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1 Introduction

In recent years, empirical asset pricing has made significant strides in understanding the deter-

minants of the pricing kernel for equities. In turn, characterization of factors which form the pricing

kernel of corporate bonds has only recently been studied more comprehensively.1 The cornerstone

of the literature which relates to identifying a common factor structure in expected returns begins

with the static Capital Asset Pricing Model (CAPM) and associated value-weighted stock market

factor. The failings of the CAPM have been extensively documented and have spurred an enormous

literature and countless additional factors which seek to explain the cross-section of returns. This

literature has spilled over into identifying a factor structure in the cross-section of excess corporate

bond returns (Bai et al., 2019, henceforth BBW).

In this paper we revisit the main findings of a series of prominent empirical asset pricing papers

that study corporate bonds by utilizing well-known economic metrics and a comprehensive set of

statistical methods. We show across various bond data sets that the bond market factor (MKTB),

is the only factor the exhibits substantial and consistently significant risk premia. This finding

is in stark contrast to BBW and others who document that factors beyond the market factor are

important for corporate bond pricing. In BBW, for example, it is argued that the downside (DRF ),

credit (CRF ), and liquidity (LRF ) risk factors are not spanned by existing risk factors (including

the bond market factor (MKTB) as well as the Fama and French (1993) factors), thus enhancing

the explanatory power of the model. We reconcile the contrasting findings by showing that the

publicly available factors provided by BBW are not consistently calculated over the sample period

and suffer from lead and lag issues throughout for the DRF , CRF , and LRF factors, respectively.

Moreover, we show that truncating the MKTB factor in both tails as in BBW reduces its true risk

premium and favors alternative factors in multivariate tests.2.

Our main finding is important, as the initial asset pricing findings for corporate bonds docu-

mented by earlier studies have laid tenuous groundwork for further research. As an example, the

BBW four-factor model has become a de facto benchmark for assessing the risk-adjusted perfor-

mance of traded risk factors in the corporate bond market, akin to the Fama and French (1993)

1In incomplete markets, by assumption, there is a multiplicity of pricing kernels which may differ across asset
classes.

2We provide an extensive Internet Appendix and a publicly available code repository written in Python in order
to encourage the ‘open sourcing’ of empirical asset pricing in corporate bonds
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three-factor model in the evaluation of new stock-related factors.3 To investigate the economic

relevance of additional factors, beyond that of the bond market factor, we first employ widely-used

metrics such as the distance from the mean-variance frontier and maximum Sharpe ratio analy-

sis. Our exploratory analysis provides preliminary evidence that the additional factors proposed

in prior work do not outperform the value-weighted bond market factor in terms of investment

performance or mean-variance efficiency. That is, the improvement to an investor’s portfolio from

including these factors above and beyond holding the bond market portfolio is statistically and

economically marginal, at best.

Further, we follow Lewellen et al. (2010) (henceforth LNS) in our analysis who argue that the

ordinary least squares (OLS) estimator provides little economic interpretation and can yield large

R2s even when the fundamental asset pricing relation is violated. In a situation with substantial

heterogeneity in returns across different test portfolios –as is the case for corporate bonds – LNS

advocate the use of generalized least squares (GLS) metrics, which downweights the informational

content of standard OLS-based goodness-of-fit measures. When applying GLS estimation and

inference, the initial findings supporting the pricing ability of various corporate bond factor models

are substantially weakened. That said, it is important to note that even with the OLS estimator,

the pricing ability in the time-series and cross-section of corporate bond returns disappears when

using the majority of previously proposed bond factors. Simple two-pass cross-sectional regressions

using bond data from three different sources suggest that, if anything, only the value-weighted

corporate bond market factor matters. In addition, we argue that assessing the incremental pricing

of the corporate bond factors should involve a focus on the price of covariance risk, rather than

multivariate beta risk. In doing so, the majority of the proposed bond factors becomes redundant

for both OLS and GLS (across a variety of test asset portfolios and databases).

Our analysis highlights several statistical issues that are frequently overlooked in empirical asset

pricing. Among them, model misspecification and uncertainty are particularly salient. As economic

theory provides only limited guidance on the precise structure of the pricing kernel, it seems cau-

tious to explicitly recognize model uncertainty associated with evaluating the pricing ability of a set

of risk factors across different test asset portfolios. Model misspecification becomes a particularly

prominent issue in a situation where factors are chosen ex post and merely based on empirical rele-

3The erroneously constructed (publicly available) bond factors have been used in hundreds of asset pricing papers,
many published in top journals.
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vance rather than a theoretical foundation. As all financial models are constructed to approximate

an empirical reality, they are inevitably misspecified. It is therefore imperative to incorporate this

additional source of uncertainty in statistical inference. Fortunately, misspecification adjustments

for both linear and nonlinear models are now readily available, and such robust inference methods

remain valid even when the model is correctly specified. Employing these adjustments further rein-

forces the conclusion that the additional factors proposed in prior research exhibit no incremental

pricing ability over the bond market factor.

We re-estimate our asset pricing models using duration-adjusted bond excess returns as in

van Binsbergen and Schwert (2022) (henceforth VBS). Given the low and decreasing interest rate

environment experienced over the last twenty years, removing the interest rate return component

from corporate bonds while focusing on the credit component can deliver very different asset pricing

results. We then re-construct the BBW factors using the duration-adjusted bond excess returns

and show that they still fail to offer incremental pricing ability. In fact, for three out of the four

factors, the time-series factor return mean is statistically insignificant. This is in line with VBS

who show that the majority of the returns to investing in corporate debt over the last two decades

stems from exposure to low and declining interest rates.

We also investigate the ability of nontraded factors in pricing the cross-section of bond returns.

Prior work by Chung et al. (2019), Lin et al. (2011), and Bali et al. (2021) reveals great empirical

support for systematic volatility, liquidity, and macroeconomic uncertainty as priced risk factors

in the cross-section of corporate bond returns. In revisiting these findings, our results suggest

that most nontraded factors are statistically redundant and often spurious. That is, these factors

do not command statistically significant risk premia and do not improve the risk-return relation

for corporate bonds. Moreover, the risk premia associated with the nontraded factors from two-

pass cross-sectional regressions are economically small and statistically insignificant, regardless of

whether the bond returns are duration adjusted or not.

It is important to stress that we do not attempt to reconcile the empirical findings with an

underlying theoretical foundation in this paper, but we primarily focus on empirical and method-

ological considerations. While we believe that it is potentially valuable from a practical perspective

to include factors that capture downside, credit, or liquidity risk, we highlight some major chal-

lenges that empirical asset pricing is facing in the context of corporate bonds, and we provide
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some guidance and recommendations aimed at ensuring more dependable and less precarious in-

ference and evaluation of asset pricing models and factors. Our objective is to provide direction

for empirical asset pricing research in corporate bonds and to encourage further exploration of this

area.

The paper is organised as follows. In Section 2, we discuss the relevant data used in empirical

asset pricing studies for corporate bonds. In Section 3, we present descriptive evidence for the BBW

four-factor model and other model with traded factors, and we highlight the important replication

issues. Sections 4 and 5 introduce inference tools and procedures to assess the robustness of the

findings for the pricing ability of the considered traded factors. We present results for both time-

series and cross-sectional tests using various corporate bond test asset portfolios. In Section 6, we

examine models with nontraded factors and conduct a battery of tests that demonstrate that most

of the nontraded factor models that have been proposed to price the cross-section of corporate bonds

are poorly identified. In Section 7, we perform asset pricing at the bond level by estimating rolling

factor betas and conduct two-pass cross-sectional Fama and MacBeth (1973) regressions using both

traded and nontraded factors. We also employ the econometric methodology of Gagliardini et al.

(2016) to estimate time-invariant as well as time-varying risk premia for a number of proposed risk

factors and bond characteristics. Following van Binsbergen and Schwert (2022), in Section 8, we

reapply our main analysis using duration-adjusted corporate bond returns, while in Section 9 we

provide results for an extended sample in the attempt of enhancing the power of the tests. Finally,

Section 10 concludes.

2 Data and variable definitions

This section provides a detailed discussion related to generating monthly corporate bond data

using the Trade Reporting and Compliance Engine (TRACE) database and the Mergent Fixed

Income Securities Database (Mergent FISD). Alternate corporate bond databases include the pub-

licly available WRDS Bond Returns Module (WRDS), which uses the underlying Enhanced TRACE

database and Mergent FISD, and the privately available Intercontinental Exchange (ICE) database.

A full discussion of the data construction and filtering process for these databases is provided in

Section F of the Internet Appendix.
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2.1 Enhanced TRACE corporate bond data

For the main results, we use the enhanced version of the Trade Reporting and Compliance

Engine (TRACE) database for the sample period July 2002 to December 2016. This is exactly the

same database and sample period employed by BBW. TRACE offers intraday clean bond prices,

trading volume, and buy and sell indicators for all over the counter bond trades in the U.S. We

then combine the TRACE bond pricing information with the Mergent Fixed Income Securities

Database (Mergent FISD) to acquire bond characteristics such as the bond offering amount, date

of offering, maturity date, the coupon rate, frequency of coupon payments, bond classification, bond

rating, bond option characteristics, and issuer details. We closely follow BBW and filter the data

according to the following rules: i) Remove bonds that are not publicly traded in the US market.

These include bonds issued through private placement, bonds issued under Rule 144A, bonds that

are not traded in USD, and bonds from issuers not based in the United States; ii) Remove bonds

that are classified as structured notes, mortgage backed or asset backed, agency backed, or equity

linked; iii) Remove convertible bonds since this option feature distorts the return calculation and

makes it impossible to compare the returns of convertible and nonconvertible bonds. BBW keep

all other bond types with embedded optionality, including putable bonds. On average, more than

two-thirds of the bonds in the sample have an embedded call option. Removing bonds with call

options drastically reduces the sample, and this is discussed in full in the Internet Appendix;4 iv)

Remove bonds that have a floating coupon rate. This implies the sample contains all other coupon

types, including bonds with a fixed and zero coupon, as well as bonds with Payment-In-Kind (PIK)

coupon types; v) Remove bonds that have less than one year remaining until maturity. This rule

is consistent across major corporate bond indices like the Barclays Capital Corporate Bond Index,

the Bank of America Merrill Lynch Corporate Master Index, and the Citi Fixed Income Indices; vi)

Remove all intraday transactions for which the trade price is less than $5 or greater than $1,000.

This implicitly removes bonds that have defaulted or are close to default; vii) Eliminate all bond

transactions that are labeled as when-issued, locked-in, or have special sales conditions, and that

have more than a two-day settlement; viii) Remove transaction records that are canceled and adjust

records that are subsequently corrected or reversed. We follow the procedures outlined in Dick-

4BBW in their Footnote 11 claim in unreported results that their main results remain robust to the exclusion of
call options. We are unable to replicate this finding, nor confirm it.
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Nielsen (2009, 2014) to achieve this filtering;5 and ix) Remove intraday transaction records that

have trading volume less than $10,000.

It is important to note that the sample is inclusive of bonds issued by financial and utility

firms. These bond issues make up almost half of the Enhanced TRACE bond sample.6 As per the

original BBW paper, the sample is inclusive of junior debt and bonds with non-standard coupons

(e.g., PIK coupon bonds).

2.2 Corporate bond returns

To generate monthly time-series of corporate bond prices, and to calculate monthly bond re-

turns, one requires the clean price of the bond (P ) and accrued interest (AI) for each bond at the

end of each month. We follow the literature and first calculate the clean price of each corporate

bond on each day d as the volume-weighted average of the intraday bond trade prices. There-after,

we follow BBW’s unique method of converting daily bond prices to monthly. Specifically, the return

computation method identifies two possibilities for a valid bond return to be realised at the end

of any given month t: (i) there is a valid P at the end of month t and the end of month t − 1;

and (ii) there is a valid price at the beginning of month t and the end of month t. The ‘end of the

month’ condition is satisfied if the bond trades in the last five trading (business) days of any month

t. Conversely, the ‘beginning of the month’ condition is met if the bond trades in the first five

trading days of the month. This implies that if the bonds price is missing during the last five-days

of month t − 1, this price observation is set to the price during the first five-days of month t. If

a monthly price can be realized in both scenarios, preference is given to the price that is recorded

in the last five business days of month t− 1 as opposed to the first five days of month t. Accrued

interest is computed using the institutional grade bond pricing functions in the quantmod Python

package which use bond coupon-based variables in the Mergent FISD database.

