-
tions. (4) Hansen’s (1982) over-identifying restrictions test statistic T°x J and its p-value are
respectively presented in the last column of each system estimate set. (5) The last line on the ta-
ble represents the median estimate for each group of estimates. (6) * and ** denote, respectively,

significance of parameters in a one sided t-test at the 5% and 1% levels.
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The results in tables 1a through 1c show that the system of Euler
equations was not rejected by the T' x J over-identifying restrictions
test in any case, at the usual significance levels. The estimates for 8
are, in general, very close to one (with a median of 0.99) for quarterly
data, although close to 0.9 for annual data. Note that estimates for
different time frequencies are only comparable if these were normal-
ized to a common time frequency, which corresponds to a quarterly
estimate of 0.96 in an annual basis.

The estimates for <y are less robust, especially if we compare the
results between tables 1b and 1c. For the former, we have positive
estimates between zero and one, but (with a few exceptions) not sig-
nificantly different from zero. For the latter, we have estimates above
one and significant in all cases. If we only consider results from table
1c we would have a risk aversion coefficient of approximately 1.70,
which seems reasonable a priori. The existence of no risk neutrality
(v > 0) obtained in table 1c is consistent with results of table 1la.
However, the result for annual data reveals a risk aversion almost
three times bigger than the average estimate for quarterly data with
seasonal dummies (4.89).

Given that, for both annual and quarterly estimates (with sea-
sonally adjusted dummies) relatively high values for v were obtained
with CRRA utility function, we conclude that relative risk aversion is
high for Brazilian consumers. In that sense, the seasonally adjusted
quarterly results, which reveal a median risk aversion estimate of
0.62, would be an exception. It should be emphasized that Hansen
and Singleton used similar seasonally adjusted data, a reason for
which we should not dismiss this last result here®.

°In light of the results with annual data, and considering that the only difference between
the quarterly data results is the way of modeling seasonality, we may conclude that the use of
seasonally adjusted series captures part of the cyclical growth variation of asset consumption and
return. If this were the case, it would be preferable to use seasonal dummies to isolate the seasonal
aspect of the data. If we compare table 1c with Reis et alli (1998), who also use seasonal dummies,
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4.2 External Habit Model.

Tables 2a and 2b summarize the main results of the estimation
of the system of Fuler equations (for both the risk-free and risky
assets) given by (15) - in annual and quarterly frequency (seasonally
adjusted data)'®. The notation followed is the same as in previous
tables, with small variations regarding the instrument set.

Results in table 2 are ambiguous, even thought the external habit
model is not rejected in any case by the over-identifying restriction
tests'!. The reason for this ambiguity is the fact that we found strong
evidence that x = 0 for quarterly data and that & # 0 for annual
data. Moreover, in most of the cases, we found two types of counter-
intuitive results that violate at least one of the external-habit model
basic assumptions. The first is that « < 0, and, at the same time y >
0, and the second is that £ > 0, and, at the same time v > 0. Notice
that there is no such case in which the estimates for both are positive
and individually significant. Anyway, the median estimate for =y is
1.10, which seems reasonable. The annual results for 8 indicate a
median estimate of 0.88, which seems reasonable, but rather low.
The inter-temporal elasticity of substitution in consumption ¥ (still
equal to 1/-) has a median of 0.91 for annual data.

fairly similar results are obtained, with a non-trivial estimate for the inter-temporal substitution
in consumption. Even so, the estimates for 3 in Reis et alli are considerably lower than ours.

*OThis model was not estimated using seasonal dummies, only with seasonally adjusted data,
which would be interesting for the purpose of comparison with Reis et alli’s results

111t is worth noting that, with annual data, achieving convergence for the GMM estimation
code was extremely difficult.
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Table 2: External Habit Utility — Euler Equation System

