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a b s t r a c t

The goal of this paper is to assess time-variation in asset returns while considering the
whole conditional distribution. We use a quantile regression framework and quarterly data
for the U.S., and show that the probabilistic distribution of expectations about future stock
returns changes in response to variation in commonly used explanatory variables.
Moreover, our results support the idea that lower quantiles are less stable than upper
quantiles, thus, suggesting that asset pricing models are particularly accurate in capturing
the expectations that less risk-averse agents have about future returns.

� 2017 Elsevier B.V. All rights reserved.

1. Introduction

Fluctuations in risk are important to explain consumption and investment behaviour and, therefore, business cycle pat-
terns. Similarly, periods of booms and busts in asset prices are generally associated with variation in expectations that agents
have about future risk premium. By analyzing these movements, it may be possible to detect earlier manifestations of asset
misalignments and take corrective measures. Therefore, understanding the determinants of risk, elusive a goal as it may be,
is crucial for policies aiming at macro-financial stability.

While the empirical finance literature has shown that expected excess returns on assets tend to be counter-cyclical1 and
numerous economically motivated variables capture time-variation in risk premium,2 another line of investigation has consid-
ered that the mean and variance are not necessarily sufficient for risk averse investors to base their portfolio decisions on. Other
characteristics of the distribution of returns such as skewness (Kraus and Litzenberger, 1976; Harvey and Siddique, 2000) or
even kurtosis or higher moments (Scott and Horvath, 1980) of stock returns should also matter.
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In this paper, we look at the evolution of the distribution of risk premium over time and, as a by-product, at the issue of
deviations of an asset from its ‘‘fundamental value”, i.e. the one provided by a specific asset pricing model. These deviations
can be indicative of under or over valuation of the asset and can signal important mispricing in the market. However, a major
difficulty arises when determining what a ‘‘large” deviation from fundamentals is due to the lack of a clear criterion.

In this context, our paper retakes a technique that has been widely used in economics and empirical finance.3 More
specifically, we use quantile regressions to estimate the probability distribution of asset returns and to investigate the extent
to which changes in expectations about risk premium help detecting periods of ‘‘abnormal” returns. The main advantage of this
econometric framework is that it allows us to condition the whole distribution of asset returns on a set of explanatory vari-
ables, that is, we can estimate not only the median but also any quantile of the distribution of asset returns. In addition,
extreme events characterizing the tails of the distribution of asset returns and situations of large outliers can be identified
and predicted without resorting on ‘‘ad hoc” definitions (Koenker and Hallock, 2001). Thus, quantile regressions, as ways of
characterizing and predicting the distribution of returns, can be valuable for asset pricing and a benchmark for detecting asset
price misalignments, providing an analysis that is more robust than the ordinary least squares (OLS) regression that focuses
only on the mean.

We start with an agnostic approach, trying to link asset returns with a series of explanatory variables in a way that is not
fully grounded on equilibrium models derived from theory. In a second stage, we analyze the results of a large set of asset
pricing models.

Using data for the US, we show that the probabilistic distribution of stock returns is time-varying. Moreover, we find that
several macroeconomic and financial variables help explaining such variation. The results of the forecasting regressions are
consistent with theoretical predictions and so monitoring these factors can help assessing attitudes towards risk. In partic-
ular, we find evidence that credit growth and long-term consumption growth predict a fall in future stock returns, which
suggests more appetite for risk-taking.

With regard to the results based on asset pricing models, we conclude that there are various models that are useful in
explaining time-variation in the probability distribution of returns. We show that lower quantiles tend to be less stable than
upper quantiles. If the lower quantiles can be attributed to agents that are more prone towards risk while the upper quan-
tiles depend on those that are more averse to risk, our findings highlight that asset pricing models are particularly accurate in
capturing the expectations that less risk-averse agents have about future returns.

By linking the conditional return distribution to different pricing factors, our methodology suggests that some predictors
are better at picking up episodes of extremely high (low) stock returns and not just mean returns. Thus, it can help policy-
makers in designing macroprudential policies based on a battery of early warning indicators. It can also enhance our under-
standing of the drivers of the tails of the distribution of risk premium.

The research presented in this paper is indebted to the works that have focused on forecasting either the mean or the
volatility of stock returns and, more specifically, to those that have either provided novel frameworks (Diebold and
Yilmaz, 2009; Rua and Nunes, 2009) or highlighted the potential mis-specification associated with standard approaches
(Baillie and DeGennaro, 1990; González-Rivera, 1998; González-Rivera, 2013; Almeida and Garcia, 2012, 2013; González-
Rivera and Jiménez-Martín, 2012). It is also built on the literature that showed that accounting for the nonlinearity of the
behaviour of stock markets, the uncertainty about the model governing asset prices or the distribution characterizing stock
returns can help improving predictability (Baillie, 1993; Jawadi, 2009; Jawadi et al., 2009; Almeida et al., 2013; Sousa and
Sousa, 2017). In particular, we rely on several asset pricing models as starting frameworks to address this specific issue. Then,
we use quantile regressions to investigate whether these models are able to forecast time-variation in the distribution of
asset returns.

The rest of the paper is organized as follows. Section 2 introduces the econometric framework and presents the data. Sec-
tion 3 discusses the empirical results. Section 4 concludes with the main findings and policy implications.

2. Econometric framework and data

2.1. Conditional distribution of asset returns and quantile regressions

The distribution of the returns can be characterized by its different quantiles. In Machado and Sousa (2006), this tech-
nique was first applied to the level of stock prices with the aim of assessing misalignments. Moreover, while the more usual
approach of the empirical finance literature uses the standard ordinary least squares (OLS) estimation and looks at stock
returns rather than the level of stock prices, in this paper, we consider quantile regressions. A main advantage of this tech-
nique is that it allows relating the quantiles that summarize the distribution of asset returns with explanatory variables that
convey information about risk premium. In fact, quantile regressions make it possible to construct probability intervals and

3 For example, Taylor (1999) considers quantile regressions in the context of value at risk. Leon Li and Miu (2010) provide a bankruptcy prediction model
with dynamic accounting-ratio-based and market-based information. Conley and Galenson (1998) explore wealth accumulation in several U.S. cities. Gosling
et al. (2000) study the income and wealth distribution in the UK, while Bassett and Chen (2001) characterize mutual fund investment styles. Machado and
Sousa (2005) assess the impact of macroeconomic fundamentals on the distribution of asset prices. Leon Li and Yen (2011) analyse the dynamic covariance risk
in global stock markets, Lee and Leon Li (2012) assess the linkages between diversification and risk-adjusted performance and Leon Li and Wu (2014) evaluate
the relationship among analysts’ forecast dispersion and stock returns.
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