The monthly corporate bond return at time t for each bond i in the sample is then computed

as

Ri,t =
Pi,t +AIi,t + Ci,t
Pi,t−1 +AIi,t−1

− 1, (1)

where Pi,t is the clean bond price for bond i as described above, AIi,t is accrued interest, and Ci,t is

5The SAS code to process the intraday TRACE data is publicly available from the WRDS Bond Returns Module
here. A Python code is made available on Alex Dickerson’s GitHub repository here.

6To be precise, of the 861,524 bond-month observations, over 300,000 belong to financial and utility firms.
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the coupon (if any) for month t. The return definition in Eq. (1) is standard and consistent across

all corporate bond databases when computing a return at the end of month t. The bond return in

excess of the one-month U.S. T-Bill rate of return is computed as ri,t = Ri,t − rf,t.

The final sample comprises 31,348 bonds issued by 3,792 firms with a total of 861,524 bond-

month observations over the sample period of July 2002 to December 2016. On average, we observe

4951 bonds per month over the sample. The replication of the BBW’s database yields fewer

bonds (BBW observe 38,957) and issuers (BBW observe 7,147). However, when using the publicly

available WRDS database or the ICE database, there are even fewer bonds and issuers. Across all

databases, we are able to observe 80% of BBW’s total bond number with Enhanced TRACE (92%

of firms), 47% with the WRDS database (84% of firms) and 41% with the ICE database (85% of

firms).7 In Section F of the Internet Appendix, we report a detailed breakdown of the number of

bonds and firms across all of the databases we consider and compare them to what is obtained in

BBW. In addition, for the Enhanced TRACE database we re-compute monthly returns when using

different criteria as to how far away from the beginning or end of the month a bond must trade.

We generate a very close match to the BBW sample if we allow a return to be valid if the bond

trades on any day in the month. See Panels A and B of Table A.59 of the Internet Appendix for

more information.

The number of bonds and firms in our sample is aligned with what is presented in Augustin

et al. (2020), Cao et al. (2022), Ceballos (2021), Huynh and Xia (2021), Bartram et al. (2020),

VBS, and many others, who also follow the filtering procedure described above or a close variation

thereof. None of these papers come anywhere close to the number of bonds or issuers BBW report

in their paper.

In Tables A.60, A.61, and A.62 of the Internet Appendix, we report the time-series averages

of the cross-sectional bond return distribution and bond characteristics including bond ratings,

amount outstanding bond value-at-risk, illiquidity, and maturity. Across all of the databases, the

statistics are more or less in-line with one another. Bearing in mind that the databases differ

substantially (TRACE uses only transaction based pricing, whereas ICE uses a combination of

transactions and dealer quotes), the descriptive statistics are very similar.

7We are unable to reconcile where the additional bonds and firms BBW observe come from. The number of eligible
bonds and firms after the filtering process across all three databases is consistently far less that what BBW report.
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2.3 Extended data sample

Given that most data samples used in the empirical corporate bond asset pricing literature are

very short (most exclusively rely on the Enhanced TRACE data which begins in July 2002), we

extend our bond sample back to 1986. To do this, we rely on the Lehman Brothers Fixed Income

database which provides quote based data spanning January 1973 to December 1997. However,

before 1986, there are very few observations on speculative grade debt, so we follow the literature

and truncate the Lehman sample to begin in January 1986. We then splice the Lehman data with

the ICE data from January 1997 (the start date of the ICE data) to July 2002. Thereafter we use

the Enhanced TRACE database. The splicing together of the three respective bond databases is

common in the literature (see Chordia et al. (2017) and Elkamhi et al. (2022) as examples). We

provide additional detailed discussion and analysis of the databases in Section F of the Internet

Appendix, where we describe all databases, and the associated cleaning procedures.

3 Common risk factors in the corporate bond market

3.1 Replicating the BBW four-factor model

Bai et al. (2019) propose a new four-factor model to price the cross-section of corporate bond

returns. The model includes the bond market factor (MKTB), the downside risk factor (DRF ),

the credit risk factor (CRF ), and the liquidity risk factor (LRF ). In addition, they also construct

the reversal factor (REV ), which is shown not to be a source of risk premia in the corporate bond

market. We strictly follow their paper to construct these factors.8 Note that when constructing

the factors, we do not winsorize bond excess returns. Doing so, systematically biases the factors

and dramatically reduces their volatility.

The bond market factor. (MKTB) The corporate bond market factor is constructed in a

similar fashion to that in the equity market. The MKTB factor is proxied by the average return

on all bonds in our sample weighted by their amounts outstanding.9

8The full replication code can be found on Alex Dickerson’s BBW 4-Factor Replication GitHub repository here.
9The bond ‘amount outstanding’ is the physical number of bonds (in units) that are traded in the market, and it

is the standard for ‘value-weighting’ returns in empirical asset pricing for corporate bonds.
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The downside risk factor. (DRF ) For each bond, we estimate the historical 5% VaR from

monthly returns in the past 36 months and use its absolute value as the downside risk measure

(VaR5).10 To construct DRF , for each month we independently sort bonds into 5 × 5 portfolios

according to their ratings and VaR5. Then, for each rating quintile, we calculate the weighted

average return difference between the highest VaR5 quintile and the lowest VaR5 quintile. Finally,

DRF is computed as the average long-short portfolio return across all rating quintiles.

The liquidity risk factor. (LRF ) We first compute a bond-level proxy for illiquidity. The illiq-

uidity measure (ILLIQ) is defined as −covt(∆pi,t,d,∆pi,t,d+1) where pi,t,d = log(Pi,t,d)− log(Pi,t,d−1)

is the log return of bond i on day d of month t and the covariance is calculated over all daily returns

in month t (Bao et al., 2011). To recognize a daily bond return, we require that the number of trad-

ing days between the lagged price and the current price be less than or equal to one-week (7 business

days). We also require at least 10 observations of the paired price changes, (∆pi,t,d,∆pi,t,d+1).
11

This procedure yields an estimate of ILLIQ for each bond i in the sample at the end of month

t. To construct LRF, for each month we independently sort bonds into 5 × 5 portfolios according

to their ratings and ILLIQ. Then, for each rating quintile, we calculate the weighted average re-

turn difference between the highest ILLIQ quintile and the lowest ILLIQ quintile. Finally, LRF is

computed as the average long-short portfolio return across all rating quintiles.

The credit risk factor. (CRF ) CRF is the equally-weighted average return on three ‘credit

portfolios’: CRFV aR, CRFILLIQ, and CRFREV . The credit risk factor across the VaR5 portfolios,

CRFV aR, is the value-weighted average return difference between the lowest-rating (i.e., highest

credit risk) portfolio and the highest-rating (i.e., lowest credit risk) portfolio across the VaR port-

folios. The credit risk factor across the ILLIQ portfolios, CRFILLIQ, is the value-weighted average

return difference between the lowest-rating (i.e., highest credit risk) portfolio and the highest-rating

(i.e., lowest credit risk) portfolio across the ILLIQ portfolios. Finally, the credit risk factor across

the reversal (REV) portfolios, CRFREV , is the value-weighted average return difference between

the lowest-rating (i.e., highest credit risk) portfolio and the highest-rating (i.e., lowest credit risk)

10The original DRF and CRF factors begin in August 2004, implying a minimum required number of rolling
observations of 24.

11Bao et al. (2011) also require that a bond trade on at least 75% of all business days (unconditionally) in the
sample. We do not impose this filter because it would introduce look-ahead bias in the ILLIQ estimates.
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portfolio across quintiles sorted on bond short-term reversal.

The reversal factor. (REV ) The return reversal factor, REV , is the value-weighted average

return difference between the short-term loser and the short-term winner portfolios (losers-minus-

winners) across the rating portfolios. We do not explicitly consider the REV factor in our main

analysis, primarily because the factor is not publicly provided by BBW. We do, however, provide

an extensive analysis on the REV factor in the Internet Appendix.

Replicated vs. original BBW factors. In Fig. 1, we plot the time-series of our replicated

factors and the original BBW factors, obtained from Turan Bali’s personal webpage.

Figure 1 about here

First, and quite strikingly, there is a lead error (look ahead error) in the original DRF and CRF

factors for the majority of the sample. In other words, the return value for month t is in fact the

value for month t+1. This error spans the sample period from 2004-08-31 to 2014-12-31 (the entire

sample except for 2015 and 2016). For LRF , there is a lag error which spans the sample period

2016-01-31 to 2016-12-31, i.e., the returns for month t are the returns for month t − 1. Both the

replicated and original MKTB factors do not have these errors.12 Second, it is also quite clear,

across all of the original factors, that the negative return realisations are much more attenuated

than for the replicated factors.13 We report replicas of Fig. 1 for the WRDS and ICE versions of the

BBW factors in Internet Appendix Figs. A.1 and A.3, which confirm the presence of the lead and

lag errors in the BBW publicly available factors. We correct the original BBW factors for the lead

and lag errors and present summary statistics of the original factors and the replicated factors in

Panels A and B of Table 1 below. We present the pairwise correlations between the original factors

and the replication in Panel C.1 and between the lead-lag corrected factors and the replication in

Panel C.2. Finally, the time-series correlations between the original and the replicated factors are

presented in Panels D.1 and D2.

Table 1 about here

12We provide extensive additional evidence and figures which highlight these errors in the Internet Appendix.
13In discussion with other academics who have liaised with BBW, we have been informed that the excess bond

returns used to construct the original factors were winsorized at the 0.50% level in each tail.
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Focusing on Panels A and B, the replicated factor means are not too far from their original counter-

parts. However, the standard deviations of the replicated factors are much higher. The standard

deviations for the replicated DRF and CRF are 40% and 82% higher than the originals. This

confirms the finding in Fig. 1, where the negative factor returns are strongly attenuated for the

original factors, which drives down the factor standard deviation. The same phenomenon occurs

for MKTB and its standard deviation, which is 37% higher in the replication. Turning to the per-

centiles, the minimum factor values for the replication are much smaller. Across all of the factors,

the minimum factor returns for the replicated factors are, besides MKTB, more than double the

minimum value of the original factors. For the case of CRF , the minimum value in the replication is

−21.91% compared to −8.84% in the original. Interestingly, the maximum values of the replicated

and original factors are much more aligned. In Section G of the Internet Appendix, we document

that the original MKTB factor closely mimics the “ICE Bank of America US Corporate Total

Return Index” once adjusted for the one-month U.S. T-Bill rate of return. This is very surprising,

because the aforementioned ICE index only tracks investment grade bonds.14

Turning to Panel C, the pairwise correlations between the original factors (with the lead-lag

error) and the replicated factors are presented in Panel C.1. The correlations for the DRF and

CRF factors are very low at 26% and 44% respectively, presumably because, for over 90% of the

sample, the original two factors have a one-month ahead look-ahead bias, i.e., the factor returns for

the end of month t are in fact the returns for month t+1. The pairwise correlations for MKTB and

LRF are reasonable at 94% and 83%, respectively. In Panel C.2, we report the pairwise correlations

between the corrected original factors and the replicated factors. The correlations for DRF and

CRF now jump up to over 90%, and the correlation for LRF increases to 88%. Panel D.1 reports

the factor correlations between the original factors, and Panel D.2 the factor correlations between

the replicated factors. For example, the correlation between MKTB and DRF is 79% in the

replication and only 28% in the original. Similarly, the correlations between LRF and MKTB

(47% vs. 62%) and LRF and DRF (32% vs. 80%) are also markedly higher in the replication.