1 = E, [@ (-C%-;)K(M) (%)_‘5 (1+Ri,t+1)J Ni=1,..,N

where N=2, and R;,:+1=Ibovespa Returns and R»,+1=Returns on Government
Bonds

(a)annual data

Inst./Mtx. Ié) K v TxJ
I4/ADW 1.044** -0.792%* -0.709** 9.204
(0.010) (0.423) (0.458) (0.603)
1I8/ADW 0.751** -0.601%** 12.993** 7.140
(0.060) (0.167) (2.227) (0.787)
I4/NWV 0.860** -0.350%** 3.390** 5.280
(0.01) (0.10) (0.17) (0.917)
14/F 0.920** -11.88** 1.00%* 6.400
(0.01) (0.03) (0.12) (0.845)
14” /F 0.820** 0.570%* -1.600** 6.560
(0.03) (0.29) (1.60) (0.833)
I4” INWV 0.870** 0.660** -0.65%* 4.800
(0.01) (0.28) (0.72) (0.940)
I7/NWV 0.890** -0.520%** 60.28%* 6.29
(0.09) (0.04) (0.90) (0.901)
111/F 1.04%* 3.58 1.19 2.89
(0.03) (45.57) (2.32) (0.409)
Median
Estimates 0.88 -0.44 1.10

Notes: (1) Inst. refers to the utilized instrument list. All of them contain a constant. In
addition I1 uses Ry :41 and Ci41/C, lagged two periods,I2 uses R2,:4+1 and Ce41/C' lagged
two periods , I3 uses Ry,: and C¢/C:—1 lagged two periods, 14 uses Ry ¢, R2,: and C¢/Ct—1
lagged two periods, I5 uses R2,: and C:/Ci—1 lagged two periods, I6 uses Ry ¢41,R2,t4+1
and Ci41/C: lagged two periods, 17 uses Ri,:+1 and R2,:4+1 lagged three periods, I8 uses
Ry,t—1,R2,t—1 and Ci—1/C:—2 lagged two periods, 19 uses Cyy1/C: lagged two periods, 110
uses R3,t4+1 and Ciy1/C: lagged one period, I11 uses Ri,: and C:/C:—1 lagged one period.
In some cases, we used these same generic instrument sets (IJ) with an additional lag for the
consumption growth rate, denoted as 1J”. (2) Mtx. refers to how the momments restrictions
variance co-variance matrix was estimated, where the symbol F denotes the use of the Newey and
West (1994) technique with fixed window, ADW denotes the use of the Andrews (1991) technique
with variable window, and NWV denotes the use of the Newey and West (1994) technique with
variable window.
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(continued) Table 2: External Habit — Euler Equation System
(b)seasonally adjusted quarterly data

Inst./Mtx. B K ¥ TxJ
11" /F 1.004** 2.894** 0.614 5.332
(0.009) (0.566) (0.591) (0.619)
11” /ADW 0.995** 3.280 0.695 6.516
(0.009) (6.77) (0.620) (0.480)
14/F 0.987** 1.190 0.492 9.094
(0.007) (1.112) (0.370) (0.613)
14/ NWV 0.991** 0.679 0.436 7.130
(0.006) (0.454) (0.285) (0.788)
14/ADW 0.987** 3.442 0.833 13.172
(0.08) (11.89) (0.579) (0.282)
14" /F 0.979** 3.655 0.815 8.416
(0.008) (16.25) (0.529) (0.675)
14" INWV 0.979** 0.584 0.410 7.625
(0.007) (0.520) (0.484) (0.746)
16” /F 0.998** 1.533 0.413 9.663
(0.007) (1.350) (0.376) (0.560)
16" INWV 1.003** 0.524 0.498* 6.787
(0.005) (0.533) (0.278) (0.816)
16” /ADW 0.988** 1.563 0.654 14.321
(0.007) (2.46) (0.472) (0.215)
I7/NWV 0.956** 3.212 2.617* 6.537
(0.032) (2.206) (1.484) (0.835)
18/F 0.984** 0.694 -0.687 10.648
(0.007) (0.526) (0.799) (0.473)
18/ADW 0.986** 3.730** -0.336 13.421
(0.006) (0.521) (0.69) (0.266)
110" /F 0.994** 0.745 0.192 2.404
(0.008) (1.102) (0.580) (0.492)
110" /NWV 0.998** 0.967 0.302 2.424
(0.009) (1.386) (0.594) (0.489)
110" /ADW 0.992** 0.571 -0.028 2.359
(0.007) (0.424) (0.590) (0.501)
Median
Estimates 0.99 1.36 0.46

