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1. Introduction 

The elasticity of the intertemporal substitution (EIS hereafter) is one of the key 

preference parameters of investors’ intertemporal investment decisions. However, its 

estimation remains controversial. There is no consensus on whether it is significantly 

different from one or, even whether it is significantly above zero. The theoretical and 

empirical approaches have put either the representative consumer or the 

representative stockholder consumer as the center of the discussion and estimation.  

Our paper steps away from the traditional use of the average households to 

measuring a financial intermediary stochastic discount factor (SDF hereafter). In 

particular, we link the SDF pricing framework with the funding capacity of financial 

intermediaries. To motivate our estimation strategy of the EIS, note that Muir (2014) 

argues convincingly that the expected market risk premium rises substantially in 

financial crises, but relatively less in economic recessions or wars. Aggregate 

consumption growth shows precisely the opposite behavior. This is consistent with the 

importance of wealth of financial intermediaries for asset prices. Adrian et al. (2014) 

argue that the marginal utility of the wealth of financial intermediaries is a more 

informative SDF than the marginal utility of consumption of the representative 

household. These authors show that a one-factor model based on shocks to the leverage 

of security broker-dealers prices significantly the cross-section of size, book-to-market, 

momentum, and bond portfolios. The performance of this new single-factor model 

presents similar performance to that of the traditional multi-factor models. Our results 

should be understood in this context. Therefore, we suggest that the estimation of the 

EIS using leverage may be a reasonable approach to better capture the behavior of time-

varying expected returns, and the estimation of preference parameters implicitly related 
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to that behavior. Our argument is that the representative intermediary investor should be 

the focus on the estimation of the EIS.  

Throughout the paper, we assume that the representative economic agents, either 

the average household or the average financial intermediary, have recursive preferences 

as suggested by Epstein & Zin (1989, 1991). This is particularly useful because this 

setup breaks the link between risk aversion and the EIS. It is not clear, however, that the 

Epstein-Zin framework provides enough structure to incorporate an explicit dependency 

of the equilibrium price of risk on leverage, which is the proxy for the marginal utility 

of wealth of financial intermediaries. As we explicitly recognize later in the paper, our 

estimation strategy implicitly assumes that the variances of consumption growth, market 

portfolio return, and leverage growth are affine functions of leverage. And this is 

precisely because the equilibrium prices of risk depend on leverage. To justify this 

approach, we can think of an intertemporal capital asset pricing model (ICAPM) context 

within the discrete-time approximation of Campbell (1993, 1996) under the Epstein & 

Zin (1989, 1991) preference framework.  Note that, in this context, we cannot replace 

the consumption growth rate by any variable. First, the state variable we employ must 

forecast the first or second moments of aggregate stock returns (the investment 

opportunity set). Second, if a given state variable forecasts positive expected aggregate 

returns, its innovation (the risk factor) should earn a positive risk premium. Indeed, 

leverage of financial intermediaries satisfy the two conditions that must characterize any 

state variable within an ICAPM framework. Leverage forecasts market excess returns, 

and innovations in financial intermediary endogenously reflect changes in underlying 

economic state variables. In addition, we also know that the risk premium associated 

with the innovations in leverage is positive and statistically different from zero.  
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A complementary additional way to justify this implicit assumption is to think of 

the structural dynamic models of corporate finance. In particular, Bhamra et al. (2010 a) 

embed a structural model of credit risk within a dynamic consumption-based pricing 

model with Epstein-Zin recursive preferences. They employ a business cycle 

mechanism with an intertemporal macroeconomic risk to generate a common factor 

pricing both stock returns and corporate bonds. Their approach shows that consumption 

and stock market volatilities co-move with credit spreads and contributes solving both 

the equity risk premium and the credit spread puzzles. The Epstein-Zin preferences play 

a key role since the representative agent in their model must prefer uncertainty to be 

resolved sooner than later. In a related paper, Bhamra et al. (2010 b) employ the same 

framework to study the time-varying behavior of capital structure, and show that 

leverage accounts for most of the macroeconomic risk for predicting corporate debt 

defaults. These papers are at least consistent with the implicit assumption employed in 

our estimation strategy about the dependency of consumption growth and market return 

on leverage.  

The main contribution of this paper is to estimate the EIS using a proxy for the 

marginal utility wealth of financial intermediaries rather than a proxy for the marginal 

utility of consumption of the representative household. We substitute consumption out 

from the model to employ, instead, the growth of leverage of financial intermediaries. 

Using a dynamic asset pricing estimation strategy and the recursive preference 

framework, we find an estimate of the EIS, which is significantly different from zero. In 

particular, the estimate of the EIS is 0.943. On the other hand, when we employ 

different consumption-based alternatives, the results are inconsistent with a sensible and 

economically valid interpretation. 
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This paper proceeds as follows. Section 2 briefly describes the related literature 

and the available empirical evidence regarding the estimation of the EIS. Section 3 

describes the data and Section 4 discusses the econometric approach. Then, Section 5 

reports the empirical findings. Finally, Section 6 presents our conclusions. 

 

2. Related Literature and Available Empirical Evidence 

To explain the time-varying behavior of expected return, macro-finance asset 

pricing models incorporate a SDF that extend the basic power utility model with an 

extra (unobservable) variable X that varies over time, and more importantly that 

makes the SDF to be volatile and counter-cyclical: 
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where 1tM   is the SDF,   is the subjective discount factor that captures impatience, 

1tC   denotes aggregate consumption,   is the coefficient of relative risk aversion, 

and 1tX   is the recession variable; this is to say, the variable that changes over 

recessions.1 Under alternative specification of X, we obtain, among others, the habit-

based model of Campbell & Cochrane (1999), the recursive preference framework of 

Epstein & Zin (1989, 1991), the long run risk model (with recursive utility) of Bansal 

& Yaron (2004), and Hansen et al. (2008), the idiosyncratic risk model of 

Constantinides & Duffie (1996) or the heterogeneous preference model of Garleanu 

& Panageas (2015).2 The idea is always the same. In addition to consumption, 

investors are afraid of a state variable that covaries positively with asset returns.  