Similar results are obtained when constructing the BBW factors with the publicly available

“WRDS Bond Returns” module and the “Intercontinental Exchange” (ICE) quote-based corporate

bond data, which is privately available from ICE under subscription. We report replicas of Table 1

14If BBW only considered investment grade bonds when constructing their version of MKTB, this is certainly not
mentioned in their paper.
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for the WRDS and ICE databases in Tables A.1 and A.8 of the Internet Appendix. Replicating

the factors across any of these databases delivers a similar message: the BBW original factors

have a lead-lag error with negative factor returns that are strongly attenuated (winsorized). When

using the WRDS Bond Returns and the ICE data, the factor means of the DRF, CRF, and LRF

are markedly lower. In Section G, we further discuss, in explicit detail, the errors in the publicly

available factors and conduct extensive robustness across two alternative bond databases. For the

main body of this paper and the remainder of the results, we rely on the replicated BBW four factors

using the Enhanced TRACE database using data filtering rules which strictly follow BBW.15

3.2 Additional traded factor models

We also analyze the pricing performance of some other models with traded factors that have

been considered in corporate bond pricing.

The CAPM. (CAPM) We include the value-weighted stock market factor (MKTS), which is

obtained from Kenneth French’s webpage. The inclusion of this factor is motivated by VBS, who

show that the CAPM is effective in pricing duration-adjusted corporate bond returns (i.e., bond

returns that are stripped of interest rate risk). Moreover, earlier work by Blume and Keim (1987),

Fama and French (1993), and Elton et al. (1995) find no evidence of mispricing when applying the

CAPM to corporate bonds.

The default and term model. (DEFTERM) Default risk (DEF ) and term structure risk

(TERM) were introduced by Fama and French (1993).16 DEF is defined as the difference between

the return on the market portfolio of long-term corporate bond returns (the Composite portfolio

on the corporate bond module of Ibbotson Associates) and the long-term government bond return.

The factor is meant to capture changes in economic conditions that affect the likelihood of default.

TERM captures common risk in bond returns induced from unexpected changes in interest rates

and is defined as the difference between the monthly long-term government bond return at the end

of month t and the one-month T-Bill rate of return measured at month t − 1. These two factors

15All replication codes and the BBW factors across the different databases can be found on Alex Dickerson’s BBW
4-Factor Replication GitHub repository here.

16The data to construct both factors are available on Amit Goyal’s webpage here.
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are also used in a similar form by Chen et al. (1986).

The intermediary capital models. (HKMSF and HKM) Intermediary asset pricing pro-

vides a novel view on the role of financial intermediaries in the pricing of major asset classes. Recent

work by He et al. (2017) (henceforth HKM) shows that a two-factor model including shocks to the

equity capital ratio of primary dealers and the stock market factor has nontrivial explanatory power

for the cross-section of returns on seven asset classes including corporate bonds. Given the possibly

strong pricing ability of this factor model, it is natural to include it in a more through analysis

that is concerned only with corporate debt. We employ the value-weighted equity return for the

New York Fed’s primary dealer sector (CPTLT ) as the single-factor in the traded version of the

intermediary capital risk factor model, and denote this model by HKMSF.17 For the two-factor

model, we combine CPTLT with the MKTS factor and denote this model by HKM.

3.3 Corporate bond test asset portfolios

We construct four sets of corporate bond test asset returns to estimate and test the various factor

models. We follow BBW and construct 25 size × maturity sorted bond portfolios. We independently

sort bonds each month into quintiles and then find the respective quintile intersections to produce

the 25 portfolios. We also sort bonds into 30 portfolios based on their Fama-French industry

classification. It is important to note that these two sets of test assets are not sorted on any bond

characteristics that are related to the construction of the BBW factors, which closely follows the

advice provided in LNS. We also construct two additional sets of test asset portfolios, that is, 25

size × rating sorted portfolios and 25 portfolios sorted on bond credit spreads.

4 Summary statistics, mean-variance frontiers, and Sharpe ratios

The BBW four-factor model has been widely recognized as a key benchmark for identifying the

impact of various sources of priced risk in corporate bond returns. In their time-series analysis,

BBW found that the average returns (risk premia) on all four factors are consistently positive and

statistically significant. Additionally, the positive and significant risk premia survive after control-

ling for other stock and bond factors in multivariate beta-pricing specifications. GRS tests using the

17The HKM factors can be downloaded on Zhiguo He’s webpage here.
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30 Fama-French industry and 25 size × maturity portfolios also confirmed the superior performance

of the BBW four-factor model compared to other factor models in pricing bond portfolios.

In this section, we revisit the evidence provided by BBW from an economic perspective and

explore cross-sectional asset pricing implications later on. We use monthly data for all factors

and test assets, covering the same sample period as BBW. (2004–08 to 2016–12 for a total of 149

observations) Our baseline results employ the replicated BBW four factors from the Enhanced

TRACE database. We present results using both the publicly available WRDS corporate bond

data and the Intercontinental Exchange (ICE) data in the Internet Appendix. Throughout, bond

returns are calculated in excess of the one-month US T-Bill rate of return, as in BBW. We report

the sample means for the factors comprising the four factors of BBW, the DEF and TERM factors,

MKTS, and the excess return on the traded version of the intermediary capital factor (CPTLT ) in

Panel A of Table 2. Associated p-values are presented in square brackets below, computed without

any adjustment for possible serial correlation.18

Table 2 about here

All of the BBW four factors are statistically significant at the 5% level except for CRF .19 The

standard deviations of DRF and CRF are almost double those of MKTB and LRF . The DEF

factor mean is tiny in magnitude and insignificant while the TERM mean is large and statistically

significant at the 10% level. The value-weighted stock market factor is significant at the 5% level

while the CPTLT factor mean is statistically insignificant.

Next, we employ the MKTB factor to compute the one-factor alpha across all of the remaining

factors. Surprisingly, after adjusting for bond market risk, the DRF , CRF, and LRF risk premia

(now interpreted as an ‘alpha’) drop drastically and are not statistically different from zero. In

fact, the only factor that yields any significant level of risk-adjusted return is the DEF factor (term

structure risk). This is in sharp contrast to the results presented in BBW, where even after using a

nine-factor model, the alphas on their credit, default, and liquidity risk factors remain alarmingly

18Throughout the paper, unless mentioned otherwise, all the results account for conditional heteroskedasticity but
not for possible serial correlation in the data. This is intentional, as we want to give the best possible shot to the
proposed factors and models. However, we also run all the tests using the automatic lag adjustment procedure
of Newey and West (1987) (henceforth NW). Overall, we find that the pricing performance of the various factors
becomes weaker when accounting for serial correlation in the data.

19Given the relatively large transaction costs associated with trading corporate bonds, the factor means should be
taken with caution if we were to interpret them as risk premia.
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large and highly statistically significant.

An inspection of the factor standard deviations and pairwise correlations reveals that DRF

is a more volatile version of MKTB. To further understand the properties of the BBW factors,

we examine model performance in terms of bias-adjusted squared Sharpe ratios. The details of

the analysis are provided in Barillas et al. (2020) (henceforth BKRS). Interestingly, among all

factors considered, MKTB yields the highest squared Sharpe ratio, followed by LRF and DRF .

The squared Sharpe ratio for CRF is statistically insignificant at conventional levels. The sample

squared Sharpe ratio of MKTS is marginally significant at the 10% level, with other factors such

as DEF and CPTLT yielding negative bias-adjusted squared Sharpe ratios.

In Panel B, we consider the sample bias-adjusted squared Sharpe ratios for the BBW, DEFTERM,

and HKM models. Strikingly, the BBW four-factor model has an even lower bias-adjusted squared

Sharpe ratio that the MKTB factor. In addition, the p-value of 0.095 indicates the model squared

Sharpe ratio is not significant at the conventional 5% level. This finding severely questions the

importance to introduce additional bond factors beyond the value-weighted bond market index.

Furthermore, the sample squared Sharpe ratios of the DEFTERM and HKM factor models are not

significantly different from zero at the 5% level. In the Internet Appendix we replicate Table 2 for

the other databases and present our findings in Tables A.2 and A.9, respectively. The factor means

and squared Sharpe ratios for the BBW factors for both the WRDS and ICE databases are even

lower, further supporting our findings with the Enhanced TRACE data.

Given these surprising findings, we now conduct pairwise model comparison tests based on

squared Sharpe ratios following BKRS. The differences in the bias adjusted squared Sharpe ratios

(row model minus column model) are presented in Panel A of Table 3 and their associated p-values

in Panel B.

Table 3 about here

The large p-values suggest that all of the models perform similarly. The bias-adjusted squared

Sharpe ratio of MKTB is higher than that of any other factor model considered. For example,

the bias-adjusted squared Sharpe ratio of simply holding the value-weighted bond market factor is

slightly higher than that of holding all four of the BBW factors. These results are consistent with

the findings of insignificant factor alphas using the MKTB factor in Panel A of Table 2, that is,
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DRF , CRF, and LRF are spanned by the bond market factor. We also provide visual evidence of

this finding by plotting the mean-standard deviation frontiers for the sets of test assets considered

in BBW (the 25 size × maturity and 30 Fama-French industry portfolios) as well as 25 size × rating

and 25 credit spread sorted portfolios. Fig. 2 reports the frontiers.

Figure 2 about here

In Fig. 2, we include tangency lines for the mean-variance efficient portfolios computed using the

basis assets in red. The slopes of the green and blue tangency lines represent the maximal attainable

Sharpe ratios from investing in the BBW factors and the bond market factor, respectively. We

do not bias-adjust the Sharpe ratio estimates in the figure. The tangency lines representing the

maximal attainable Sharpe ratios from investing in either MKTB or all four BBW factors are

practically indistinguishable, providing visual evidence that the two models perform roughly the

same (in terms of the Sharpe ratio metric). Furthermore, the slopes of the tangency lines for the

mean-variance frontier for each set of bond basis assets are much steeper than the tangency lines

for the respective factor models. The descriptive and economic intuition presented in Fig. 2 is

formalized in the form of the GRS test presented in Panel C of Table 3. The BBW four-factor

model is strongly rejected at the 1% significance level for three out of the four bond test portfolios.

The bond CAPM (CAPMB), however, is only rejected for two out of the four bond test asset

portfolios.

In Tables A.3 and A.10 and Figs. A.2 and A.4 of the Internet Appendix, we confirm these

results with the WRDS and ICE databases. Overall, the statistical results and economic intuition

outlined in this section are consistent with each other. The value-weighted corporate bond market

factor and the BBW four-factor model perform similarly and, in many cases, CAPMB outper-

forms the four-factor model. This key finding suggests that ad hoc factors contained in the BBW

model beyond MKTB are not required from an economic and statistical stand point. From an

investor’s perspective, it would be more beneficial to simply hold the bond market portfolio and, as

a consequence, avoid the large and persistent transaction costs from attempting to rebalance the

remaining BBW portfolios at a monthly interval. From a statistical, mean-variance perspective,

the additional factors are redundant across a range of tests, including the differences in squared

Sharpe ratios of BKRS and the seminal GRS test. These findings are qualitatively similar when
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using the pre-processed and publicly available transaction-based Enhanced TRACE bond returns

from the “WRDS Bond Module” as well as the privately available “Intercontinental Exchange”

corporate bond quote-based data. Overall, is it really necessary to utilize an ad hoc four-factor

model instead of CAPMB in pricing corporate bonds? Initial evidence suggests that this may not

be the case. In the following analysis, we will dig deeper and report goodness-of-fit measures and

risk premia estimates from two-pass cross-sectional regressions.

5 Goodness-of-fit measures and risk premia

This section reports cross-sectional asset pricing results for the various traded factor models

considered above (Tables 4–7).20 We include the OLS and GLS cross-sectional regression (CSR)

R2s (ρ̂2) and a test of correct model specification (Q̂c) based on the generalized Shanken (1985)

test statistic (CSRT) and its corresponding finite-sample p-value without imposing the null of exact

pricing. (See Kan et al., 2013, henceforth KRS, for details.) As for the risk premium estimates,

we report the t-statistic under correctly specified models (t-statc) and the misspecification-robust

t-statistic (t-statm) proposed by KRS.21 We do not adjust for serial correlation in the computation

of t-statistics and p-values. Doing so would render the standard errors of the estimates and the

p-values of the tests even larger.