(3) The numbers in parenthesis, below each parameter estimates are the respective standard-
deviation estimates, robust to heterocedasticity and to correlation of the moments restrictions. (4)
Hansen’s (1982) over-identifying restrictions test statistic T'x J and its p-value are respectively
presented in the last column of each system estimate set. (5) The last line on the table represents
the median estimate for each group of estimates. (6) * and *" denote, respectively, significance

of parameters in a one sided t-test at the 5% and 1% levels.
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For quarterly data, sensible estimates for 8 are found in most
cases. However, for -y and x we find evidence that these are individu-
ally zero, with rare exceptions. Recall that, when x = 0, the external
habit model degenerates into the CRRA utility model. Notice that
there are some exceptions where we find evidence of non-separability
over time; see table 2b. In these cases, given the respective <y esti-
mates, we would conclude that agents are risk neutral. However, the
majority of the quarterly results on table 2b show a strong sign of
separability (i.e. « = 0). In this case, -y estimates in table 1 would
be more efficient than those in table 2, because in the CRRA utility
model has one less parameter than the external habit model.

4.3 Kreps-Porteus utility type model.

In Epstein and Zin’s original work (1991), estimation of the sys-
tem of Euler equations given by (21) and (23) was conducted using
five assets: the risk-free asset (government bonds) and four groups
of sectoral portfolio shares. However, a series on IBOVESPA returns
disaggregated by sector is not available. Hence, we only estimate the
parameters for the risk-free asset. The instrument sets are the same
of those of the previous models (noting that in most of the cases the
convergence of estimates was not achieved).

The choice of parameters to be directly estimated for the com-
bined system (21) and (23), was (8,7 and p), given that, this choice
better suited the numerical methods employed here. Since the pa-
rameters of interest are 3, ¥ and y'?, the estimates for % and -y were
obtained from % and p using the Delta Method (see Greene (1997)).

2 The 7 parameter interpretation was done in the original work, reflecting the agent’s preference
for a “late” or “recent” resolution of uncertainty.
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For quarterly data (table 3b), the over-identifying restrictions
tests did not reject the model for instrument sets: 13, 14, 17, 19, and
I10. In the cases where the model was not rejected, the estimates
of B were significant and high, varying between 0.94 and 0.98 - with
a median estimate of 0.96. In most of these cases, the estimates
for 1 were significantly different from 0, between [0.2, 0.3] (median
0.29). These estimates show that agents have some disposition in
altering their consumption patterns when facing variations of the
interest rate, i.e. some inter-temporal substitution in consumption.
In most of the cases where the model was not rejected, we found that
~ was statistically significant, which would lead us to a model with
expected utility and logarithmic preference. The median estimate
for v was 0.68.

The convergence of estimates, for annual data (table 3a), was
obtained in fewer cases and for fewer instrument sets. A median es-
timate of 0.93 was obtained for (3, although some estimates reached
values above one (I6-F). In most of the cases the parameter 9 was
significantly different from 0, with a median estimate of 0.24, a value
close to that for quarterly data. The parameter ¥ was statistically
different from zero in four cases, from a total of 9. This is more ev-
idence favoring a model with expected utility and logarithmic pref-
erences, the median estimate of v being 0.75.
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Table 3: Kreps-Porteus Utility — Fuler Equations System

c 2(p~1) 2, _ .
1=E, {ﬁ" (Z52)"" B;’+11(1+Ri,t+1)] Vi=1,...,N

l-ﬂ(%}.) (P_1)§t+1} nﬂl

I

Et =0

where N=1, and §t+1=1bovespa Returns and Rl,t+1=Returns on Government
Bonds, n=%, “’b:‘ii—p: y=l-c.

(a)annual data

Inst./Mtx. B p ® ~ TxJ
I4/NWV  0.934** 1.521%* -1.919*%*  0.032 5.185
(0.008) (0.256) (0.953) (0.175) (0.921
19/F 0.931** -3.192 0.238 2.797* 1.619
(0.005) (3.562) (0.202) (1.579) (0.655
I9/ADW  0.932%** -3.185 0.238 -0.802 1.615

)
)
(0.059)  (3.563)  (0.203)  (1.595)  (0.655)
110/ADW 0.820%%  10.567** -0.104**  -27.23%* 261
(0.104)  (2.878)  (0.031)  (8.735)  (0.455)
111/F 1.020%*  -0.289 0.775 1.308 2.403
(0.05) (1.870)  (1.125)  (1.998)  (0.493)
I11/NWV 0.975%*  -2.839 0.260%*  3.083**  1.989 |
)
)
)