In these macro-finance models, relevant preference parameters are risk aversion, 

which capture the investor’s reluctance to substitute consumption across states of 

                                                 
1 See Cochrane (2007, 2016), and Campbell (2003) for detailed reviews of these ideas.  
2 Ghosh et al. (2017) present a nonparametric estimation of the unobservable component of equation (1). 
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nature, and the EIS describing the aversion to substitute consumption over time. 

Epstein & Zin (1989, 1991) employ the theoretical recursive preference framework of 

Kreps & Porteus (1978) to break the link between risk aversion and the EIS.3 For this 

reason, this utility framework has been extensively used to estimate the EIS.  

The recursive utility specification employs a nonlinear aggregator to combine 

present and future utility, 
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where  is the inverse of the EIS, denoted by  , or  1 . In this case, it can be 

shown that equation (1) becomes 
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Epstein & Zin (1989, 1991) employ this framework, together, with the intertemporal 

budget constraint for the representative consumer, to obtain a SDF, which approximates 

the continuation value of the future consumption plan or, more generally, the recession 

state variable X 
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where 1mtR   is the return on aggregate wealth, and      11 . 

Under the traditional power utility function, the SDF is a special case of (4) for 

1  . By assuming jointly lognormal, and homoskedastic returns and consumption 

growth, the first order Euler equation becomes 

                                                 
3 Note that the habit-based model also distinguishes between risk aversion and the EIS. However, in 

practice the model offsets the time-varying intertemporal demands with a time-varying precautionary 

savings, which makes unfeasible the direct estimation of the elasticity parameter. 
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where the constant intercept is given by 2
jj
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   , 1 ,  1t1t Clnc   ,  1jt1jt Rlnr   , and 

1jtR   is the rate of return of any asset j. Initial research estimating the EIS employs 

alternative variants of expression (5) using, therefore, a power utility framework. 

Hansen & Singleton (1983), followed by Campbell & Mankiw (1989, 1991), using non-

durable consumption growth and an instrumental variable regression methodology, 

estimate values of the EIS close to zero and below 0.4, which suggests that   is small. 

Ogaki & Reinhart (1998) modify the power utility model to introduce nonseparable 

preferences between nondurable and durable consumption, and they employ data on 

nondurable, nondurable plus services, and durable goods. Overall, the EIS estimator 

tends to be small, different from zero, and higher when they recognize nonseparability. 

In particular, an important finding is that the intratemporal elasticity between 

nondurable and durable goods is higher than the EIS. However, the results are mixed 

when they employ nondurable goods and services and durable goods.  

More recent papers employ the recursive preference framework given by 

equations (2), (3), and (4). Yogo (2004) reaches similar conclusions regarding the low 

value of the EIS. He employs nondurable goods and services from the U.S. and total 

consumption for ten additional countries, and he concludes that a reasonable value of 

the EIS for the U.S. market is as low as 0.2. This evidence implies that, after all, the 

insight of recursive utility allowing for   being large even when   is large, may not 

have strong implications for the understanding of time-varying expected returns.  

However, alternative approaches have argued that estimates of the EIS, even under 

the recursive preference framework, may be biased due to aggregation and limited 
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participation issues on the one hand, and time-varying volatility and precautionary 

savings on the other. First of all, Vissing-Jorgensen (2002) employs micro data from the 

U.S. Consumer Expenditure Survey to introduce explicitly limited stock market 

participation in the estimation approach of the EIS. Using stockholder consumption 

data, this author finds estimates of the EIS between 0.3 and 0.4 for stockholders, and 

around 0.8 to 1.0 for bondholders. The idea of this approach is that the consumption-

based Euler equation cannot be expected to hold for households that do not maintain 

positions on stocks. This is similar to the argument we employ to justify our estimation 

of the EIS with the growth of leverage of financial intermediaries. Vissing-Jorgensen & 

Attanasio (2003) also employ stockholder consumption growth, but they argue that 

market wealth is a combination of financial wealth, which is a portfolio of stocks and 

bonds, and human capital. According to their results, these authors argue that the EIS is 

likely to be above 1.4 

Secondly, Bansal & Yaron (2004), and Bansal et al. (2009) point out that the 

estimates of the EIS are based on loglinear approximations of the consumption-based 

model, which bias downward the estimate of the EIS when volatility is stochastic. 

Indeed, Gomes & Ribeiro (2015) employ a loglinearized version of the first order Euler 

equation, under the SDF given by (4), which recognizes both time-varying volatility, 

and precautionary savings: 
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where  1mt1mt Rlnr   , and 2
jt  is the conditional variance of 

    1t1jt1mt c rr 1    . Using alternative generalized method of moment 

                                                 
4 Guvenen (2006) argues that limited participation creates substantial wealth inequality in the U.S. Since 

consumption is more evenly distributed across households than is wealth, the use of aggregate 

consumption data explains the low value of the EIS. On the other hand, aggregate variables more directly 

linked to wealth may uncover higher EIS estimators. 
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specifications and a multivariate approach to estimate the components of 2
jt , the 

authors find that the EIS estimates range from 0.4 to 1.8, while the risk aversion 

coefficient varies from 0.6 to 2.2.5 

It is true that this lack of consensus does not require necessarily an alternative 

SDF.6 However, as we already argued in the introduction, it is also true that an 

alternative SDF and different estimation strategies in which consumption does not 

played the center role, on either the theoretical or the econometric approaches, may 

clarify the magnitude of the EIS. To the best of our knowledge this is the first research 

on the estimation of the EIS with the marginal utility of wealth of financial 

intermediaries. We next discuss the estimation of the EIS using a dynamic asset pricing 

estimation context, and the leverage growth of financial intermediaries as the relevant 

state variable driving asset returns. 