A preliminary analysis of the rank of the β matrix (augmented with a vector of ones to capture

the presence of the zero-beta rate in the second-pass) confirms that all models are well identified

and suggests that the factors in each model are individually and jointly not weak. In this context,

the quantities of interest are well defined and inference can be carried out based on the usual critical

values of the tests. In Table 4, we report goodness-of-fit measures for the considered beta-pricing

models.

Table 4 about here

Consistent with the findings of LNS and Kleibergen and Zhan (2015), the OLS CSR R2s are

found to be often unrealistically large. It is well known that the OLS CSR R2 has little economic

20We always include the zero-beta rate in the cross-sectional regression and since the analysis is in terms of excess
returns, we test whether the zero-beta rate is equal to zero.

21 The t-statistics under correctly specified models are the standard generalized method of moments (GMM) t-
statistics under conditional heteroskedasticity. (See also Jagannathan and Wang,1998).
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interpretation and can be large even when the fundamental asset pricing relation is violated. For

example, when considering the 25 size × maturity test asset portfolios in Panel A, the OLS CSR R2s

range between 0.61 for HKMSF and 0.95 for BBW. Notice, however, that CAPMB’s R2 of 0.90 is

fairly close to the value of 0.95 for BBW, and every test will encounter difficulties in discriminating

between the two (more on this later). For all models, we cannot reject that their true R2s are

equal to 1 (correctly specified) and simultaneously equal to 0 (completely misspecified). This

latter finding, which is also confirmed by the CSRT of Shanken (1985), is likely due to a lack of

power of the tests in a setting where the total number of time series observations is only 149.

This is precisely the reason why in Section 9, we revisit the pricing performance of the various

factors/models based on an extended sample. As expected, for GLS in Panel C, we now observe a

substantial decrease in R2 values (ranging from 0.04 for HKMSF to 0.14 for BBW), with BBW being

now rejected at the 5% significance level by the CSR R2 test. For the 30 Fama-French industry

sorted portfolios, the values of the CSR R2s are substantially lower than for the 25 size × maturity

portfolios – ranging from 0.22 to 0.47 for OLS and from 0.01 to 0.06 for GLS, respectively. As the

subsequent analysis will further emphasize, all models have serious problems in pricing industry

sorted corporate bond portfolios. As for the 25 size × rating and 25 credit spread portfolios in

Panels C and D, we observe very high cross-sectional model R2s for OLS. However, for GLS, model

performance substantially deteriorates, and the BBW model achieves R2s of 12% and 11% for the

25 size × rating and 25 credit spread portfolios, respectively. Importantly, the BBW model, as most

of the other proposed models, is strongly rejected by the data on these sets of test asset portfolios.

Overall, the amplified performance of BBW (and of the other models) under an OLS weighting

scheme is seriously compromised when considering GLS, with strong rejections at conventional

significance levels.

To further emphasize the lack of incremental explanatory power of BBW over CAPMB, we

report R2-based tests of pairwise model comparison in Table 5. (See KRS for details.)

Table 5 about here

There is no instance of outperformance of BBW over CAPMB as the relatively small differences

in R2 values translate into very large p-values of the tests. In the GLS case, the differences in

R2 values for all models are so small that lack of power is to be expected. It is reassuring to see
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that our CSR findings largely confirm the economic analysis based on Sharpe ratios of the previous

section.

We further explore the pricing performance of the various factors using OLS and GLS two-pass

CSRs. In particular, in Table 6, we focus on the price of multivariate beta risk while we examine

the possible incremental explanatory power of non-market factors in Table 7.

Table 6 about here

Based on t-statm and a 5% significance level of the test, Panel A of Table 6 (OLS case) shows that

DRF, CRF, and LRF are not priced across test asset portfolios, while MKTB is often priced in

CAPMB and BBW. The pricing performance of all of the factors is particularly poor for industry

portfolios, and it improves substantially when sorting based on credit spreads. With portfolios

sorted on credit spreads, MKTB, DEF, TERM, MKTS, and CPTLT seem to command statis-

tically significant risk premia. For GLS, the results are largely consistent with the OLS case. We

now notice some pricing ability of LRF for portfolios sorted on size and maturity and of CRF for

credit rating sorted portfolios.

Importantly, as previously noted, it is incorrect to focus on the price of beta risk (the gam-

mas) if the factors are correlated (Table 1 shows that the factor correlations are sizable) and the

researcher intends to perform model selection based on the parameter estimates. In this case, as

strongly argued by Cochrane (2005) and KRS, one needs to consider the price of covariance risk

(the lambdas).

Table 7 about here

As shown in Table 7, when looking at the lambdas, the pricing ability of all of the BBW factors is

largely compromised, regardless of the test asset portfolios considered in the analysis and OLS vs.

GLS. Using misspecification-robust standard errors and a 5% significance level, there is no evidence

of incremental pricing for DRF, CRF, and LRF . These results suggest that there is no need for

a factor model with four factors since the additional factors do not significantly improve on the

pricing ability of MKTB.

In summary, when considering the four-factor model of BBW, we find no evidence of incremental

pricing over the sample period that they study. CSR results with the WRDS and ICE databases

19



are in the Internet Appendix and are consistent with the analysis in the paper. (In the Internet

Appendix, see Tables A.4–A.7 for WRDS and Tables A.11–A.14 for ICE.) We believe that the

excellent performance of BBW’s four-factor model is largely due to errors in the construction of the

factors, conducting model selection based on gammas instead of lambdas, focusing on OLS only,

and not accounting for potential model misspecification in the analysis.

6 Nontraded factors and the cross-section of corporate bond re-
turns

In this section, we consider several nontraded factor models that have been shown to price

the cross-section of excess corporate bond returns. Across the six models considered, most of the

factors are publicly available from the various authors’ websites. However, the aggregate liquidity

indices are not publicly available, and we reconstruct them using the intraday TRACE price and

volume data.

6.1 Nontraded factor models

The various models are listed below. To conserve space, we only consider the main specifications

in the original papers. Robustness exercises are available from the authors upon request.

Macroeconomic uncertainty risk. (MACRO) The role of macroeconomic uncertainty in the

cross-section of corporate bonds is studied by Bali et al. (2021) (BSW). The model includes the

value-weighted corporate bond market factor, MKTB, and the monthly change in the macroeco-

nomic uncertainty index, UNC, which is publicly available from Sydney Ludvigson’s website here.

BSW find a large and statistically significant monthly uncertainty premium of 0.40% for investment

grade bonds and 0.81% for non-investment grade bonds. We denote the macroeconomic uncertainty

model by MACRO.

Aggregate liquidity risk. (LIQPS and LIQAM) Lin et al. (2011) show that aggregate

liquidity risk is a priced risk factor in the cross-section of corporate bond returns. We closely follow

their methodology and employ the intraday Enhanced TRACE price and volume data to construct

the Pastor and Stambaugh (2003) (PS) and Amihud (2002) (AM) liquidity factors for corporate
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bonds.22 The aggregate liquidity risk factor models consist of the Fama-French three stock market

factors (MKTS, SMB, and HML), the DEF and TERM factors, and either the PS (LIQPS

model) or the AM (LIQAM model) liquidity risk proxies.

Aggregate volatility risk. (VOLPS and VOLAM) We follow Chung et al. (2019), who

examine the pricing of systematic volatility risk in the cross-section of corporate bonds and posit a

seven-factor asset pricing model. The model includes the Fama-French three stock market factors,

the DEF and TERM factors, a liquidity risk factor (PS or AM from above), the first difference

in the Chicago Board of Exchange (CBOE) VIX (V IX), and the lagged first difference in the VIX

(V IXt−1).
23 The change in the VIX index proxies for aggregate volatility risk. We source data on

the VIX from FRED available here. The original authors find a statistically significant and negative

risk premium for holding bonds that are exposed to aggregate volatility risk. The premium ranges

between −0.21% to −0.14% per month. We denote the aggregate volatility risk factor models by

VOLPS when controlling for the PS illiquidity risk factor and VOLAM when controlling for the

AM illiquidity risk factor, respectively.

Nontraded intermediary capital risk. (HKMNT) We consider the two-factor model of He

et al. (2017) which includes the MKTS factor and the nontraded intermediary capital risk factor

(CPTL) from Zhigou He’s personal website here.

6.2 Rank tests and price of beta risk

Similar to the traded factor case, we first subject the various models to rank tests to determine

whether they are well identified. Next, we investigate whether the various factors are priced in

the cross-section of corporate bond returns. Kan and Robotti (2012) strongly advocate the use

of an (approximate) finite-sample F -test (denoted by J3 in Table 8) to determine whether the

(augmented) beta matrix is rank deficient. Their proposed test appears to have desirable size

and power properties even under strong conditional heteroskedasticity. In addition, we report two

22The full replication code for the aggregate liquidity factors is available here.
23As the original authors do, we also include the lagged first difference in the VIX as an additional factor in the

models. This is motivated by the authors’s claim that bond returns react in a lagged fashion to changes in market
volatility and new information.
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asymptotic rank tests, J1 and J2, that are valid under conditional heteroskedasticity and conditional

homoskedasticity, respectively. (See Kan and Robotti (2012) for details.)

For brevity and ease of presentation, we restrict the test assets to the 25 size × maturity and

30 Fama-French industry sorted portfolios. (The results for the 25 size × maturity and 25 credit

spreads portfolios are available upon request.)

Table 8 about here

Table 8 reports the three rank tests and their corresponding p-values in square brackets. For four

of the six beta-pricing models, we cannot reject the null of reduced rank of the augmented beta

matrix. The liquidity and volatility models in their Pastor-Stambaugh and Amihud formulations

appear to be weakly identified, and OLS risk premium analysis must be interpreted with caution

in this scenario. In contrast, misspecification-robust GLS inference remains asymptotically valid

even when some or all of the factors in an asset pricing specification are weak. (See Gospodinov

and Robotti, 2021, for details.) As for the macro uncertainty and nontraded intermediary capital

models, there is no evidence of identification problems.

Further, we assess whether the factors in the above empirical specification command statistically

significant and large risk premia by focusing on the price of beta risk in Table 9.

Table 9 about here

Regardless of OLS or GLS, the results in the table indicate that none of the factors in the various

models are priced in the cross–section of portfolio-level corporate bond returns.24 Results across

the ICE and WRDS databases deliver very similar results and are available upon request. In later

sections, we will investigate the robustness of our main results on traded and nontraded factor

models by focusing on an extended sample and duration-adjusted bond returns.

7 Bond-level analysis

To investigate, at the bond level, whether prominent risk factors in the bond market capture

systematic variation in bond returns and lead to sizable risk premia, we first estimate risk premia

24The analysis based on the price of covariance risk also confirms the main findings of this section.
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based on portfolio sorts and plain Fama-MacBeth two-pass cross-sectional regressions. Then, we

turn to the large N and large T method of Gagliardini et al. (2016) to add rigour to the analysis.

7.1 Rolling betas

Following the standard approach in the literature, for each bond in the sample, factor betas

are estimated from monthly (fixed-window) rolling regressions of excess corporate bond returns on

factors. For each model, the betas are estimated jointly, i.e., when estimating the BBW four-factor

model, we include all four factors in the rolling regression. Specifically, for each bond, we estimate

the factor betas in each month using the previous 36 monthly observations, with a minimum of 24

months required to include the coefficient estimate in the sample:

ri,t = αi,t + βi,tft + εi,t, (2)

where ri,t denotes the excess return of bond i at time t, and ft denotes the time-t K-vector of

factors for each model we consider. This procedure yields a time series of factor betas for each

bond in the sample spanning the BBW period 2006:08 to 2016:12 (125 months).25 We then use

the estimated factor betas and conduct standard empirical asset pricing tests using both portfolio

sorts and cross-sectional Fama-MacBeth regressions.

