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n 	 Introduction

Modern portfolio theory is attributed to Markowitz (1952, 1959).  
Sharpe (1964), Lintner (1965), Mossin (1966) and others have utilized 
the choice-theoretic structure of the Markowitz model as the basis for 
a positive theory of equilibrium capital asset pricing under conditions 
of uncertainty. The Sharpe-Lintner-Black� Capital Asset Pricing Model 
(CAPM) is the one that financial managers use most often for assessing 
the risk of the cash flow from a project and for arriving at the appropriate 
discount rate to use in valuing the project. According to the CAPM, (a) 
the risk of a project is measured by the beta of the cash flow with respect 
to the return on the market portfolio of all assets in the economy, and (b) 
the relationship between required expected return and beta is linear.

The latter is known in financial literature as the static version of the 
CAPM, which assumes that i) all assets are readily marketable so that 
each investor is free to adjust his or her portfolio to an optimum, and ii) 
that beta is constant over time.  In reality, however, every investor has 
nonmarketable assets, or assets that he or she will not consider market-
ing –either for personal choice, regulation or due to the inherent charac-
teristics of the asset.  

On the other hand, there is substantial evidence that conditional betas 
and expected returns depend on the nature of the information available 
at any point in time and vary over time.�  Specifically, there is a gen-
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eral agreement in the literature that stock prices vary over the business 
cycle.�  Hence, one may suspect that the market risk premium will also 
vary over the business cycle.  

This paper is an attempt to explain some of the anomalies of the stat-
ic CAPM. Therefore, following Mayers (1972), we include a measure 
of the return on human capital when measuring the return on aggregate 
wealth, and in line with Jagannathan and Wang (1996), we decompose 
the conditional beta to include a beta-prem sensitivity of the asset, which 
measures the instability of the asset’s beta over the business cycle, that 
is, the sensitivity of conditional beta to market risk premium.

Using monthly data for the period January 1999-August 2008 for 
Mexico, we find that empirical support for both the static CAPM and our 
conditional CAPM specification. When betas and returns are allowed to 
vary over time by assuming that the CAPM holds period by period, the 
market beta remains significant.  When a proxy for the return on human 
capital is also included in measuring the return on aggregate wealth, the 
explanatory power of the model is improved, and time variation effects 
continue to be significant. Size effects are found, but they are weak. 
Although the conditional model performs better than the static model, 
the proportion of the variation in monthly average returns that the two 
models explain is very similar, approximately 50 percent.

The remainder of the paper is organized as follows. Section develops 
the conditional CAPM specification. Section 3 and 4 describe the model 
specifications and data used in the study, respectively. Section 5 presents 
the results and section 6 concludes the paper.

n 	 The conditional CAPM

The Black (1972) version of the CAPM estimates the return on any as-
set i as 

(1)			 E[Ri,t ] = γ0 + γ1 βi 	

where βi is defined as
   

(2)			  βi = Cov(Ri,t,Rm,t)/Var(Rm,t)	

vigson (2001), Campbell and Vuolteenaho (2004), Jostova and Philipov (2005), Petkova 
and Zhang (2005), Lewellen and Nagel (2006), and Ang and Chen (2007).

�	 Keim and Stambaugh (1986), Fama and French (1989), and Chen (1991) provide empiri-
cal evidence that supports this view.
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and E(·) denotes the expectation. This version of the CAPM is called the 
static CAPM, since βi is constant, or unconditional CAPM, since condi-
tional information plays no role in determining excess returns.  

Following Merton (1980), it will be assumed that the CAPM will 
hold in a conditional sense.  Therefore, for each asset i in each period t

(3)			 E[Rit|It-1] = γ0t-1 + γ1t-1βit-1 

where βit-1 is the conditional beta of asset i defined as 

(4)			 βit-1 = Cov(Rit, Rmt|It-1)/Var(Rmt|It-1)	  

The subscript t indicates the relevant time period. Rit denotes the re-
turn on asset i in period t, and Rmt the return on the aggregate wealth 
portfolio of all assets in the economy in the period t. Rmt is referred to as 
the market return.  It-1 denotes the common information set of the inves-
tors at the end of period t-1. γ0t-1 is the conditional expected return on a 
“zero-beta” portfolio, and γ1t-1 is the conditional market risk premium.