 

3. Data 

The estimation of the EIS employs quarterly rates of returns of 40 portfolios as 

test assets. These are four sets of 10 portfolios sorted by size, book-to-market, 

momentum, and quality. The first three sets are quarterly returns obtained from the 

monthly data available in Kenneth French’s website (http://mba.tuck.darmouth.edu). 

The market portfolio return and the risk-free rate are also downloaded from French’s 

website. In addition, we employ a fourth set of 10 quality-sorted portfolios obtained 

from the AQR Capital Management Database (www.aqr.com). The construction of 

these data follow the suggestion of Asnes et al. (2014), who define a quality stock as the 

                                                 
5 It is also important to note that under constant variance and 1 , equation (6) is equal to expression 

(5). However, as pointed out by Gomes & Ribeiro (2015), the Epstein and Zin’s preferences employ at 

least two assets, and one of them is the representative consumer optimal portfolio. It seems therefore 

more appropriate to use the recursive rather than the traditional power utility framework.  
6 The omission of precautionary savings (and time-varying volatility), the use of nondurable versus 

durable goods, and limited participation issues may explain by themselves the lack of consensus. 

http://mba.tuck.darmouth.edu/
http://www.aqr.com/
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asset for which an investor is willing to pay a high price. They are stocks that are safe 

(low required rate of return), profitable (high return on equity), growing (high cash flow 

growth), and well managed (high dividend payout ratio) everything else equal. Asnes et 

al. (2014) show that a quality-minus-junk factor, that goes long high-quality stocks and 

shorts low-quality (junk) stocks, earns significant risk-adjusted returns not only in the 

U.S. market but also across 24 countries. Real returns are constructed as log of the gross 

stock returns deflated by the consumer price index. 

Regarding macroeconomic variables, we collect quarterly seasonally adjusted 

aggregate real per capita consumption expenditure of non-durables and services from 

National Income and Product Accounts (NIPA) given in Table 7.1, available at the 

Bureau of Economic Analysis. 

We also use aggregate per capita stockholder consumption growth rates. 

Exploiting micro-level household consumption data, Malloy et al. (2011) show that 

long-run stockholder consumption risk explains the cross-sectional variation in average 

stock returns better than the aggregate consumption risk obtained from nondurable 

goods and services. In addition, they report plausible risk aversion estimates. They 

employ data from the Consumer Expenditure Survey (CEX) for the period March 1982 

to November 2004 to extract consumption growth rates for stockholders, the wealthiest 

third of stockholders, and non-stockholders. To extend their available time period for 

these series, the authors construct factor-mimicking portfolios by projecting the 

stockholder consumption growth rate series from March 1982 to November 2004 onto a 

set of instruments and use the estimated coefficients to obtain a longer time series of 

instrumented stockholder consumption growth. In this paper, we employ the reported 

estimated coefficients of Malloy et al. (2011) to obtain a factor-mimicking portfolio 

with the same set of instruments for stockholder consumption for our sample period. 



 11 

A well-known problem with the SDF under power utility is the low volatility of 

consumption growth relative to stock market data. Most of the necessary volatility 

generated by any consumption-based SDF must come from the recession variable 1tX   

given in equation (1). The use of stockholder consumption data is consistent with this 

reasoning. An additional (and alternative) source of extra volatility may come from 

time-varying risk aversion. The inverse of the surplus consumption ratio suggested by 

Campbell & Cochrane (1999) is closely related to time-varying risk aversion. In order 

to estimate a time-series of surplus consumption, we employ the external habit 

preference model of Campbell & Cochrane (1999) with stochastic discount factor (SDF) 

given by 
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where   is the curvature parameter of the utility function that provides a lower bound 

on the time-varying coefficient of relative risk aversion ,   tttt CHCS   is the 

surplus consumption ratio, tH  is the level of habit, and tS  is the counter-cyclical 

time-varying risk aversion.7 The aggregate consumption follows a random walk and the 

surplus consumption process is 

                                       gcc s s s 1s t1ttt1t                                (8) 

where g is the mean rate of consumption growth,   is the persistence of the habit shock, 

and the response or sensitivity coefficient  ts  is given by 

                                          1ss2111s tct                                    (9) 

where c  is the volatility of the consumption growth rate and, as in Section 2, lower 

capital letters denote variables in logarithms. It is important to notice that the empirical 

                                                 
7 Note that in the Campbell & Cochrane (1999) model,   

  t1t1t SSX . 
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implementation of the model described by equations (7) to (9) estimates the surplus 

consumption process using an alternative set of test assets to avoid potential 

confounding effects. In particular, the surplus consumption is estimated using an 

iterative generalized method of moment procedure with 25 portfolios sorted by size and 

book-to-market, which also available in French’s website.8 

The leverage factor proposed by Adrian et al. (2014) is the seasonally adjusted log 

changes in the level of broker-dealer leverage and is available quarterly from 1968 to 

2009. Adrian et al. (2014) test four alternative intermediary asset pricing models, 

employing either book or market values from either broker-dealers or commercial banks 

as aggregate risk factors. These authors show that the model specification based on 

broker-dealer book leverage performs relatively well in comparison to other 

intermediary pricing models.9 The period for which these data are available defines our 

sample estimation period of the EIS. 