Throughout, we present what we refer to as ‘contemporaneous’ and ‘predictive’ results. The

contemporaneous portfolio sort results report average bond returns across quintiles for returns

observed at the end of month t, sorted on factor betas observed at the end of month t. The same

approach applies to the Fama-MacBeth regressions. This contemporaneous relationship between

the factor betas and realized returns aligns with what is reported in the unconditional portfolio-

level analysis. The contemporaneous relationship between the estimated factor loadings and the

risk premia is the foundation of the cross-sectional risk-return relationship (Ang et al., 2006a).26

We also report results which we refer to as ‘predictive’ or ‘one-month ahead’. In this case, we

sort bonds into quintiles, with betas estimated at the end of month t and hold these bonds over

the following month t + 1. Since the returns are realized over the following month, the procedure

is inherently ‘out-of-sample’. Akin to the portfolio sorts, for the Fama-MacBeth regressions we

25The minimum number of observations equalling 24 follows both BBW and VBS.
26See, among others, Ang et al. (2006b), Black et al. (1972), Gibbons (1982), and more recently Chung et al. (2019)

and Lin et al. (2011) for corporate bonds.
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regress the one-month ahead bond excess returns realized at t+ 1 on the factor betas estimated up

until month t. The latter approach is what is presented in BBW, VBS, and BSW. The former is

what is presented in the papers on nontraded aggregate liquidity and volatility bond factor models

mentioned above.

7.1.1 Traded factor models

Portfolio sorts. At the end of each month t, we sort corporate bonds into quintiles based on their

factor betas, and we record the excess returns at month t (contemporaneous) and t+1 (predictive).

We then compute the time-series average of each value-weighted quintile portfolio and the average

High-Low portfolio spread.27 The t-statistics are based on NW standard errors.28 We report the

results for contemporaneous sorts in Table 10.

Table 10 about here

None of the factor models generate a statistically significant average High-Low spread. The port-

folios sorted on the MKTB factor betas in CAPMB generate the largest spread of 0.91% per

month (t-ratio of 1.30), with a monotonically increasing pattern in average portfolio returns from

0.34% per month for the low MKTB beta portfolio to 1.25% per month for the high MKTB beta

portfolio. The sorts based on the BBW factor betas generate small and statistically insignificant

average spreads that range from 0.03% from sorting on the LRF beta to 0.25% from sorting on

the CRF beta. The portfolios also exhibit a ‘U-shaped’ pattern, implying that the highest contem-

poraneous returns are in the lowest and highest beta exposure portfolios. Notably, the CPTLT

factor beta from the two-factor HKM model generates a statistically insignificant negative spread

in contemporaneous average bond returns.

We present the results for the predictive sorts in Table 11.

Table 11 about here

27Portfolios are value-weighted using bond amount outstanding. Amount outstanding is the number of units of the
bond that are currently outstanding.

28We set the lag length equal to floor(T 1/4), which amounts to using three lags for the BBW sample and four lags
for the extended sample.
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The only factor model that generates an economically sizable and statistically significant risk pre-

mium from the predictive portfolio sorts is CAPMB. The average portfolio returns increase mono-

tonically from 0.32% to 1.18% with an average High-Low spread of 0.87% (t-statistic of 2.02). The

only other factor model that comes close to achieving a significant average spread in portfolio re-

turns is the equity CAPM, which produces a spread of 0.83% per month (t-statistic of 1.63). None

of the other factor models, BBW included, produce any statistically significant average High-Low

spread across the factor beta-sorted portfolios.

Fama-MacBeth regressions. We further examine the cross-sectional relation between the fac-

tor betas and contemporaneous and one-month ahead bond excess returns using Fama-MacBeth

regressions. At the end of each month (usual monthly updating), we run the following cross-sectional

regression:

ri,t+τ = γ0,t + β̂i,tγt + εi,t+τ , (3)

where ri,t+τ is the excess return of bond i in month t + τ , and β̂i,t is the vector of estimated

factor model betas of bond i in month t. For contemporaneous regressions, we set τ = 0, and for

predictive regressions we set τ = 1. Table 12 reports the time-series average of the intercept and

slope coefficients, and the adjusted R2 values for the contemporaneous (Panel A) and predictive

(Panel B) Fama-MacBeth regressions. NW t-statistics are reported below the coefficients in square

brackets.

Table 12 about here

Panel A confirms our findings based on the analysis with portfolio sorts, that is, none of the

factor models yield risk premia that are statistically significant at any conventional level. Turning

to Panel B, the MKTB factor generates a marginally significant risk premium in both CAPMB

model and BBW. Strikingly, the DRF , CRF, and LRF factors fail to deliver risk premia that are

significant any nominal level of the tests. The CPTLT factor in HKMSF delivers a marginally

significant risk premium of 1.50% (t-statistic of 1.70).

7.1.2 Nontraded factor models

Portfolio sorts. We report the univariate quintile sorts in Table 13.
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Table 13 about here

For the contemporaneous portfolio sorts in Panel A, none of the nontraded factors command any risk

premia. In Panel B, the predictive sorts results are quite surprising. BSW report an economically

sizable and highly statistically significant average High-Low spread from sorting on β̂
UNC

of −0.76%

per month (−9.26% per annum) with a NW t-statistic of −3.24. In our replication, we estimate

an average High-Low spread of −0.67% per month (NW t-statistic of −1.88). Our sample period

is (almost) identical to the one in BSW, and we closely follow their methodology to compute the

rolling β̂
UNC

s and form quintile portfolio returns. The only difference is that we use our replicated

MKTB factor in the rolling regressions, as opposed to the one that is publicly available. The

finding presented here is robust to using the WRDS Bond Returns module and the ICE dataset.29

In fact, based on either the WRDS or ICE data, the average High-Low spread is even smaller in

magnitude and statistically insignificant. The nontraded intermediary capital risk-factor (CPTL)

is marginally significant at the 5% level with a monthly average High-Low spread of 0.55%. Neither

of the aggregate liquidity risk factors command sizable risk premia, that is, the average High-Low

spread from sorting on β̂
PS

or β̂
AM

is 0.35% and −0.03%, respectively. Exposure to the aggregate

volatility risk factor (change in the VIX index), while controlling for the AM factor, yields a

marginally significant premium of −0.32% per month with a t-statistic of −1.67.

Fama-MacBeth regressions. We report the Fama-MacBeth estimates for nontraded factor

models in Table 14.

Table 14 about here

As for the traded-factor case, Panel A (B) reports the contemporaneous (predictive) risk premium

results. For the VIX risk premium, we follow Chung et al. (2019) and define the VIX beta as

β̂
V IX

t = β̂
V IX

t + β̂
V IX

t−1 , where a lag of the VIX is included in the rolling beta estimation. As for the

portfolio sorts, the nontraded factors do not command any risk premia for the contemporaneous

case (Panel A). In Panel B, the macroeconomic uncertainty premium is −0.42% per month and

statistically significant at the 10% level compared to −0.458% (t-statistic of −3.72) presented in

29A detailed replication code is provided using the publicly available WRDS Bond Returns module, which is
available on Alex Dickerson’s GitHub page here.
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BSW. Exposure to the VIX is marginally significant at the 5% level for the VOLAM model and

significant at the 10% level for the VOLPS model. The estimated aggregate volatility risk premia

are −0.44% and −0.41%, respectively. Exposure to MKTS commands a statistically significant

risk premium ranging between 0.82% and 0.92% at the 10% level for the LIQPS, LIQAM, VOLPS,

and VOLAM models, respectively.

7.2 Gagliardini et al. (2016): unconditional and conditional betas

Since an asymptotic theory for rolling betas has not been developed yet, we now employ the

newly proposed methods of Gagliardini et al. (2016) (GOS), which is asymptotically justified in

a large N and large T environment. The methodology is explicitly designed to handle large and

unbalanced panel datasets.30 For this section, we exclude any bond from the sample which has

a number of bond-month observations less than 24. Instead of relying on rolling betas, GOS

specify the betas as linear functions of common and asset-specific instruments. After an initial

unconditional analysis, we then turn to the conditional case.

7.2.1 Time-invariant betas

We maintain the same terminology used by GOS. We operationalize the time-invariant speci-

fication by setting χ1,T = 15. This is the same trimming number used by the original authors in

their empirical application.

Traded factor models. As in the previous analysis, we estimate the six time-invariant beta-

pricing models using the TRACE dataset over the BBW sample period. We report the time-

invariant bias-adjusted risk premia (γ̂), confidence intervals, and the number of bonds in the sample

after trimming (nχ) in Table 15.

Table 15 about here

The results, across factor models, are broadly supportive of what has been presented in both the

portfolio-level and bond-level price of beta risk analysis. The estimated risk premium for the

30Throughout the analysis, we specialize to our setting the publicly available Matlab code of Elisa Ossola on her
personal wesite.
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bond market factor is 0.54% per month, and it is significantly different from zero. For the BBW

four-factor model, the magnitude and significance of the risk premium on MKTB remains intact.

However, both the DRF and CRF factors yield risk premia that are not significantly different from

zero. At 0.30% per month, the LRF premium is barely significant at the 5% level. The equity

market factor receives a sizable premium of 1.71% in CAPM, and so does CPTLT in HKMSF,

which is not surprising given its very high correlation with the stock market index. This result

confirms the findings in van Binsbergen and Schwert (2022), albeit with bond returns in excess

of the one-month T-Bill rate of return as opposed to duration-adjusted bond returns. For the

DEFTERM model, the default risk factor DEF appears to be priced, with an estimated monthly

risk premium of 0.42%. In contrast, the term structure premium is not significantly different from

zero. Finally, for the two-factor specification of HKM, it is interesting to notice that only MKTS

yields a significant risk premium. Overall, the statistical significance of the premia is in line with

the results in Panel B of Table 12.

Nontraded factor models. We follow the same procedure described above to estimate risk

premia in the various nontraded factor models. We report the results in Table 16.

Table 16 about here

The macroeconomic uncertainty factor, the aggregate liquidity factors, and the nontraded interme-

diary capital factor generate statistically insignificant risk premia. However, the contemporaneous

VIX factor does lead to a statistically significant risk premium for both the VOLPS and VOLAM

models. Once again, the results are broadly in line with what was presented in the portfolio-level

and the prior bond-level analysis. Furthermore, across all models, MKTS yields economically

sizable risk premia and is statistically significant at the 5% level of the test.

7.2.2 Time-varying betas

We now consider the time-varying specification of GOS with a specific focus on the BBW four-

factor model and both CAPMB and CAPM. In a departure from the original authors and in light

of the smaller sample size (T = 209 over the period 2004:08 to 2021:12), we set the trimming

parameter χ1,T equal to T/4. This, unfortunately, results in a higher conditioning number, but it
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allows a broader cross-section of bonds to be included in the estimation.31 To account for time-

varying alphas, betas, and risk-premia, we use a conditional specification based on one common and

one bond-specific instrument. Specifically, we employ the default spread as the common instrument

(defined as the yield difference between Moody’s Baa rated and Aaa-rated corporate bonds), and

the corporate bond credit spread as the bond-specific instrument. Note that in the time-varying

case, the excess returns are measured from t to t + 1, with the instruments available at time t.

Figs. 3 and 4 plot the estimated time-varying paths of the BBW four-factor model risk premia

estimated at the bond level. The dashed horizontal red line represents the time-invariant estimate

presented in Table 15, whilst the dark blue horizontal line is the average conditional estimate of

the time-varying risk premium.

Figures 3 and 4 about here

All estimated risk premia exhibit a countercyclical pattern. This aligns with what is found by

BBW, who show that their model’s risk premia (average returns) are significantly higher during

NBER recession periods and when the Chicago Fed National Activity Index (CFNAI) is less than

−0.70. The estimated conditional risk premia for MKTB and LRF exhibit the tightest confidence

intervals. The confidence bands for DRF and CRF are far more volatile, especially during economic

downturns.

Overall, the bond-level results broadly confirm what has been found in the squared Sharpe

ratio analysis and portfolio-level analysis. If anything, only the MKTB factor commands a risk

premium in the cross-section of corporate bond returns. The BBW premia on DRF , CRF, and

LRF are all economically small and statistically insignificant. These results further demonstrate

that these factors do not capture common risks in the corporate bond market – contrary to what

is claimed by BBW.32 Our findings also reinforce the cross-sectional asset-pricing results presented

in VBS.