Since the aim of this study is to explain the variations in the uncon-
ditional expected return on different assets, we take the unconditional 
expectation of both sides of equation (3) to get 

(5)			 E[Rit] = γ0 + γ1 βi + Cov(γ1t-1, βit-1)	  

where

		 γ0 = E[γ0t-1]      γ1 = E[γ1t-1]      βi  = E[βit-1] 

Here, γ1 is the expected market risk premium, and βi is the expected 
beta.� 

Jagannathan and Wang (1996) show that the conditional beta (which 
is a random variable) can be decomposed into three orthogonal parts ac-
cording to the following equation

 
(6)			 βit-1 = βi + υi(γ1t-1-γ1) + ηit-1

Substituting equation (6) into (3)we get 
		

(7)			 E[Rit] = γ0 + γ1 βi + Var(γ1t-1)υi 	        

�	 Note that expected betas are not the same as unconditional betas.
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Hence, the unconditional expected return on any asset i is a linear 
function of its expected beta and its beta-prem sensitivity. The larger 
this sensitivity, the larger the variability of the above second part of 
the conditional beta. In this sense, the beta-prem sensitivity of an asset 
measures the instability of the asset’s beta over the business cycle. 

It is assumed that the market risk premium is a linear function of 
Rt−1

prem, the market premium (in this case, the spread between corporate 
and government rate on short term debt). The premium beta is then de-
fined as

(8)			 βi
prem= Cov(Ri,t,Rt−1

prem)/Var(Rt−1
prem)	

Following Mayers’ (1972) work, our proxy for the market return in-
cludes a measure of return on human capital.� The specification of the 
CAPM explicitly accommodating human capital would have two factors 
as a proxy for the return on the market portfolio: the return on a value-
weighted stock index, Rt

vw, and the labor income growth, Rt
labor.   There-

fore, it is assumed that the market return is a linear function of Rt
vw and 

Rt
labor, and that there are some constants φ0, φvw, and φlabor such that

(9)			 Rmt = φ0 + φvw Rt
vw + φlaborRt

labor

Additionally, we define the value-weighted stock index beta and the 
labor beta, respectively, as

(10)  	 βi
vw = Cov(Ri,t, Rt

vw )/Var( Rt
vw )	

(11)	 βi
labor = Cov(Ri,t, Rt

labor )/Var( Rt
labor )	

All the above discussion leads us to specify the model for this em-
pirical study as

(12)	 E[Rit] = c0 + cvw  + cprem  + clabor 	

according to which the unconditional expected return on any asset is a 
linear function of its three betas only. 

�	 The idea that stocks form only a small part of the total wealth is also shared by Stambaugh 
(1982), Diaz-Gimenez (1992) and Jagannathan and Wang (1996).
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n 	 Econometric tests

We examine whether any residual effects exist by including the loga-
rithm of the market value of the portfolio into the model in equation 
(12) to get

(13)	 E[Rit] = c0 + cvw  + cprem  + clabor
vw

+ csizeMVit	

where MV is the size of the portfolio measured as the logarithm of the 
weighted average of the market capitalization (in million pesos) of the 
individual stocks forming portfolio i in month t.� 

The subscript t in equation (13) denotes month. Instead of using the 
common procedure of calculating the average of the 116 monthly-return 
observations (January 1999-August 2008) and use that as the only ob-
servation for portfolio i in the database, we chose a recursive analysis 
in which we calculate the average monthly returns for each of the 15 
portfolios using the returns for the previous 24 months. We repeated 
this procedure month by month accounting for the rebalancing of the 
portfolios. By doing so, we are in fact back-testing the conditional (and 
static) CAPM. That is, we are testing if the model can explain the av-
erage of monthly past returns of the portfolios using present and past 
information.�

The betas of equation (13) are recalculated for each observation us-
ing the information for the previous 24 months.� The values for βit

prem

used in the regressions are the part of this beta that is orthogonal to a 
constant and βit

vw.10  Similarly, the values used for βit
laborare the part of this 

beta that is orthogonal to a constant, βit
vw, and βit

prem .11

The unconditional models in equations (12) and (13) are estimated 
using the Least Squares Dummy Variable (LSDV) and within effect esti-
mation methods for the time-series cross-sectional data described below.  
We use fixed effects regressions and robust standard errors. The models 

�	 Market capitalization values are taken from Economatica and are used in constant terms 
as of August 31, 2008.

�	 Treviño (2009) provides a forward-testing study for the CAPM using monthly returns for 
Mexico on the same portfolios analyzed here.

�	 Using the common procedure of averaging monthly returns for each portfolio would 
reduce drastically the sample size hindering us from making inferences from the 
results.

10	 We estimated equation (1), the static CAPM, and regressed its residuals to a constant, the 
market beta, βit

vw, and the beta-prem, βit
prem.  The coefficients of beta-prem in the second 

regression are the orthogonal part mentioned.
11	 This allows to test for the isolated effect of βit

prem

 
and βit

labor in our models.  
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were estimated using Stata. Since the model in equation (13) nests the 
static CAPM (of equation 1) as a special case, it facilitates the compari-
son of the two models.12 For comparing the relative performance of the 
different empirical specifications, we use the R2 in the panel data regres-
sion as an intuitive measure, which shows the fraction of the variation of 
monthly returns that can be explained by the model. 13

n 	 Data

Monthly average returns were computed for the period January 1999-
August 2008 for 15 diversified portfolios of Mexican common stocks. 
The individual stocks were then combined to form portfolios without al-
lowing borrowing or lending at the risk-free interest rate. The portfolios 
were selected such that they lie on the mean-variance (efficient) frontier 
and the stocks used to construct the portfolios were those most actively 
traded in the Mexican Stock Exchange (BMV) for the period of study, 
on daily basis. The monthly return on each portfolio is the weighted 
average of the current monthly returns on the individual stocks form-
ing the portfolio. The monthly average return is calculated using the 
returns on the previous 24 months.  The average return on each of these 
portfolios is then computed for the following 12 calendar months. The 
selection procedure is repeated each calendar year, thereby allowing for 
the rebalancing of the portfolios. This gives a time series of monthly 
returns with 116 observations for each of the 15 portfolios. The return 
on the value-weighted stock index is measured as the monthly return on 
the Mexican Stock Exchange Index (Índice de Precios y Cotizaciones, 
IPC). Monthly returns are calculated as the change in the logarithm of 
the closing prices of consecutive months. Closing prices are taken from 
Economatica database. 

We chose the spread between the short-term rate of corporate debt 
and the 6-month Treasury bill rate as a proxy for the market risk premi-
um.  The short-term corporate debt rate is taken from Mexico’s Central 
Bank (Banco de México) statistics and the 6-month Treasury bill rate is 
taken from infosel financiero database. 

The return on human capital is proxied by the monthly rate of growth 
on minimum labor income in Mexico, which is an average of the mini-

12	 Note, however, the change in notation for γ0 , γ1 and βi to c0, cvw and βi
vw between models  

(1) and (13).
13	 The .xtreg command of Stata produces the correct parameter estimates and adjusted stan-

dard errors, but does not adjust the R square. The adjusted R square was obtained by using 
the .areg command.