Table 1 shows the descriptive statistics of the aggregate variables used in the 

estimation of the EIS. In particular, we display the correlation coefficients between the 

alternative consumption growth rates, the leverage factor, and the stock market return. 

The leverage factor has a relatively large correlation coefficient with stockholder 

consumption growth, and a relatively low correlation with non-durable consumption. 

Stockholder consumption is highly correlated with the stock market return, and surplus 

consumption growth is strongly correlated with non-durable consumption growth. The 

volatility of leverage is even larger than the volatility of the stock market return, and it 

is much larger than the volatility of any of the consumption volatility measures. As 

expected, the volatility of both, stockholder consumption and surplus consumption is 

                                                 
8 The persistence parameter,  , is estimated employing data from the dividend yield available in Robert 

Shiller’s website (http://www.econ.yale.edu/~shiller/), and the optimal estimator of curvature parameter, 

 , turns out to be equal to 2.46. 
9 The quarterly series are available from Tobias Adrian’s web page 

(https://www.newyorkfed.org/research/economists/adrian).        

http://www.econ.yale.edu/~shiller/
https://www.newyorkfed.org/research/economists/adrian
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higher than the volatility of non-durable consumption growth. Figure 1 displays the 

yearly growth rate of the leverage factor and the alternative measures of consumption. 

Although the overall pattern along the economic cycles is similar with a clear pro-

cyclical pattern in all variables, the leverage factor shows sharp declines during 

economic and financial crisis, which is consistent with the idea that sharp drops in 

leverage of financial intermediaries captures extremely well bad economic times. 

 

4. The Econometric Strategy 

Given the SDF of expression (4), the first order condition for any asset or 

portfolio p is given by 

                                    1t 1
t mt 1 pt 1
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  .                                 (10) 

Campbell (1993, 1996) shows that the log linear approximation to equation (10) is 

                        1mt1ptt1t1ptt
e

1ptt r,r Cov 1c ,r Cov  rE 
   ,            (11) 

where e
1pt

r


 is the excess return over the risk-free rate of portfolio p. The expected risk 

premium of any asset or portfolio p is a weighted combination of portfolio’s p 

covariance with consumption growth (scaled by the inverse of the EIS) and portfolio’s p 

covariance with the market. This is the dynamic theoretical log linear approximation we 

employ in the estimation strategy of the EIS with alternative measures of consumption 

growth given by the non-durable consumption, stockholder consumption, and surplus 

consumption. 

Since, in this paper we argue that the marginal utility of consumption of the 

representative consumer may be substituted by the marginal utility of wealth of the 

representative investor, equation (11) holds for the leverage of the financial 
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intermediaries, denoted by 1tLev  , as a proxy for the growth of their marginal utility of 

wealth, 

                         1mt1ptt1t1ptt
e

1ptt r,r Cov 1Lev,r Cov  rE 
   .           (12) 

Therefore, we estimate the following expression, 

                           1mt1ptt1t1ptt
e

1ptt r,r Cov 1z,r Cov  rE 
   ,             (13) 

where 1tz   denotes either consumption growth, 1tc  , or leverage growth, 1tLev  . 

Note that to estimate the EIS, we can always run regressions of the excess returns of 

each portfolio in our sample on the covariance between the portfolio return and 

consumption growth or leverage, and on the covariance between portfolio return and 

market return. Therefore, from the empirical specification of equation (13), we estimate 

  and  1 . From them, we get the estimate of  , the estimate of   and, therefore, 

the EIS because EIS1 . Finally, using the expression,      11 , and the 

estimators ̂  and  ̂ , we obtain an estimate for the coefficient of relative risk aversion 

since  .ˆ1ˆ1ˆ    

To implement the estimation of expression (13), we follow the dynamic asset 

pricing model of Adrian et al. (2015), and Adrian et al. (2014). Our particular 

implementation of this model combines two cross-sectional aggregate risk factors, 

which are the alternative measures of consumption growth or leverage of financial 

intermediaries and the market portfolio return, and one predicting factor, which is 

leverage.10 Note that when we employ leverage as the risk factor, leverage plays the role 

of both the risk factor and the predicting variable. The underlying assumption is that the 

SDF is linear on the innovations of the risk factors,  

                                                 
10 Both, Adrian et al. (2014), and Muir (2014) show that leverage is a strong predictor of the market 

excess return. 
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matrix of innovations. These innovations come from the VAR(1) system given by 
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Moreover, the prices of risk are affine functions of the predicting factor 
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Under this framework, the risk premium of any portfolio is 
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Therefore, expected risk premia are given by 

                                               t1kpt
e

1ptt Levr E  


  ,                                     (18) 

and 

                                               1t
e

1ptt
1-

pt z,r Cov  
   .                                       (19) 

As usual, we may think about realized returns as the sum of expected returns plus return 

innovations: 

                                    
  

sinnovation

e
1t,pt
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    .                    (20) 

The return innovations can also be decomposed into a component that is conditionally 

correlated with the innovations of the risk factors 1tu   and a return pricing error 
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                                             1pt1tpt
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By the definition of beta, 

                                                pt1t
e

1ptt
1-

pt z,r Cov    
 .                             (22) 

Therefore, the final model to be estimated is given by 

                                        1pt1tptt1kpt
e

1pt
euLevr 

   .                      (23) 

In words, the excess returns, e
1pt

r


, depend on the expected excess returns, 

 t1kpt Lev  , the term that is conditionally correlated with the innovations to the 

risk factors, 1tptu  , and a return pricing error  that is conditionally orthogonal to the 

risk factor innovations. 

The specific three steps in the estimation of expression (23) are as follows: 

(i) We estimate the VAR(1) system by OLS. Hence, we generate two series of 

factor risk innovations 1mtu   and 1Levtu   ( 1ctu  ). 