31Setting χ1,T = 15 resulted in the trimming procedure removing almost all of the bonds from the sample.
32This finding has also been documented by VBS, who note that after contacting BBW and confirming that their

own code was correct, the findings documented in the BBW paper cannot be replicated. Note that our coefficient
estimates are different from those presented in VBS because VBS employ the publicly available and flawed BBW
factors in their analysis.
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8 Duration-adjusted bond returns

Recent work by VBS shows that over the past forty years, the majority of corporate bond

returns can be attributed to a secular decline in U.S. interest rates. Their findings suggest that

duration adjusting corporate bond returns resolves the CAPM’s failure to price corporate bonds.

The asset pricing implications of stripping out the effect of the decline in interest rates remain largely

unexplored. We address the concerns raised in VBS, compute duration-adjusted bond returns and

revisit the main results of our paper. In doing so, we estimate and test the BBW four-factor model

using duration-adjusted returns, as opposed to returns in excess of the one-month U.S. T-Bill rate.

It is also important to note that bond traders and bond portfolio managers predominantly care

about the credit component of corporate bond returns. The interest rate risk (duration) component

can be easily hedged using Treasury bond futures or Treasury bonds themselves.33

We compute duration-adjusted returns for the Enhanced TRACE and WRDS Bond Returns

module by following a similar methodology used also by ICE. We employ U.S. Treasury bond

return and duration data provided by CRSP Fixed Term Indices. For each bond in any month t,

we linearly interpolate between the two closest key rate durations provided by CRSP relative to

the duration of the bond. We then use the weights from the linear interpolation to compute the

Treasury bond return that matches the duration of the corporate bond in month t. For the data

provided by ICE, the duration-adjusted returns come pre-computed with an adjustment for bond

embedded call options. Duration-adjusted bond returns for each bond i in month t is computed

as: rDur.Adj.i,t = Ri,t − rDuri,t , where Ri,t is the total return on the corporate bond defined in Eq. 1,

and rDuri,t is the portfolio of U.S. Treasury bonds that matches the duration of bond i in month t.

8.1 Portfolio-level results

Using duration-adjusted bond returns, we replicate the portfolio level results (Tables 2 to 9)

with the Enhanced TRACE database. For brevity, we present the duration-adjusted results for the

Enhanced TRACE database in the Internet Appendix in Tables A.30 to A.37.

33We thank practitioners from Barclays Capital and Prudential Asset Management for making us aware of this
fact.
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Traded factor models. In Panel A of Table A.30 of the Internet Appendix, only CRF exhibits

a statistically significant risk premium at the 5% nominal level. The average returns (risk premia)

on MKTB, DRF, and LRF are all statistically indistinguishable from zero at the 5% level of

significance. After controlling for the bond market factor, none of the three remaining BBW factors

exhibit sizable premia, that is, they are spanned by the duration-adjusted bond market factor. A

similar finding is observed for the squared Sharpe ratios (Sh2). Of the BBW factors, only CRF

yields a significant squared sample Sharpe ratio (0.031 with p-value of 0.032). Turning to Panel B,

and confirming our findings in the main text when using bond returns in excess of the one-month

risk-free rate, the BBW factor model’s squared Sharpe ratio is statistically indistinguishable from

zero (p-value of 0.252).

In Table A.31 of the Internet Appendix, we analyze the differences in model squared Sharpe

ratios presented in the main text using duration-adjusted factor and returns. Panels A and B sug-

gest that the difference in squared Sharpe ratios between BBW and any other model is statistically

indistinguishable from zero. The large p-values across most pairwise model comparisons indicate

that all of the models perform similarly. However, unlike the results presented in Table 3 of the

main text, the bias-adjusted squared Sharpe ratio of the BBW model is at least larger than the

one of the MKTB factor, albeit statistically insignificantly so.

In Tables A.32 to A.35, we present CSR goodness-of-fit measures and prices of beta and covari-

ance risk for both OLS and GLS. The results in the tables largely confirm our main results with

excess returns. There is no instance where the BBW model outperforms the bond market CAPM,

regardless of whether we adopt an OLS or GLS weighting scheme. Even for size and maturity

sorted portfolios, although the difference in OLS cross-sectional R2s is fairly large (−0.379), BBW

does not significantly outperform CAPMB (p-value of 0.278). We also confirm the inability of

all the models to price the cross-section of industry sorted portfolios. As for size and rating and

credit spread sorted portfolios, the performance or CAPMB, CAPM, and HKMSF is quite robust in

terms of pricing, with often significant prices of beta and covariance risk for MKTB, MKTS, and

CPTLT in OLS and GLS. These findings provide some support to the claim of VBS that CAPM

works better when using duration-adjusted test asset returns and bond factors. Once again, we

find little to no evidence of incremental pricing ability for DRF, CRF, and LRF.

31



Nontraded factor models. We explore possible identification issues and re-estimate the price

of beta risk for the six nontraded factor models using the 25 size × maturity and 30 Fama-French

(FF) industry sorted portfolios constructed using duration-adjusted bond returns. For the MACRO

nontraded factor model, we replace MKTB with its duration-adjusted counterpart. The remaining

factors remain exactly the same. We present the results for the rank tests and price of beta risk in

Tables A.36 and A.37 of the Internet Appendix, respectively. As for the nontraded factor models

based on excess returns, the various rank tests signal identification failure for the liquidity and

volatility models in their Pastor-Stambaugh and Amihud formulations. Evidence of pricing is

completely elusive when considering OLS. For GLS and size and maturity sorted portfolios, we find

some evidence of pricing for the macro uncertainty factor in MACRO, with a premium of −0.69

and an associated robust t-ratio of −2.10. As for GLS and industry sorted portfolios, we find some

evidence of pricing for the nontraded financial intermediary factor in HKMNT (with a premium

of 1.61 and an associated robust t-ratio of 2.18) and for the TERM factor in the liquidity and

volatility models. The main message from this section is that duration adjusting portfolio and

factor returns does not rescue the BBW model and, for the most part, the other nontraded factor

models that have been proposed in the literature.

8.2 Bond-level results

Traded factor models. In Tables A.38 to A.41 of the Internet Appendix, we implement bond-

level portfolio sorts, Fama-MacBeth regressions, and GOS methods using duration-adjusted bond

returns. The BBW and CAPMB factors are also based on duration-adjusted returns.

For the contemporaneous portfolio sorts presented in Table A.38, the results closely mimic those

based on excess returns. None of the factors generate a statistically significant average High-Low

spread. The same holds true for the predictive sorts presented in Table A.39. The Fama-MacBeth

risk premia estimates are presented in Panel A (contemporaneous) and B (predictive) of Table A.40.

Panel A confirms the results of the portfolio sorts. In Panel B, only LRF generates a statistically

significant risk premium of 0.22% (t-statistic of 2.23). The CRF factor is marginally significant

at the 10% level with a risk premium of 0.26% per month. Finally, Table A.41 confirms the main

finding of VBS, that is, the equity market factor is priced in the cross-section of individual corporate

bonds. Overall, our results closely mimic what is observed in VBS in their cross-sectional asset
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pricing results over a similar sample period.

Nontraded factor models. In Tables A.42–A.44 of the Internet Appendix, we analyze non-

traded factor models based on duration-adjusted returns using portfolio sorts, Fama-MacBeth re-

gressions, and the GOS methodology. For brevity, we report the average returns and High-Low

spread for the factor of interest across the nontraded factor models based on the contemporaneous

(Panel A) and predictive (Panel B) sorts in Table A.42 of the Internet Appendix. As was the case

with the traded factor models, none of the factors in Panel A yield a significant average High-Low

spread. In Panel B, the results suggest that the UNC factor has a statistically significant High-

Low spread of −0.50% per month (t-statistic of −2.37), albeit the pattern in average returns is not

monotonically decreasing. The nontraded CPTL factor of HKM also generates a positive average

High-Low spread of 0.58% (t-statistic of 2.38). Neither the PS or the AM factors lead to any sort

of predictive average High-Low spread in the cross-section of one-month ahead duration-adjusted

bond returns. Finally, the V IX factor within the VOLAM factor model is marginally significant

with a negative average High-Low spread of −0.32% per month. The Fama-MacBeth risk premia

estimates broadly confirm what is presented in the portfolio sorts. In Panel A of Table A.43, only

the PS factor from the LIQPS model is statistically significant at the 10% level, albeit with the

incorrect sign (negative risk premium). In Panel B, confirming the predictive portfolio sorts results,

UNC, CPTL, and V IX are all marginally statistically significant at the 10% level with the correct

sign. Finally, Table A.44 indicates that, across all models, the nontraded factors always receive a

zero price of beta risk.

9 Extended sample

We revisit the main results (Tables 2 to 9) using an extended sample that combines the Lehman

Brothers Fixed Income dataset from 1986:01 to 1996:12, the ICE dataset from 1997:01 to 2002:07,

and the TRACE dataset from 2002:08 to 2021:12. This yields a total of 432 monthly observations.

We conduct the analysis with both bond returns in excess of the one-month risk-free rate and with

duration-adjusted bond returns. When constructing the factors for the BBW model, we follow

the original authors and drop the LRF factor because it explicitly relies on the intraday TRACE

transaction data to construct, which is only available much later in the sample. As a result, the
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BBW model for the extended sample comprises MKTB, DRF, and CRF only.

9.1 Portfolio-level results

Results for bond excess returns are presented in Tables A.15 to A.22, and the empirical findings

for duration-adjusted returns are presented in Tables A.45 to A.52 of the Internet Appendix.

9.1.1 Traded factor models

We start from traded factor models, and take on the nontraded factor case next.

Excess returns. Panel A of Table A.15 shows that the factor means of all factors, except for

DEF, are statistically significant at the 5% level. As for the main results in the paper, we compute

the one-factor alphas across all factors using MKTB. The one-factor alpha for DRF is −0.068 with

a p-value of 0.455, while the one for CRF is 0.152 with a p-value of 0.253. Similarly, the alphas

on the remaining factors are statistically indistinguishable from zero, which implies that even over

the longest available sample period for US corporate bonds, all factors are spanned by the bond

market factor. However, it is reassuring to see that over this extended sample, as Panel B shows,

all models (including the BBW model) yield squared Sharpe ratios that are statistically different

from zero at the 5% nominal level of the test.

This said, the differences in squared Sharpe ratios across models are overall small and statis-

tically insignificant. Naturally, good power requires that the differences in squared Sharpe ratios

are fairly large. At −0.003, the difference in squared Sharpe ratios between CAPMB and BBW is

statistically insignificant at all conventional levels with a p-value of 0.436. At the 5% level, this

message is also reinforced by the CSR R2 analysis, for OLS as well for GLS.

We analyze whether the various factors in the alternative specifications are priced in Tables A.19

and A.20. Based on the longest available sample for US corporate bond returns, we find that

MKTB in CAPMB and MKTS in CAPM command a significant price of covariance (and beta)

risk on all the considered portfolios, except for the industry sorted portfolios. This is in sharp

contrast to the BBW factors, DRF and CRF, that carry significant prices of covariance risk only

in GLS for credit spread and size and rating sorted portfolios, respectively.
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Duration-adjusted returns. Using duration-adjusted returns and the extended sample, Ta-

ble A.45 of the Internet Appendix shows that MKTB in CAPMB has a relatively low, albeit

statistically significant, mean with a squared Sharpe ratio of only 0.007 (p-value of 0.084). In con-

trast, the squared Sharpe of the three-factor BBW model is 0.030, and it is significantly different

from zero (p-value of 0.005). It should be noted that in this scenario, the BBW squared Sharpe is

extremely close to the squared Sharpe of CAPM at 0.026.

Table A.46 indicates that the difference in squared Sharpe ratios between BBW and CAPMB

is 0.023 with a p-value of 0.006. In contrast, the difference in squared Sharpe between BBW and

CAPM is only 0.004 with a p-value of 0.860. Therefore, at first glance, all of the model squared

Sharpe are fairly low, and BBW fares similarly to CAPM. The inferior performance, from an

investment perspective, of MKTB is mostly coming from duration adjusting the bond market

factor. Based on OLS and GLS CSR R2s, BBW never (rarely) significantly outperforms CAPMB

(CAPM) at the 5% nominal level of the tests. There is some evidence of pricing for CRF and DRF

when considering size and rating and credit spread sorted portfolios. However, these are instances

in which MKTB in CAPMB and MKTS in CAPM also carry sizable prices of beta risk. As for the

price of covariance risk, CRF seems to have incremental cross-sectional explanatory power only on

size and maturity sorted portfolios (OLS) and size and rating sorted portfolios (GLS), while DRF ’s

price of covariance risk is statistically different from zero only on credit spread sorted portfolios in

GLS (based on a 5% nominal level of the tests).

