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a b s t r a c t

We find that the firm-level variance risk premium has a prominent explanatory power for credit spreads
in the presence of market- and firm-level control variables established in the existing literature. Such
predictability complements that of the leading state variable—the leverage ratio—and strengthens signif-
icantly with a lower firm credit rating, longer credit contract maturity, and model-free implied variance.
We provide further evidence that (1) the variance risk premium has a cleaner systematic component than
implied variance or expected variance, (2) the cross-section of firms’ variance risk premia capture sys-
tematic variance risk in a stronger way than firms’ equity returns in capturing market return risk, and
(3) a structural model with stochastic volatility can reproduce the predictability pattern of variance risk
premia for credit spreads.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

It has long been recognized in the literature that a critical com-
ponent of systematic economic risk may be missing in credit risk
modeling (Jones et al., 1984; Elton et al., 2001; Collin-Dufresne
et al., 2001; Huang et al., 2003), which is the main cause of the
so-called credit spread puzzle. The relatively larger spikes of high

investment-grade credit spreads than speculative-grade during
the recent financial crisis highlight a possible systematic shock that
tends to explain the low-frequency cyclical movements of
credit spreads. In this paper, we try to explain individual firms’
credit spreads by the variance risk premium (hereafter, VRP) and
relate the VRP component of the credit spread to the exposure to
systematic variance or economic uncertainty risk (Bollerslev
et al., 2009; Drechsler and Yaron, 2011).

VRP is defined as the difference between expected variance un-
der the risk-neutral measure and expected variance under the
objective measure (see among others Britten-Jones and Neuberger,
2000; Jiang and Tian, 2005; Carr and Wu, 2008). Theoretically, the
variance risk premium isolates only firms’ exposure to systematic
variance risk that must be priced in all risky assets since, by con-
struction, the risk-neutral and objective expectations of firms’ idi-
osyncratic variance risk cancel out with each other. Empirically, we
estimate VRP as the difference between the model-free option-im-
plied variance and the expected variance based on the realized
measures estimated from high-frequency equity return data.

We present robust evidence that firm-level VRP is the most
prominent predictor for credit default swap (CDS) spread
variations relative to the other macroeconomic and firm-specific
credit risk determinants identified in the existing literature: VRP
by itself predicts 29% of credit default spread variation. This finding
echoes the recent studies that recognize the linkage among
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macroeconomic conditions, the equity risk premium, and credit
risk pricing (see, e.g., David, 2008; Bhamra et al., 2009; Chen
et al., 2009; Chen, 2010), but our paper focuses on providing
cross-sectional evidence of individual firms. We also find that
VRP complements the leverage ratio, which has been shown as a
leading explanatory variable for credit spreads (Collin-Dufresne
and Goldstein, 2001). Importantly, this firm-level VRP measure
crowds out the popular market VRP (or VIX) measure that has been
shown as a strong predictor for aggregate credit spread indices
(Zhou, 2009; Buraschi et al., 2009). Such predictive power turns
out to be greater for speculative-grade credit spreads, longer CDS
contract maturities, and VRPs constructed from model-free op-
tion-implied variances.

The 2007–2008 sub-prime credit crisis changed substantially
the landscape of the CDS markets. We examine the consistency
of the predictability of VRP on CDS spreads before and after the cri-
sis. During both periods, VRP positively and significantly predicts
subsequent CDS spreads. Interestingly, the S&P 500 return, the
aggregate credit price index, and the fixed income market illiquid-
ity measure switch to be significant in predicting firm CDS spreads
after the crisis, suggesting contagion in financial markets and that
the increase in the perceived systemic risk was mainly driven by
the heightened risk aversion and liquidity squeeze (Longstaff,
2010; Huang et al., 2012).

Previous research suggests that implied variance is informa-
tively more efficient than realized variance in predicting credit
spreads (Cao et al., 2010; Berndt et al., 2006; Carr and Wu,
2010). However, by decomposing the implied variance into VRP
and expected variance, we find that VRP can substitute for most
of the explaining power of implied variance, especially for lower
frequencies of monthly and quarterly horizons relative to weekly.
We also present evidence that the first principle component of
VRP across all firms explains 79% of the total variation, while that
of implied variance only explains 58% and expected variance only
65%. Finally, we show that, at the aggregate level, VRP Granger
causes implied and expected variances, but not vice versa. These
additional findings imply that VRP may be an ideal measure of
firms’ exposures to a systematic variance risk factor, and the eco-
nomic interpretation of implied variance in explaining credit
spreads could largely rely on VRPs that are exposed to such a mac-
roeconomic uncertainty risk.