(ii) For each portfolio p in the sample, that is to say, for each of the 40 test asset 

portfolios, we run the predicting rolling regressions using always 27 past quarters plus 

the contemporaneous quarter (7 years of data): 

                                   1pt1tptt1ppk
e

1pt
uLevr 

   .                             (24) 

Therefore, we run portfolio returns on the time series of the lagged predictor factor and 

the contemporaneous innovations to the two cross sectional risk factors. Hence, for each 

portfolio, we estimate a time series of predictive slopes and risk factor betas. 

(iii) We run cross sectional regression of pkt̂  and t1p̂  on the betas. Therefore, 

the price of risk parameters or risk premia are obtained by cross sectionally regressing, 

on each quarter t, the constant and the predictive slopes, from the previous time series 

regressions, on the betas in two separate estimation equations: 
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                 Lev,c z ; N,,1p; epktpztztpmtmtt0pkt                  (25) 

        Lev c,z ; N,,1p; e  ptpztLevt,zpmtLevt,mt01t1p    .      (26)  

Given that for each quarter, we estimate the cross sectional equations (25) and (26), we 

obtain a time-series of the cross sectional estimators. As in the traditional Fama & 

MacBeth (1973) approach, the final estimates are the time series averages of these 

parameters. We end up estimating six parameters in the cross section: 

                                      Lev,zLev,m01zm0
z,m ,,,,,    ,                                 (27) 

from the two separate cross sectional regressions (25) and (26). In particular, when we 

employ the market portfolio return and leverage as the risk factor, the set of parameters 

is 

                                   Lev,LevLev,m01Levm0
Lev,m ,,,,,    .                       (28) 

When we employ consumption growth as the risk factor together with the market 

portfolio return, the set of parameters is 

                                      Lev,cLev,m01cm0
C,m ,,,,,     .                         (29) 

As already mentioned in the introductory section, it is important to recognize that this 

approach implicitly assumes that the variances of 1tz   and 1mtr   depend on leverage. 

To see this, note that we can write equation (13) as 
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Then, the corresponding risk premia are given by 

                                                          zVar  1ttzt   ,                                           (31) 

and 

                                                          rVar 1 1mttmt   .                                     (32) 
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On other hand, from expression (16), we impose that the prices of risk are affine 

function of leverage: 

                                            t
1z

1m

zk

mk

zt

mt
t Lev 







































 .                                 (33) 

Hence, implicitly, the variances of 1tz   and 1mtr   depend on leverage. Our estimation 

strategy assumes a consumption-based pricing model with recursive preferences where 

the equilibrium prices of risk depend on leverage. As we argued in the Introduction, 

while this is not a direct implication of the model with recursive preference, these 

assumptions are consistent with an ICAPM in which leverage is the state variable that 

forecasts future behavior of the opportunity set, and with the dynamic structural models 

of corporate finance where the intertemporal macroeconomic risk is captured by 

aggregate leverage.11 

Note that we really want to estimate models represented by expression (13). In 

other words, we want to estimate the models with covariances rather than with betas. 

We simply transform the estimates obtained from equations (24) through (27) using the 

following expressions: 

                              
     

 
uVar

ˆ
ˆ    ,

uVar

ˆ
ˆ    ,

uVar

ˆ
ˆ

c

c
c

Lev

Lev
Lev

m

m
m













   .              (34) 

From equation (13),  ˆ1ˆ m   and  ˆ ˆˆ z  . Therefore, 

                                                      

 










ˆ1ˆ1  Aversion Risk

ˆ

1
SÎE

ˆ1

ˆ
ˆ

ˆ1ˆ

m

z

m










                                   (35) 

                                                 
11 See Bhamra et al. (2010 a, 2010 b). 
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From these gamma coefficients, we finally estimate the parameters of interest, 

EIS , , and the relative risk aversion coefficient. 

 

5. Empirical Results 

Adrian et al. (2015) show that the time-varying excess returns on stocks and 

bonds are mainly explained by time-varying prices of risk. This seems to be much more 

relevant than changes in betas. In other words, to allow for a 01  in equation (16) is a 

fundamental point in this econometric implementation.12 Using an estimation approach 

consistent with a dynamic asset pricing framework is not only important for testing 

asset pricing models in general, but also for the estimation of preference parameters, 

which reflects aversion over time and across states. This is a key difference between the 

estimation procedure employed in this research to estimate the EIS and previous papers 

in literature. Moreover, the behavior of the market price of risk of leverage, non-durable 

consumption, stockholder consumption, and surplus consumption strongly affects the 

estimate of the EIS. Before presenting the formal numerical results, we display in 

Figures 2.A and 2.B the market price of risks of leverage and the growth rate of surplus 

consumption denoted by tSC . From equations (25), (26), and (33), the market prices of 

risk are given by the following equations: 

                                                  mt m m,Lev t
ˆ ˆ ˆ Lev                                                 (36) 

                                                   zt z z,Lev t
ˆ ˆ ˆ Lev        ,                                          (37) 

where z is either one of the measures of consumption growth or leverage. In our specific 

exercise, for the case of leverage and surplus consumption as representative factor risks, 

the previous equations are given by 

                                                 
12 Note that this is one of the main differences of this approach with respect to the Fama & MacBeth 

(1973) procedure. 



 20 

                                         tLev,LevLevt,Lev LevˆˆMPR                                       (38) 

                                             tLev,scsct,sc SCˆˆMPR                                           (39) 

The leverage price of risk is mostly positive with large volatility and sharp declines 

after recessions. It also presents very strong positive jumps before or at the beginning of 

recessions. On the other hand, the surplus consumption price of risk, although volatile, 

it remains most of the time negative with relatively large positive increases only at the 

beginning or during the peak of recessions.13 However, the magnitudes of these jumps 

are much lower than the sharp positive jumps of the leverage market price of risk. As 

we see next, the behavior of these market prices of risk seem to have very relevant 

implications for the estimation of the EIS. 