9.1.2 Nontraded factor models

The systematic liquidity factor explicitly requires intraday TRACE bond price and volume

data to construct. Given that the Lehman and ICE data are quote and partially quote based,

respectively, we cannot estimate and test the liquidity models with the longer sample. We then

consider only three nontraded factor models, which include the MACRO, HKMNT, and the VOL

model without the PS or AM systematic liquidity factors.

Excess returns. In Tables A.21 and A.22, we present our results using bond returns in excess

of the one-month T-Bill rate of return. The VOL model, as in the baseline case, continues to be

poorly identified. The only strong evidence of pricing is for MKTB in MACRO and MKTS in

35



HKMNT when evaluating the models based on size and maturity sorted portfolios.

Duration-adjusted returns. In Tables A.51 and A.52 of the Internet Appendix, we present

the results for the three nontraded factor models using duration-adjusted bond returns and the

extended sample. The VOL models continues to be weakly identified, and this time around we

find no evidence of factor pricing regardless of the weighting scheme (OLS vs. GLS) and test asset

portfolios (size and maturity vs. industry).

Overall, the analysis based on the extended sample confirms our main findings in the paper.

When considering the longer sample and duration-adjusted BBW bond factor and test portfolio

returns, the BBW model seems to perform better than CAPMB, at least from an investment

perspective. However, it should be recognized that the better investment performance of BBW

vs. CAPMB is manly driven by the larger drop in the average return on the bond market factor

relative to the drop in DRF and CRF when duration adjusting. As for models with nontraded

factors, the performance of the models with macro uncertainty, intermediary risk, liquidity, and

volatility factors continues to be quite disappointing. Finally, at a portfolio level, we confirm the

main finding of VBS, that is, the equity CAPM performs better on duration-adjusted bond returns.

9.2 Bond-level results

We now replicate the results at the bond level using portfolio sorts, Fama-MacBeth regressions,

and GOS methods with the extended sample for excess and duration-adjusted bond returns.

9.2.1 Traded factor models

We start from excess returns, and consider the duration-adjusted return case next.

Excess returns. We report the results for the extended sample using excess returns in Tables

A.23 to A.25 of the Internet Appendix. A few interesting empirical patterns emerge from the tables.

For the contemporaneous portfolio sorts presented in Table A.23, the factors belonging to CAMPB

and DEFTERM all exhibit a statistically significant average High-Low spread. The MKTB factor

generates a spread of 0.60% per month with a t-statistic of 2.33. Both the DEF and TERM

factors also generate an average High-Low spread of 0.50% and 0.31%, respectively. In Table A.24,
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the predictive CSR risk premium estimates yield similar results. In particular, MKTB yields a risk

premium of 0.59% (t-statistic of 3.49), DEF yields a risk premium of 0.48% (t-statistic of 3.18),

MKTS yields risk premium of 0.49% (t-statistic of 2.63), and CPTLT yields a risk premium of

0.46% (t-statistic of 2.47). Neither the DRF nor the CRF command statistically significant risk

premia at the 5% nominal level. The Fama-MacBeth risk premia estimates presented in Table A.25

confirm the message of the univariate portfolios sorts. We report the GOS risk premium estimates

for the extended TRACE sample in Table A.28 of the Internet Appendix. The results broadly

support what is presented in the main analysis. Risk premia in all models except for the BBW

three-factor model are statistically significant at conventional levels. For the BBW model, both

the MKTB and DRF factors are significant, while CRF is insignificant. The broad significance

of the factors is similar to what is presented in Panel B of Table A.25.

Duration-adjusted returns. We report the results for the extended sample using duration-

adjusted returns in Tables A.53 to A.55 of the Internet Appendix. For the extended sample,

with duration-adjusted contemporaneous returns, none of the traded factors lead to statistically

significant average High-Low spreads. However, in Table A.54, CAPMB, DEFTERM (DEF ),

CAPM, and HKMSF all yield average predictive High-Low spreads that are statistically significant

at the 5% level. None of the BBW factors are significant at the 5% nominal level. In Table

A.55, the estimated Fama-MacBeth risk premia confirm these results. We report the GOS risk

premia estimates for the duration adjusted extended TRACE sample in Table A.58 of the Internet

Appendix. The GOS results using duration-adjusted bond returns are similar to what is estimated

with excess returns. Both MKTB and DRF are statistically significant, while CRF is insignificant.

The MKTS and the CPTLT factors are both statistically significant across CAPM, HKMSF, and

the HKM.

9.2.2 Nontraded factor models

Excess returns. We report the results for nontraded factor models using the extended sample

and excess returns in Tables A.26 to A.27 of the Internet Appendix. In Panel A of Table A.26,

none of the nontraded factors yield significant average High-Low spreads. In Panel B, however, the

predictive average High-Low spreads are all statistically significant at the 5% level. The average
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High-Low spreads for UNC, CPTL, and V IX are −0.29%, 0.30%, and −0.29%, respectively.

The Fama-MacBeth risk premium estimation results confirm these results. We report the GOS

risk premia estimates for excess (Panel A) and duration adjusted (Panel B) for the extended

TRACE sample in Table A.29. In both panels, the results broadly confirm the message from the

Fama-MacBeth regressions. The nontraded CPTL and V IX factors yield significant risk premia

estimates, whereas UNC is statistically indistinguishable from zero.

Duration-adjusted returns. We report the results for the non-traded extended sample using

duration adjusted returns in Tables A.56 and A.57 of the Internet Appendix. The results closely

mimic those presented using excess returns. None of the factors yield significant average High-Low

spreads contemporaneously. In Panel B of Table A.56, the predictive average High-Low spreads

are all statistically significant at the 5% nominal level. The Fama-MacBeth risk premia estimates,

presented in Table A.57, confirm these results.

10 Conclusion

A prominent trend in recent empirical asset pricing research has been the persistent search for

risk factors that demonstrate robust pricing performance, as evidenced by studies such as those

conducted by Harvey et al. (2016) and Hou et al. (2015, 2020). Despite this focus, assessing

factor models on test assets, even within a single asset class such as equities or bonds, remains

difficult due to various factors such as model uncertainty, poor model identification, small time

series sample sizes relative to the number of test assets, and more. These issues are even more

fraught at the firm or individual asset level. This is particularly true in the case of corporate

bonds, where short sample periods and unreliable publicly available factors exacerbate these issues.

Within the context of corporate bonds, the relentless search for factors has been applied verbatim

from the equity literature. In this article, we explore the limitations of evaluating factor models on

corporate bonds, specifically within the context of the Bai et al. (2019) four-factor model and other

models with nontraded factors. Our analysis highlights the challenges associated with assessing

the economic and statistical significance of proposed risk factors, and we offer recommendations to

create a reliable framework for this evaluation. Overall we find that it is hard for newly proposed

specifications to outperform the simple bond and equity CAPM, economically and statistically.
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Our results are robust to a variety of checks, including portfolio- vs. bond-level analysis, excess

vs. duration-adjusted returns, and shorter vs. longer sample periods. Further work on frequency

as a dimension of risk, along the lines of Bandi et al. (2021) and Neuhierl and Varneskov (2021)

for equities, may provide valuable groundwork for a better understanding of the cross-sectional

determinants of expected corporate bond returns.
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Table 1: Bai et al. (2019) four-factor comparison. Panels A and B report factor means, standard deviations
(SD), and percentiles for the original and replicated factors, respectively. Panel C.1 reports the pairwise correlations
between the original factors (which contain lead-lag errors) and the replicated factors, and Panel C.2 reports the
pairwise correlations between the corrected original factors and the replicated factors. Panels D.1 and D.2 report the
pairwise correlations for the original factors and the replicated factors, respectively. Panels A–D are based on the
sample period 2004:08 to 2016:12 (149 months).

Panel A: Original factors

Mean SD Median Min 5th 25th 75th 95th Max

MKTB 0.333 1.381 0.410 −6.365 −1.298 −0.467 0.987 2.299 7.568
DRF 0.694 2.381 0.595 −7.430 −2.451 −0.553 1.722 4.462 12.790
CRF 0.431 1.876 0.327 −8.839 −2.354 −0.429 1.357 3.089 8.194
LRF 0.491 1.418 0.321 −2.629 −0.936 −0.243 0.938 2.230 11.660

Panel B: Replicated factors

Mean SD Median Min 5th 25th 75th 95th Max

MKTB 0.469 1.892 0.495 −9.292 −1.856 −0.460 1.310 2.832 10.810
DRF 0.673 3.355 0.633 −15.900 −3.436 −0.618 1.702 4.724 16.770
CRF 0.508 3.411 0.531 −21.910 −3.402 −0.889 2.174 4.950 13.230
LRF 0.361 1.470 0.269 −5.078 −1.447 −0.295 0.759 2.461 8.719

Panel C: Pairwise correlations across factors

C.1: Original-replicated C.2: Original (corrected)-replicated

MKTB DRF CRF LRF MKTB DRF CRF LRF

MKTB 0.939 0.939
DRF 0.264 0.931
CRF 0.445 0.948
LRF 0.829 0.880

Panel D: Pairwise correlations across factors

D.1: Original D.2: Replicated

MKTB DRF CRF LRF MKTB DRF CRF LRF

MKTB 1 0.284 0.455 0.470 1 0.785 0.455 0.618
DRF 1 0.424 0.319 1 0.381 0.803
CRF 1 0.352 1 0.411
LRF 1 1
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Table 2: Summary statistics. Panel A reports factor means (“Mean”), the single-factor bond market alphas
(“Alpha”), the bias-adjusted factor squared Sharpe ratios (Sh2), and the standard deviations (SD) for the bond
market factor (MKTB), the downside risk factor (DRF ), the credit risk factor (CRF ), the liquidity risk factor
(LRF ), the default risk factor (DEF ), the term structure factor (TERM ), the stock market factor (MKTS), and
the traded version of the HKM intermediary capital risk factor (CPTLT ). Panel B reports the bias-adjusted model
squared Sharpe ratios for the BBW four-factor model, the DEFTERM two-factor model, and the HKM two-factor
model. Panel C reports the factor correlations. Panels A–C are based on the sample period 2004:08 to 2016:12 (149
months). p-values are in square brackets.

Panel A: Factor summary statistics and squared Sharpe ratios

MKTB DRF CRF LRF DEF TERM MKTS CPTLT

Mean 0.469 0.673 0.508 0.361 0.020 0.478 0.675 0.502
[0.002] [0.014] [0.069] [0.003] [0.911] [0.077] [0.048] [0.381]

Alpha - 0.020 0.123 0.135 −0.313 0.307 0.156 −0.149
- [0.931] [0.678] [0.125] [0.035] [0.256] [0.619] [0.787]

Sh2 0.054 0.033 0.015 0.052 −0.007 0.014 0.019 −0.002
[0.005] [0.027] [0.134] [0.005] [1.000] [0.150] [0.092] [1.000]

SD 1.898 3.366 3.422 1.475 2.172 3.308 4.176 7.024

Panel B: Model squared Sharpe ratios

BBW DEFTERM HKM

Sh2 0.053 0.014 0.023
[0.095] [0.361] [0.180]

Panel C: Factor correlations

MKTB DRF CRF LRF DEF TERM MKTS CPTLT

MKTB 1 0.785 0.455 0.618 0.620 0.210 0.502 0.375
DRF 1 0.381 0.803 0.669 −0.063 0.414 0.343
CRF 1 0.411 0.478 −0.509 0.677 0.652
LRF 1 0.430 −0.069 0.230 0.238
DEF 1 −0.446 0.536 0.507
TERM 1 −0.296 −0.380
MKTS 1 0.818
CPTLT 1
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Table 3: Tests of equality of squared Sharpe ratios. Panel A reports the differences in bias-adjusted sample
squared Sharpe ratios between the six asset pricing models. The differences are computed between the squared Sharpe
ratios in row i and column j. The models include the CAPM with the corporate bond market factor (CAPMB), the
equity CAPM with the stock market factor (CAPM), the four-factor model of Bai et al. (2019, BBW), the single-
factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk
and term structure factors of Fama and French (1993, DEFTERM). Panel B reports the associated p-values. Panel C
reports a conditional heteroskedastic version of the GRS test with p-values in square brackets. In the computation
of the GRS test, we employ the monthly excess returns on the 25 size × maturity, 30 Fama-French industry, 25 size
× rating, and 25 credit spread sorted portfolios. Panels A–C are based on the sample period 2004:08 to 2016:12 (149
months). N and T represent the number of assets and time series observations, respectively.