To further corroborate the interpretation that firm VRPs are ex-
posed to systematic uncertainty risk, we provide two additional
justifications. In the first exercise, we run a two-pass regression
of individual firms’ VRPs on the market VRP. The second-stage
cross-sectional regression obtains an R2 of 9%. In contrast, a similar
exercise with firm equity returns obtains an R2 of 4%. These results
suggest that the cross-section of firms’ variance risk premia is able
to capture systematic risk factor(s) in a stronger way than firm
equity returns in the CAPM framework. In another exercise, we
simulate from a structural model with stochastic volatility and find
that VRP can indeed provide additional explanatory power for a
representative firm’s credit spreads, even with the control of a true
leverage ratio. On the contrary, the Merton model without stochas-
tic volatility cannot reproduce such a stylized pattern found in our
empirical exercise.

Our work is related to recent efforts to explain individual firms’
credit spreads from several innovative angles. Campbell and
Taksler (2003) find that increases in bond spreads can be explained
by the upward trend in idiosyncratic equity volatility. Cremers
et al. (2008) rely on an option-implied jump risk measure to inter-
pret the cross-sectional variations in default risk premiums. Erics-
son et al. (2004) and Ericsson et al. (2006) exploit credit derivatives
in explaining credit spreads and evaluating structural models. In
particular, Cao et al. (2010) document that volatility risk premia
(volatility-based VRPs) strongly covary with the CDS spreads. Our

study shares the same spirit as theirs in terms of risk-based expla-
nations and finds consistent results. We, however, emphasize
using VRP as a novel tool to isolate the firm’s exposure to system-
atic variance risk from its idiosyncratic counterpart. We further
demonstrate the consistency of VRP’s predictive power before
and after the sub-prime credit crisis. Importantly, we document
that the cross section of firms’ variance risk premia capture sys-
tematic variance risk in a stronger way than firms’ equity returns
in capturing market return risk in the CAPM framework. Thus,
our finding provides an economic interpretation for the superior
predictive power of implied variance on credit spread and points
to a clear direction for improving the structural credit risk model-
ing—by incorporating a systematic variance risk factor.

The rest of the paper will be organized as follows: Section 2
introduces the variance risk premium measure and our empirical
methodology, and it is followed by a description of data sources
and summary statistics in Section 3, Section 4 then presents empir-
ical findings of variance risk premiums with respect to predicting
credit spreads and discusses some economic interpretations, and
Section 5 concludes.

2. Variance risk premia and empirical methodology

In this section, we introduce the concept of VRP for individual
firms, following the recent literature in defining the market VRP
as a difference between the model-free implied variance and the
forecasted realized variance. Then we outline our empirical strat-
egy for explaining the CDS spreads of individual firms, using such
a firm-specific VRP variable, together with other established mar-
ket and firm control variables—noticeably the firm leverage ratio
and the risk-free rate.

2.1. Constructing the VRP measure for individual firms

To construct the benchmark measure of firm VRP, we compute
the model-free implied variances from the OptionMetrics data of
the individual firms’ equity option prices and the forecasted real-
ized variances from high-frequency stock returns of individual
companies.

Following Britten-Jones and Neuberger (2000), we apply the Cox
et al. (1979), or CRR, binomial lattice model to translate the Option-
Metrics prices of American call options of different maturities and
moneyness into implied volatilities. By fitting a smooth cubic splines
function to the implied volatilities, we compute the term structure
of implied volatilities at various strikes for call options of T-maturity.
Then, the term structure of implied volatilities are translated back
into the term structure of call prices at various strikes using the
CRR model. Note that such a procedure is not model-dependent, as
the CRR model serves merely as a mapping device between option
prices and implied volatilities (Jiang and Tian, 2005).

With the term structure of call option prices, we compute risk-
neutral or model-free implied variance by summing the following
functional form over a spectrum of densely populated strike prices:

IVi;t � EQ
t ½Varianceiðt; t þ TÞ�

� 2
Z 1

0

� Ciðt þ T;KÞ=Bðt; t þ TÞ �max½0; Si;t=Bðt; t þ TÞ � K�
K2 dK;

ð1Þ

where Si,t denotes the stock price of firm i at time t. Ci(t + T, K)
denotes the option price of a call option maturing at time T at a
strike price K. B(t, t + T) denotes the present value of a zero-coupon
bond that pays off one dollar at time t + T. This way of calculating
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