(0.053)  (16.25)  (0.124)  (1.27) (0.544
19/F 0.94%* ~3.180 0.240 2.780 1.800

(0.06) (3.55) (0.20) (1.92) (0.610
16/F 1.19%* 0.130**  1.149%*  0.750 6.120

(0.03) (0.41) (0.54) (0.79) (0.865
I6/NWV  0.81** 4.390** -2.94** -5.360** 17.46

(0.02) (0.74) (0.06) (1.08) (0.095
Median

Estimates 0.93 0.24 0.75

Notes: (1) Inst. refers to the employed instrument list. All of them contain a constant. In
addition I1 uses R1,:4+1 and Ct4+1/Ct lagged two periods,I2 uses §t+1 and Ct4+1/C; lagged two
periods, I3 uses Ry : and C;/C:—1 lagged two periods, 14 uses R ¢, gt and C:/C:—1 lagged
two periods, I5 uses Et and C;/Ct—1 lagged two periods, I6 uses R1 ¢41, §t+1 and C¢1/Ct

lagged two periods, I7 uses R1,:+1 and §t+1 lagged three periods, I8 uses Ry ¢. 1, Et_l and
Ct_1/Ct—_2 lagged two periods, 19 uses C¢4+3/C: lagged two periods, I10 uses Ri,:+1 and

Ct+1/C¢ lagged one period, I11 uses Rl,t and C¢/C:_1 lagged one period.
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(continued) Table 3: Kreps-Porteus Utility ~ Buler Equations System

(b)seasonally adjusted quarterly data

Inst./Mtx. B p ) v TxJ
I12/ADW 0.947** 2.439** -0.694** 1.151 15.76
(0.010) (0.747) (0.114) (0.192) (0.027)
I3/F 0.946** -2.473* 0.287** -0.271% 8.85
(0.020) (1.408) (0.116) (1.07) (0.263)
I3/NWV 0.949** -2.447+* 0.290** -0.262 7717
(0.020) (1.27) (0.107) (0.921) (0.358)
I4/F 0.960** -2.47T** 0.287** -1.137** 10.725
(0.020) (1.17) (0.096) (1.158) (0.151)
I4/NWV 0.985** -1.166 0.375** -0.699 8.662
(0.019) (0.904) (0.127) (1.986) (0.653)
I14/ADW 0.946** -1.206 0.453** -0.111** 18.15
(0.019) (1.108) (0.227) (1.008) (0.078)
I7/F 0.966** -2.207 0.311** 0.802** 6.590
(0.016) (1.340) (0.122) (0.223) (0.831)
I7/AWD 0.969** -2.475%* 0.287** 1.193 7.524
(0.018) (1.665) (0.137) (0.453) (0.755)
I19/F 0.961** 1.517** -1.934 0.676** 1.694
(0.018) (0.666) (2.497) (0.349) (0.638)
19/ NWV 0.964** 1.401** -2.493** -0.632** 1.740
(0.017) (0.665) (4.204) (0.305) (0.628)
19/ADW 0.960** 1.676** -1.477 0.644 1.725
(0.018) (0.730) (1.595) (0.452) (0.631)
I110/ADW  0.963** -1.408 0.415 1.516 0.808
(0.025) (6.38) (1.100) (2.356) (0.847)
I11/F 0.957** -0.033 0.968 0.975 7.242
(0.020) (1.092) (1.168) (0.834) (0.064)
Median
Estimates 0.96 0.29 0.68

Notes: (2) Mtx. refers to how the moment’s restrictions variance co-variance matrix was
estimated, where the symbol F denotes the use of the Newey and West (1994) technique with
fixed window, ADW denotes the use of the Andrews (1991) technique with variable window,
and NWV denotes the use of the Newey and West (1994) technique with variable window. (3)
The numbers in parenthesis below the parameter estimates are the respective standard-deviation
estimates, robust to heterocedasticity and to serial correlation of the moment'’s restrictions. (4)
Hansen’s (1982) over-identifying restrictions test statistic T % J and its p-value are showed in the
last column of each system estimate set. (5) The last line on the table represents the median
estimate for each group estimates. (6)* and ™ denote, respectively, significance of parameters in
a one sided t-test at the 5% and 1% levels.
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The idea behind using the Kreps-Porteus utility function to solve
the U.S.equity premium puzzle is that of adding more noise to the
pricing kernel (via the inclusion of the aggregate uncertainty term)
to generate a higher co-variance (in absolute terms) with the as-
sets return rate, given that, the aggregate consumption series is very
smooth. The above results show that, for Brazilian data, the Kreps-
Porteus utility type model is not capable of altering the basic model’s
results. First, because it is not applicable to some instrument sets
(over-identifying restrictions tests). Second, because it shows evi-
- dence of non-rejection of risk neutrality. The major benefit of using
this type of specification refers to the dissociation between the inter-
temporal elasticity of substitution estimate and the risk aversion
coefficient. Here, the estimates for the first were relatively low — a
median elasticity of 0.24 for annual data and 0.29 for quarterly data.
Also notice that these values are in line with similar results using
power utility (CRRA) — median of 0.21.