Diversified returns, aggregate wealth and varying market risk:... n 133

mum daily salary paid in the country. Data are taken from the Índice 
Real de Salario Mínimo General published by Banco de México. We 
use a two-month moving average in the per capita labor income index to 
minimize the influence of measurement errors.  All rates of return used 
are in real terms.

n 	 Empirical Results

The static model proves significant and explains about 47 percent of re-
turn variations. The estimation results for the conditional CAPM model 
including human capital are presented in Panel A of Table I. The esti-
mated value of clabor is significantly different from zero at the 1 percent 
level.  Compared to the static CAPM model, both, cvw and cprem remain 
significant and show the expected positive sign. When size is added to 
the model one can see that size does not really explain what is left un-
explained by this model after controlling for sampling errors. The R² of 
48.40 percent this model shows an improvement compared to the un-
conditional CAPM, and although it explains almost half of the variation 
of the average returns, there remains a great deal of variation that the 
model leaves unexplained, at least for the sample employed.

When size is added to the specification, all beta coefficients present 
the expected sign. On the other hand, the estimated value of the average 
zero-beta rate (c0) is rather high when compared to the monthly average 
real rate of return of CETE28 for the period of study (0.34 percent).14  
Hence, there is cause for concern even though our conditional CAPM 
specification does slightly better than the static CAPM in explaining the 
time-series cross-section of monthly average returns.

In order to determine whether human capital return is the driving 
force behind the results, the following model is examined:

(14)	 E[Rit] = c0 + cvw βit
vw + clabor βit

labor,	

where the static specification of the CAPM is augmented by the growth 
rate of minimum labor income, which is included in the proxy for the 
market return.  The estimated results for this specification are presented 
in Panel B of Table I. The coefficient corresponding to the growth rate 
of labor income is significant. Judging from the R², we can see that this 
specification explains only a slightly higher proportion of the monthly 

14	 CETE28 is the Treasury bill of the Mexican sovereign government with a 28-day maturity, 
which is the one-month risk-free rate of return in Mexico.
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average returns as the static CAPM, and that there is only a weak resid-
ual size effect. This suggests that it is necessary to allow for time varia-
tions in betas as well in order to explain the time-series cross-section of 
monthly returns in stock portfolios.

Table 1
Results for CAPM specifications with human capital proxy

R-squares are reported as percentages.

Fuente: Estimated own (proper).

n 	 Concluding remarks

Using data for the Mexican stock market, we find empirical support 
for our conditional CAPM specification. When betas and returns are 
allowed to vary over time by assuming that the CAPM holds period 
by period, the market beta and size effects remain significant. When 
a proxy for the return on human capital is also included in measuring 
the return on aggregate wealth, the explanatory power of the model is 
improved, and size and time variation effects continue to be significant. 
Although the conditional model performs better than the static model, 
the proportion of the time-series cross-section monthly returns that is 

Panel A. The Conditional CAPM with Human Capital

Coefficient c0 cvw cprem clabor csize R-square

Estimate -0.006 0.036 1.251 1.098 48.4

t-value -5.090 25.270 6.720 4.120

p-value 0.000 0.000 0.000 0.001

Estimate 0.024 0.030 1.430 1.322 -0.002 49.08

t-value 3.060 10.630 10.100 4.910 -4.420

p-value 0.008 0.000 0.000 0.000 0.001

Panel B. The Static CAPM with Human Capital
Coefficient c0 cvw cprem clabor csize R-square

Estimate -0.005 0.035 0.887 47.37

t-value -4.500 24.920 4.020

p-value 0.000 0.000 0.001

Estimate 0.018 0.030 1.034 -0.002 47.75

t-value 2.710 12.520 4.330 -3.990

p-value 0.017 0.000 0.001 0.001
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explained by both specifications is very similar and close to 50 percent. 
We, therefore, reject the flat-relation between expected returns and mar-
ket betas as empirical evidence in favor of the static CAPM, but did not 
find evidence supporting previous claims that the conditional CAPM 
performs substantially better than the static CAPM.  In any case, the 
conditional model does just as well as the static model.
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