Panel A of Table 2.A shows the average risk premia for non-durable consumption 

growth, and the market portfolio return, while Panel B displays the estimated 

coefficients of non-durable consumption and the market on lagged financial 

intermediary leverage, which plays the role of the predicting variable. The 

corresponding p-values are reported in parentheses and the last column provides the 

mean absolute pricing error of each cross-sectional equation. The p-values are based on 

standard errors proposed by Kan et al. (2013). They provide standard errors of risk 

premium estimators adjusted for the errors-in-variable and model misspecification.14 

Not that the estimates shown in Panels A and B are obtained using betas as explanatory 

variables. Panel C shows the risk premia when we transform the estimated coefficients 

with expression (34). Finally, we report the preference parameters in Panel D of Table 

                                                 
13 The market prices of risk of non-durable consumption and stockholder consumption closely follow the 

time-varying behavior of surplus consumption. However, they are much less volatile and negative in most 

quarters. Neither presents high positive peaks at the beginning of recessions. This already suggests that 

models with consumption data cannot explain asset price data.  
14 The details of the Kan et al. (2013) econometric methodology applied to the two-pass cross-sectional 

regression with rolling estimators as in this paper, and the corresponding expressions for the standard 

errors of the risk premia adjusted by errors-in-variable and model misspecification, can be found in 

González-Urteaga & Rubio (2016). 
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2.A, where     ˆ1ˆ1ˆ   and  ˆ1ˆ   is the inverse of the EIS. The p-values of 

preference parameters are obtained from standard errors estimated by the Delta method. 

The empirical performance of the model is extremely poor. The estimates of both 

risk aversion and the EIS are negative, although they are not statistically different from 

zero. This result implies that the results do not have a sensible economic interpretation. 

One may think that this is due to the use of non-durable consumption, which presents 

the typical very smooth behavior. Unfortunately, Tables 2.B and 2.C show similar 

economic results when we employ stockholder consumption and surplus consumption, 

respectively. Surprisingly, when we employ stockholder consumption, the estimates of 

the EIS and risk aversion are not only negative, but they are significantly different from 

zero. Surplus consumption shows again negative estimates but they are not significantly 

different from zero. Overall, consumption data do not seem to capture the dynamics of 

the market price of risk of aggregate consumption. The implicit preference parameters 

do not seem to have a reasonable economic interpretation. 

Table 2.D shows the results using leverage as both the risk factor and the 

predicting variable. The results are now very different, and they also have a potentially 

interesting economic interpretation. The market risk premium remains negative and 

significantly different from zero. However, the average leverage risk premium is equal 

to 0.029 and seems to be estimated with precision. The coefficient of the price of 

leverage risk on lagged intermediary leverage is equal to 0.122 and is significantly 

different from zero. More importantly, the estimates of the EIS and risk aversion are 

0.943 and 1.094, respectively. Both estimates are statistically different from zero. The 

risk aversion coefficient is slightly higher than the EIS suggesting preference for early 

resolution of uncertainty.  
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The evidence seems to be favorable to the use of leverage as a proxy for the 

marginal utility of wealth of financial intermediaries. In any case, we must recognize 

that other authors also find a reasonable matching between consumption and stock 

return series, and an estimate of the EIS close to one as in our paper.  Vissing-Jorgensen 

(2002) finds similar results for bondholders within the limited participation framework, 

& Mulligan (2002) also obtains EIS estimates around one by analyzing the relation 

between consumption growth and the after-tax capital rental rate. This implies that the 

leverage variable is not a necessary condition to obtain a positive, close to one, and 

significant EIS estimate. However, we believe that the evidence reported in this paper 

do show that marginal utility of wealth should play a much more prominent role to 

explain the time-varying behavior of expected returns and the corresponding magnitude 

of preference parameters. 

In the context of macro-finance models, Hansen & Jagannathan (1991) show that 

the volatility of the SDF that satisfies the first order condition of the intertemporal 

consumption/investment model must exceed the Hansen-Jagannathan bound given by 

                                   REME1VREME1)M(Var N
1

N 


   ,                       (40) 

where N1  is an N-vector of ones, E(M) is the inverse of the risk-free rate, V is the 

variance-covariance matrix of stock returns, and E(R) is an N-vector of expected 

returns. We use this bound to illustrate how the recursive-preference model with 

leverage performs relative to the same model with the alternative measures of 

consumption employed in the evidence above. Given the estimates of the preference 

parameters of each of the four models reported in Table 2, we check whether the 

implied SDF consistent with each of the four alternative versions satisfy the bound for 

the case in which we invest in the market portfolio return and a riskless bond. In other 

words, given the estimates of preference parameters, the SDF given by equation (4), an 
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opportunity set with one risky asset (the market portfolio) and one risk-free bond, and a 

subjective preference discount factor of 0.97, we estimate the time series of the four 

alternative SDF with non-durable consumption, stockholder consumption, surplus 

consumption, and leverage.  

Panel A of Table 3 shows the mean and volatility of the implied SDF when we 

impose on each model the estimated preference parameters. In Panel B of Table 3 we 

report both the mean and volatility of the SDF but we now impose the economically 

sensible preference parameters estimated with leverage to all four cases. In Panel A, the 

volatilities of the SDF estimated for non-durable consumption and surplus consumption 

are very low. The volatility of the SDF when we employ stockholder consumption is 

higher and equal to 0.24. However, the resulting mean of the SDF is higher than one. 