4.4 Summarizing Brazilian results and comparing them with
U.S. results.

A summary of median Brazilian results using three types of util-
ity function is presented in Table 4. The results for 5 the discount
rate are reported in terms of annual equivalent rate, in order to al-
low inter-model comparisons. The results can be summarized in the
following way:

1. The estimates for the discount rate 8 vary between 0.85 and
0.96 in an annual basis. Hence, for the Brazilian economy, a value
of around 0.90 in annual basis would be reasonable.

2. The relative risk aversion coefficient estimates 7 were not
robust, because there is strong evidence of risk neutrality, as well
as of high risk aversion — estimates between 0.5 and 1 for neutrality
and in the other case an extremely high median of 4.89. Therefore,
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it is difficcult to choose a representative value for the risk aversion
coefficient of the Brazilian economy. Given the potential problem of
using seasonally adjusted data (instead of seasonal dummies for the
regressions) as discussed above, it may be preferable to use annual
data results. These would point to a moderately high average relative
risk aversion, coefficient between v = 1.10, for the external habit
model and v = 4.89, for the CRRA utility model.

3. With the exception of the external habit models, the inter-
temporal substitution in consumption results point to an inter-
temporal elasticity 9 that is low, predominately around 0.25. Also,
as in the case of relative risk aversion coeflicient, there are some
inconsistentencies between estimates.

The comparison between Brazilian and U.S. estimates are per-
formed using tables 4 and 5. It is preferable to compare results from
equivalent models and identical time frequencies (or as close as pos-
sible, such as quarterly and monthly). After comparing results we
conclude the following:

1. The Brazilian consumer is more impatient than the U.S. con-
sumer, since the discount rate is higher for Brazil (close to 0.9) than
for the U.S. (close to 1.0).

2. Brazilians are more risk averse than U.S. consumers, with risk
aversion levels up to two to three times higher: 4.89 versus 0.62 and
0.62 versus 0.14, depending on the time frequency of the data. An
exception is accounted for in the results where Kreps-Porteus utility
was used, where U.S. inhabitants have a higher risk aversion: 1.02
versus 0.64. It is worth reporting that o was not significant in most
of the estimates for Brazil and in Epstein and Zin(1991) for the U.S.
Therefore, there might be no differences between Brazilian and U.S.
consumers for the Kreps-Porteus specification.

3. Brazilians have an inter-temporal elasticity of substitution
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in consumption 1/ lower than that of U.S. consumers, with median
values at least half of theirs: 0.21 versus 0.45, 1.61 versus 7.14, and
0.29 versus 0.72. This result is not surprising given the incipient
Brazilian capital market in comparison to the international pattern
(see liquidity-constraint in Reis et alli (1998)).

Table 4: Summary of Results for Brazil using Median Estimates

Annual data Seasonally Adjusted Quarterly Data
BRAZIL
CRRA External Kreps- CRRA  External Kreps-
Habit Porteus Habit Porteus

B (discount rate) 0.890 0.880 0.930 0.960 0.960 0.850
7 (relat.risk aversion) 4.89  1.10 0.75 0.62 0.46 0.64
2 (IES) 0.21 0.91 0.24 1.61 2.17 0.29

Notes: the results hereby reported were extracted from tables 1, 2 and 3. To allow the
comparison of estimates in different 3 frequencies, they were all transformed into the corresponding

equivalent annual rates.