The mean and volatility of the implied SDF estimated with recursive preferences and 

leverage are 0.985 and 0.361, respectively. Panel B of Table 3 shows that when we 

impose the same preference parameters, the volatilities of the SDF estimated with 

consumption data are even lower than in Panel A. The results suggest that the model 

with leverage growth generates an economically plausible mean and volatility of the 

implicit SDF. Figure 3 displays the time-varying behavior of the SDF with leverage. 

The implicit SDF tends to go up before and during recessions, showing a very large 

peak during the Great Recession. Finally, Figures 4.A and 4.B show that the only SDF 

that satisfies the Hansen-Jagannathan volatility bound is the one estimated with 

leverage. This is the case independently of the preference parameters used for the three 

alternative measures of consumption growth. These additional empirical results suggest 

that the model with leverage growth performs relatively well relative to the model with 

consumption data, which implies that the estimation of the EIS with leverage is 

trustable.  
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6. Conclusions 

The evidence reported in this paper confirms the importance of using data of 

financial intermediaries to understand the time-series and cross-sectional behavior of 

equity returns. Note that funding constraints are always binding, and leverage is a 

reasonable measure of these constraints. As pointed out by Adrian et al. (2014), this 

implies that leverage measures the marginal utility of wealth of financial intermediaries, 

which are big players in stock markets. The SDF in which bad times are defined in 

terms of high marginal value of wealth of financial intermediaries captures the time-

varying and counter-cyclical behavior of the SDF and expected returns. This seems to 

have relevant consequences for the estimation of the EIS. Under this framework, and 

using a dynamic asset pricing estimation methodology, the estimated EIS is equal to 

0.943. 
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Table 1 

Descriptive Statistics of Aggregate Variables: Growth of Non-Durable Consumption, Stockholder 

Consumption, Surplus Consumption, Leverage, and the Market Portfolio Return. Quarterly Real Data 

from January 1968 to December 2009 

 

 
Non-Durable 

Consumption 

Stockholder 

Consumption 

Surplus 

Consumption 

Leverage 

Financial 
Intermediaries 

Stock Market 

Return 

 
Annualized 

Average 

Growth 

 

Annualized 
Volatility 

 
Non-Durable 

Consumption 
 

1 0.253 0.931 0.088 0.341 0.0194 0.0118 

 

Stockholder 
Consumption 

 

 1 0.272 0.256 0.780 0.0332 0.0428 

 
Surplus 

Consumption 

 

  1 0.113 0.342 -0.0250 0.0556 

 

Leverage 

Financial 
Intermediaries 

 

   1 0.135 0.0424 0.2696 

 
Stock Market 

Return 

 

    1 0.0621 0.1815 

This table reports the correlation coefficients between three alternative measures of consumption growth, 

including non-durable consumption, stockholder consumption, and surplus consumption from the external 

habit-based preference model. Moreover, we employ the leverage growth financial intermediaries, and the 

value-weighted market portfolio return. 
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Table 2.A 

Estimating the Elasticity of Intertemporal Substitution with Non-Durable Consumption Growth under a 

Dynamic Asset Pricing Framework 

 

Panel A 

Equation (25) with 

non-durable 

consumption,  

and betas 

λ0 λc  λm MAE 

 
0.0252 

(0.0000) 

-0.0001 

(0.4956) 

-0.0110 

(0.0000) 
0.0044 

Panel B 

Equation (26) with 

non-durable 

consumption,  

and betas 

λ01 λc,lev λm,lev MAE 

 
-0.0075 

(0.7021) 

-0.0098 

(0.1994) 

0.0227 

(0.3383) 
0.0146 

Panel C 

Equation (25) with 

covariances 
γc  γm   

 -3.1874 -1.3853   

Panel D 

Preference 

parameters 
θ κ EIS Risk Aversion 

 
2.385 

(0.0000) 

-1.336 

(0.7208) 

-0.748 

(0.7208) 

-4.573 

(0.6094) 

This table contains the estimated price of risk parameters for the dynamic asset pricing estimation of 

intertemporal models with non-durable consumption, Δc (Table 2.A), stockholder consumption, Δshc 

(Table 2.B), surplus consumption Δsc (Table 2.c), and leverage growth, Lev (Table 2.D). The first two 

rows show the results from the estimation of model (23) through the equations (25) and (26). The third 

row transforms the betas prices of risk into covariances prices of risk. Finally, the fourth row shows the 

estimates of preference parameters, which are implicitly estimated from the dynamic asset estimation 

strategy. In parentheses, we report p-values. Equations (25) and (26) are in this Table 2.A given by 

(25) pkt 0t mt pmt ct p ct pkte  ; p 1, ,N  ; k m, c              

(26) p1t 01t m,Levt pmt c,Levt p ct pt  e  ; p 1, ,N              
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Table 2.B 

Estimating the Elasticity of Intertemporal Substitution with Stockholder Consumption Growth under a 

Dynamic Asset Pricing Framework 

 

Panel A 

Equation (25) with 

stockholder 

consumption,  

and betas 

λ0 λshc  λm MAE 

 
0.0278 

(0.0000) 

-0.0017 

(0.0000) 

-0.0147 

(0.0000) 
0.0036 

Panel B 

Equation (26) with 

stockholder 

consumption,  

and betas 

λ01 λshc,lev λm,lev MAE 

 
-0.0323 

(0.0067) 

0.0032 

(0.1142) 

0.0094 

(0.3923) 
0.0128 

Panel C 

Equation (25) with 

covariances 
γshc  γm   

 -3.9582 -1.9658   

Panel D 

Preference 

parameters 
θ κ EIS Risk Aversion 

 
2.966 

(0.0000) 

-1.335 

(0.0007) 

-0.749 

(0.0007) 

-5.924 

(0.0000) 

See the note in Table 2.A. Equations (25) and (26) are in this Table 2.B given by 

(25) pkt 0t mt pmt shct p shct pkte  ; p 1, ,N  ; k m, shc              

(26) p1t 01t m,Levt pmt shc,Levt p shct pt  e  ; p 1, ,N              
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Table 2.C 

Estimating the Elasticity of Intertemporal Substitution with Surplus Consumption Growth under a 

Dynamic Asset Pricing Framework 

 

Panel A 

Equation (25) with 

surplus 

consumption,  

and betas 

λ0 λsc  λm MAE 

 
0.0239 

(0.0000) 

-0.0015 

(0.0099) 

-0.0095 

(0.0000) 
0.0044 

Panel B 

Equation (26) with 

surplus 

consumption,  

and betas 

λ01 λsc,lev λm,lev MAE 

 
-0.0076 

(0.7040) 

-0.0353 

(0.1495) 

0.0232 

(0.2678) 
0.0149 

Panel C 

Equation (25) with 

covariances 
γsc  γm   

 -2.4498 -1.1943   

Panel D 

Preference 

parameters 
θ κ EIS Risk Aversion 

 
2.194 

(0.0000) 

-1.116 

(0.1020) 

-0.896 

(0.1020) 

-3.644 

(0.0231) 

See the note in Table 2.A. Equations (25) and (26) are in this Table 2.C given by 

(25) pkt 0t mt pmt sct p sct pkte  ; p 1, ,N  ; k m, sc              

(26) p1t 01t m,Levt pmt sc,Levt p sct pt  e  ; p 1, ,N              
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Table 2.D 

Estimating the Elasticity of Intertemporal Substitution with Leverage Growth under a Dynamic Asset 

Pricing Framework 

 

Panel A 

Equation (25) with 

leverage growth,  

and betas 

λ0 λlev  λm MAE 

 
0.0183 

(0.0000) 

0.0293 

(0.0000) 

-0.0045 

(0.0493) 
0.0036 

Panel B 

Equation (26) with 

leverage growth,  

and betas 

λ01 λlev,lev λm,lev MAE 

 
-0.0139 

(0.1369) 

0.1217 

(0.0085) 

0.0386 

(0.0046) 
0.0150 

Panel C 

Equation (25) with 

covariances 
γlev  γm   

 1.6556 -0.5619   

Panel D 

Preference 

parameters 
θ κ EIS Risk Aversion 

 
1.562 

(0.0000) 

1.060 

(0.0000) 

0.9434 

(0.0000) 

1.094 

(0.0000) 

See the note in Table 2.A. Equations (25) and (26) are in this Table 2.D given by 

(25) pkt 0t mt pmt Levt pLevt pkte  ; p 1, ,N  ; k m,Lev            

(26) p1t 01t m,Levt pmt Lev,Levt pLevt pt  e  ; p 1, ,N             
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Table 3 

Implicit Stochastic Discount Factor Statistics for the Growth of Non-Durable Consumption, Stockholder 

Consumption, Surplus Consumption, and Leverage. Quarterly Data from January 1968 to December 2009 

 
 

Panel A:  

SDF (with specific 

preference parameters) 

 

Non-Durable 

Consumption 

Stockholder 

Consumption 

Surplus 

Consumption 

Leverage 

Financial 

Intermediaries 

 

Mean SDF 

 

 

0.982 

 

1.015 

 

0.955 

 

0.985 

 

Volatility SDF 

 

 

0.124 

 

0.240 

 

0.132 

 

0.361 

 

Panel B:  

SDF (with preference 

parameters for Leverage) 

 

Non-Durable 

Consumption 

Stockholder 

Consumption 

Surplus 

Consumption 

Leverage 

Financial 

Intermediaries 

 

Mean SDF 

 

 

0.959 

 

0.953 

 

0.978 

 

0.985 

 

Volatility SDF 

 

 

0.046 

 

0.030 

 

0.056 

 

0.361 

This table shows the mean and volatilities of the implicit stochastic discount factor with recursive 

preferences given by expression (4), when we use the estimates of the preference parameters obtained 

from the dynamic asset pricing estimation of the linear version the model. We use three alternative 

measures of consumption growth, including non-durable consumption, stockholder consumption, and 

surplus consumption from the external habit-based preference model. Moreover, we employ the leverage 

growth financial intermediaries, and the value-weighted market portfolio return. 
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Figure 1 

Annual Growth Real Rates of the Leverage Factor, Non-Durable Consumption, Stockholder 

Consumption, and Surplus Consumption: 1968-2009 
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Figure 2.A 

Time-Varying Behavior of the Price of Leverage Risk in Percentage Annualized Terms: 1968-2009 

 
 

 

 
 

 

 

Figure 2.B  

Time-Varying Behavior of the Price of Surplus Consumption Risk in Percentage Annualized Terms: 

1968-2009 
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Figure 3 

The Implicit Stochastic Discount Factor with Recursive Preferences, the Market Portfolio Return, and 

Leverage Growth of Financial Intermediaries.  Data from January 1968 to December 2009 
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Figure 4.A 

The Hansen-Jagannathan volatility bound for the market portfolio return and three-month Treasury bills 

as test assets, and preference parameters estimated for each state variable: non-durable consumption, 

stockholder consumption, surplus consumption, and the leverage growth of financial intermediaries. 

Quarterly Data from January 1968 to December 2009 

 
 

 

 
 

 

Figure 4.B 

The Hansen-Jagannathan volatility bound for the market portfolio return and three-month Treasury bills 

as test assets, and preference parameters estimated from the leverage growth of financial intermediaries. 

Quarterly Data from January 1968 to December 2009 

 
 
 

 