Table 5: Summary of Results for the USA using Median Estimates

Annual data Seasonally Adjusted Monthly Data
U. S. A.
CRRA External Kreps- CRRA  External Kreps-
Habit Porteus Habit Porteus
B (discount rate) - - - 0995 - 0.980
¥ (relat.risk aversion) 2.25 ~ - 0.14 - 1.02
1 (IES) 045 — - 7.14 - 0.72

Notes: (1) To allow the comparison of estimates in different 8 frequencies, they were
all transformed into the corresponding equivalent annual rate. (2) The results using
the CRRA function and annual data were extracted from Runkle (1991, Table 2,
column 1). (3) The results using a CRRA function, for monthly data, were extracted
from Hansen and Singleton (1984, Table 3, column 2). Note that that result was
reported in an errata to the 1982 article. (4) The results using Kreps-Porteus utility
and monthly data were extracted from Epstein and Zin (1991, table 4).
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Finally, it is worth discussing the existence or not of the equity
premium puzzle, in the context of the Brazilian economy. The first
formal econometric tests with Euler Equation systems were imple-
mented by Hansen and Singleton (1982) on the CRRA utility model
using Hansen’s (1982) T x J test. Hansen and Singleton (1984, table
3, column 2)** reported that, at the 5% significance level, system
(9) is rejected for all possible instruments list (a total of six). These
results were maintained even when varying the utility function, be-
cause Epstein and Zin (1991, table 4), using Kreps-Porteus utility,
rejected the model in four occasions (out of six possible ones). Hence,
there is weak empirical evidence for the validity of the restrictions
implied by CCAPM for the U.S. economy.

For Brazil the opposite is true. In Hansen’s T x J tests, virtu-
ally all models had a strong empirical support. The only exception
was the Kreps-Porteus utility model, which was rejected in a small
number of cases (4/22). Therefore, a conclusion emerging from our
empirical results is that there is no equity premium puzzle for Brazil.
Notice that this occurs regardless of utility function, the time fre-
quency of the data, and the instrument list used, which makes this
result relatively wide and robust.

Obviously, a detailed investigation of a Brazilian equity premium
puzzle is beyond the scope of this article, nonetheless a preliminary
investigation into the matter is appropriate. Let’s suppose that for
equation (9) two Brazilian assets are considered: returns from gov-
ernment bonds R,; and returns from a stock index Rj;. Combining
both equations we have:

Cep1) '
0=E | C. (Rat+1 — Ri+1)

13 Note that this article is an errata of the 1982 original article.
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Taking the unconditional expectation of the above expression, using
the Law of Iterated Expectations:

Cerr\ 7"
O0=F |8 c, (Rot41 — Rig1) | -

Now, if we knew the value for population parameters 8 and v we
~

could simply test if S (C“’l) (R2,t+1 — Ri,t41) was zero on aver-

age, which is a simple statistical test.

Although we do not know the population values for 8 and -,
we will use here in this preliminary investigation their respective
median values in annual frequency: 8 = 0.89 and v = 4.89; see Ta-

—
ble 1a. In that case, the average for (C‘“) (Ra,t+1 — R1,t41)

is 0.257 for annual data, which seems to be a high value. How-
ever, the estimated standard-deviation is also high (0.748), resulting

-
B(%2)  (Ropn = Ragn)| is

not significantly different from zero at the usual levels of 5% and
10%. What seems to happen in that case, is that the variance of

-

6 (ggfi) (Ra2,t+1 — Ry ¢41) is too high, although the sample aver-

age is also high. Using Figure 1, it is clear that the high variance
-

of B (%—”:1) (R2,¢+1 — Rit41) is a result of the high variance of

(Ra,t41 — R1,t41)**. Therefore, there is no equity premium puzzle for
Brazil due to the great variation observed for the equity premium.

in a t-statistic of 1.496. Thus, F

It is worthwhile investigating the non-existence of the equity pre-
mium puzzle for Brazil from a different perspective. If we use annual
data to compute the Brazilian equity premium, we obtain an average

c
145ee also Bonomo and Domingues(2000) who argue that étz

is also relatively volatile.
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of 29.06% per year for the 1975-1994 period. Compared to the U.S.
long-term value (1889-1978) of 6.18% per year, the risk premium here
is almost five times that of the U.S. Even taking into account that
that the 20-year performance may not be maintained in the very long
run, the Brazilian equity premium is impressive. However, equally
impressive is its estimated 94.22% standard deviation. Hence, if we
test the null hypothesis that F (Rg:+1 — R1,t+1) = 0, we arrive at
a t-statistic of 1.379, which does not reject the hypothesis that the
Brazilian equity premium is zero at the usual significance levels. Seen
from this perspective, there is no equity premium puzzle for Brazil
because there is no equity premium either.

If the same type of test is carried out for the U.S. economy, using
the returns from the Dow-Jones index and the interest rate from
one-year U.S. Treasury Bills'®, we get opposite results. The null
hypothesis of E (Rg,:41 — R1,t41) = 0 is rejected at the 5% level,
with a t-statistic of 1.99. Hence, in the U.S., there is both equity
premium and equity premium puzzle.

5. Conclusions.

The purpose of this article was to present estimates for the risk
aversion coefficient, the discount rate of the future utility, and the
inter-temporal elasticity of substitution in consumption for Brazil.
We used three different utility function specifications in the CCAPM.
In each case, starting from Euler Equations, we estimated these
structural parameters using the generalized method of moments
(GMM) and tested the model’s over-identifying restrictions using
Hansen’s (1982) T' x J test.

The results allow us to make some inference about each model’s

15Both series were extracted from the DRJ (Citibase)’s database, from the 1974:1 up to 1999:1

period, in monthly frequency.
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performance in the Brazilian case and about the Brazilian consumer’s
behavior when facing risk, inter-temporal substitution in consump-
tion, and future utility discount. These can be summarized in the
following way:

1. A reasonable estimate for the discount factor (8 in Brazil is
0.90. When comparing Brazilian and U.S. consumers it is obvious
that the Brazilian consumer is more impatient than its U.S. coun-
terpart, who has a discount factor close to one.

2. We may conclude that the inter-temporal elasticity of sub-
stitution in consumption is not very high in Brazil, with values pre-
dominately close to 0.25. This can be interpreted in two opposite
ways: as more evidence of consumption smoothing, or, as evidence
that the Brazilian consumer is liquidity constrained®®.

3. We found ambiguous results for relative risk aversion: for the
CRRA utility model, using annual data, we found relatively high risk
aversion values (a median of 4.89). For all other models and time
frequencies, we arrived at a relative risk aversion that was predomi-
nately within the [%, 1] interval, with strong evidence of risk neutral-
ity. In the international comparisons, we concluded that Brazilians
are more risk averse than U.S. citizens. However, it is worth empha-
sizing that for the Kreps-Porteus utility model we found evidence to
the contrary.

Although we cannot be conclusive regarding the inter-temporal
elasticity of substitution in consumption, we should prefer low elas-
ticity estimates, which was the predominant result for annual data.
Notice that this result is consistent with the existence of an incipient
credit market in Brazil. Regarding relative risk aversion, a high risk
aversion result must be preferred for two reasons: (i) the results of

18This conclusion is in accordance with estimates done for Brazilian data in Reis et alli (1998),
in which it was estimated that 80% of Brazilian consumers are of the restricted type, in the
Campbell and Mankiw (1989) sense.
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low risk aversion were obtained for Kreps-Porteus utility, the only
model that showed signs of not being consistent with the data in test-
ing, and (ii) we have, for annual data, strong evidence of high relative
risk aversion; see the discussion above on seasonal adjustment.

In Hansen’s over-identifying restriction tests, the estimated mod-
els were rarely rejected, which lead us to conclude that, contrary to
the U.S. case, there is no equity premium puzzle for Brazil. Accord-
ing to our preliminary investigation, the non-existence of the equity
premium puzzle is due to the fact that the Brazilian equity premium
is very volatile. As a consequence, we cannot reject that the hypoth-
esis that the Brazilian equity premium is statically zero. Thus, we
concluded that there is no equity premium puzzle for Brazil because
there is no equity premium.

Finally, the three models estimated here could be evaluated in
an alternative way. In the over-identifying restrictions tests, the
only specification that was rejected by the data was the model with
Kreps-Porteus utility. However, it is well known that the T' x J test
has low power (see Newey (1985)). We could find alternative ways of
choosing models using a different specification test. Diebold, Oha-
nian and Berkowitz (1998), among others, propose an interesting way
of evaluating models, that compares data and models in all frequen-
cies, weighting the differences between them using different weights
depending on the frequency. This “weighted distance” between data
and models can be used to evaluate the latter.

Submitted in July 2000. Revised in July 2001.
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