Panel A: Differences in sample squared Sharpe ratios

CAPM HKMSF HKM DEFTERM BBW

CAPMB 0.035 0.055 0.031 0.040 0.001
CAPM 0.021 −0.004 0.005 −0.034
HKMSF −0.025 −0.015 −0.055
HKM 0.009 −0.030
DEFTERM −0.039

Panel B: p-values

CAPMB 0.326 0.157 0.389 0.259 0.216
CAPM 0.067 0.198 0.885 0.398
HKMSF 0.032 0.120 0.196
HKM 0.809 0.460
DEFTERM 0.317

Panel C: GRS test

25 size × maturity 30 industry 25 size × rating 25 credit spread

CAPMB 2.701 1.261 1.527 3.226
[0.000] [0.191] [0.068] [0.000]

CAPM 2.699 1.393 1.892 3.593
[0.000] [0.108] [0.012] [0.000]

HKMSF 2.753 1.410 1.970 3.454
[0.000] [0.100] [0.008] [0.000]

HKM 2.650 1.455 1.883 3.628
[0.000] [0.082] [0.013] [0.000]

DEFTERM 2.983 1.443 2.298 3.405
[0.000] [0.086] [0.001] [0.000]

BBW 2.495 1.855 1.472 2.844
[0.001] [0.011] [0.087] [0.000]

N 25 30 25 25
T 149 149 149 149
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Table 4: Sample cross-sectional R2s and specification tests of the models. The table presents the sample OLS and GLS cross-
sectional R2 (ρ̂2) and the generalized CSRT (Q̂c) of six beta- pricing models. The models include the CAPM with the corporate
bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the four-factor model of Bai et al.
(2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with
default risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using monthly excess
returns on the 25 size × maturity and the 30 Fama-French (FF) industry sorted portfolios (Panels A and C for OLS and GLS,
respectively), and the 25 size × rating and 25 credit spread sorted portfolios (Panels B and D for OLS and GLS, respectively).
The sample period is 2004:08 to 2016:12 (149 months). p(ρ2 =1) is the p-value for the test of H0 : ρ2 = 1. p(ρ2 = 0) is the
p-value for the test of H0 : ρ2 = 0. se(ρ̂2) is the standard error of ρ̂2 under the assumption that 0 < ρ2 < 1. p(Qc = 0) is the
p-value for the approximate F -test of H0 : Qc = 0. No. of param. is the number of parameters in the model.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.897 0.946 0.846 0.758 0.607 0.855 0.402 0.472 0.225 0.415 0.345 0.448
p(ρ2 =1) 0.902 0.705 0.485 0.828 0.663 0.894 0.952 0.784 0.838 0.959 0.935 0.944
p(ρ2 =0) 0.179 0.267 0.268 0.188 0.217 0.210 0.336 0.850 0.683 0.359 0.408 0.555
se(ρ̂2) 0.216 0.072 0.235 0.282 0.381 0.130 0.546 0.561 0.587 0.599 0.603 0.533

Q̂c 0.225 0.231 0.234 0.227 0.236 0.208 0.207 0.192 0.211 0.209 0.212 0.209
p(Qc=0) 0.239 0.115 0.167 0.229 0.193 0.275 0.634 0.573 0.557 0.617 0.599 0.569
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.721 0.900 0.835 0.723 0.762 0.772 0.776 0.965 0.894 0.862 0.832 0.911
p(ρ2 =1) 0.285 0.261 0.354 0.474 0.524 0.460 0.014 0.274 0.026 0.084 0.066 0.361
p(ρ2 =0) 0.091 0.112 0.110 0.045 0.034 0.106 0.005 0.004 0.004 0.005 0.004 0.007
se(ρ̂2) 0.343 0.111 0.184 0.218 0.233 0.285 0.133 0.033 0.068 0.122 0.131 0.141

Q̂c 0.250 0.244 0.220 0.239 0.211 0.189 0.569 0.398 0.699 0.796 0.715 0.761
p(Qc=0) 0.144 0.085 0.222 0.180 0.306 0.385 0.000 0.001 0.000 0.000 0.000 0.000
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3
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Table 4 (Cont’d): Sample cross-sectional R2s and specification tests of the models.

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.085 0.137 0.045 0.056 0.042 0.057 0.032 0.061 0.027 0.012 0.011 0.012
p(ρ2 =1) 0.083 0.047 0.036 0.095 0.072 0.076 0.220 0.140 0.192 0.229 0.220 0.192
p(ρ2 =0) 0.076 0.328 0.446 0.150 0.219 0.405 0.324 0.774 0.644 0.552 0.564 0.845
se(ρ̂2) 0.083 0.099 0.059 0.070 0.058 0.073 0.056 0.068 0.048 0.035 0.031 0.034

Q̂c 0.225 0.234 0.236 0.232 0.240 0.229 0.209 0.202 0.217 0.217 0.219 0.217
p(Qc=0) 0.240 0.107 0.159 0.208 0.176 0.185 0.619 0.513 0.521 0.570 0.561 0.522
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.055 0.117 0.062 0.037 0.091 0.124 0.104 0.108 0.071 0.017 0.022 0.023
p(ρ2 =1) 0.038 0.029 0.032 0.043 0.106 0.110 0.000 0.000 0.000 0.000 0.000 0.000
p(ρ2 =0) 0.135 0.360 0.281 0.226 0.059 0.102 0.002 0.215 0.062 0.268 0.193 0.505
se(ρ̂2) 0.067 0.096 0.072 0.055 0.082 0.093 0.070 0.069 0.062 0.030 0.032 0.032

Q̂c 0.249 0.261 0.236 0.252 0.221 0.201 0.617 0.577 0.730 0.720 0.709 0.702
p(Qc=0) 0.149 0.054 0.158 0.139 0.257 0.312 0.000 0.000 0.000 0.000 0.000 0.000
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3
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Table 5: Tests of equality of cross-sectional R2s. The table presents pairwise tests of equality of the OLS and GLS cross-sectional
R2s of six beta-pricing models. The models include the CAPM with the corporate bond market factor (CAPMB), the equity
CAPM with the stock market factor (CAPM), the four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM
(HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama
and French (1993, DEFTERM). The models are estimated using monthly excess returns on the 25 size × maturity and the 30
Fama-French (FF) industry sorted portfolios (Panels A and C for OLS and GLS, respectively), and the 25 size × rating and 25
credit spread sorted portfolios (Panels B and D for OLS and GLS, respectively). The sample period is 2004:08 to 2016:12 (149
months). We report the difference between the sample cross-sectional R2s of the models in row i and column j, ρ2i − ρ2j , and the

associated p-values (in square brackets) for the test of H0 : ρ2i = ρ2j . The p-values are computed under the assumption that the
models are potentially misspecified.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.049 0.051 0.138 0.289 0.042 −0.070 0.177 −0.012 0.057 −0.046
[0.877] [0.436] [0.514] [0.370] [0.844] [0.980] [0.522] [0.956] [0.843] [0.830]

BBW 0.100 0.187 0.338 0.091 0.247 0.057 0.127 0.024
[0.577] [0.461] [0.352] [0.432] [0.601] [0.852] [0.752] [0.903]

DEFTERM 0.087 0.238 −0.009 −0.190 −0.121 −0.223
[0.735] [0.523] [0.965] [0.551] [0.681] [0.588]

CAPM 0.151 −0.097 0.069 −0.034
[0.296] [0.438] [0.583] [0.755]

HKMSF −0.248 -0.103
[0.208] [0.576]

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.179 −0.115 −0.003 −0.042 −0.052 −0.189 −0.118 −0.086 −0.056 −0.135
[0.462] [0.628] [0.994] [0.919] [0.913] [0.105] [0.272] [0.225] [0.577] [0.126]

BBW 0.065 0.176 0.137 0.127 0.071 0.103 0.133 0.053
[0.527] [0.206] [0.418] [0.589] [0.192] [0.383] [0.309] [0.669]

DEFTERM 0.112 0.073 0.063 0.032 0.062 −0.017
[0.436] [0.704] [0.809] [0.729] [0.558] [0.880]

CAPM −0.039 −0.049 0.030 −0.049
[0.720] [0.612] [0.428] [0.341]

HKMSF −0.01 −0.080
[0.826] [0.260]
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Table 5 (Cont’d): Tests of equality of cross-sectional R2s.

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.052 0.040 0.029 0.042 0.028 −0.029 0.005 0.020 0.021 0.020
[0.672] [0.404] [0.676] [0.589] [0.681] [0.851] [0.903] [0.632] [0.670] [0.645]

BBW 0.092 0.081 0.094 0.079 0.034 0.049 0.050 0.049
[0.274] [0.373] [0.316] [0.381] [0.568] [0.388] [0.407] [0.392]

DEFTERM −0.011 0.003 −0.012 0.015 0.017 0.015
[0.886] [0.972] [0.873] [0.692] [0.690] [0.696]

CAPM 0.014 -0.001 0.001 0.000
[0.681] [0.864] [0.936] [0.958]

HKMSF −0.015 −0.001
[0.569] [0.855]

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.062 −0.007 0.018 −0.036 −0.069 −0.003 0.033 0.087 0.082 0.082
[0.665] [0.878] [0.726] [0.631] [0.511] [0.986] [0.306] [0.128] [0.191] [0.207]

BBW 0.056 0.080 0.026 −0.007 0.036 0.090 0.085 0.085
[0.546] [0.255] [0.741] [0.952] [0.346] [0.106] [0.158] [0.174]

DEFTERM 0.025 −0.030 −0.062 0.054 0.049 0.049
[0.668] [0.704] [0.551] [0.289] [0.386] [0.405]

CAPM −0.054 −0.087 −0.005 −0.005
[0.196] [0.067] [0.743] [0.605]

HKMSF −0.033 0.000
[0.294] [0.916]
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Table 6: Price of beta risk. The table presents the estimation results of six beta-pricing models. The models include the CAPM with the corporate
bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the four-factor model of Bai et al. (2019, BBW), the single-factor
model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and
French (1993, DEFTERM). The models are estimated using monthly excess returns on the 25 size × maturity sorted portfolios (Panels A and E for OLS
and GLS, respectively), the 30 Fama-French (FF) industry sorted portfolios (Panels B and F for OLS and GLS, respectively), the 25 size × rating sorted
portfolios (Panels C and G for OLS and GLS, respectively), and the 25 credit spread sorted portfolios (Panels D and H for OLS and GLS, respectively).
The sample period is 2004:08 to 2016:12 (149 months). We report parameter estimates γ̂ (multiplied by 100), the Jagannathan and Wang (1998) t-ratios
under correctly specified models that account for the EIV problem (t-statc), and the model misspecification-robust t-ratios (t-statm) from Kan et al.
(2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.21 0.29 0.15 0.33 0.40 0.31 0.26 0.24 0.32 0.06 0.21 1.22 0.31 1.91 0.13 1.47 0.90
t-statc [1.42] [1.54] [1.82] [2.13] [1.11] [1.02] [1.76] [2.01] [1.12] [0.15] [0.99] [1.14] [1.66] [1.04] [0.72] [1.28] [0.43]
t-statm [1.38] [1.54] [1.80] [2.13] [1.12] [1.00] [1.77] [1.98] [1.12] [0.15] [0.97] [1.14] [1.63] [1.07] [0.75] [1.32] [0.42]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.26 0.26 0.26 0.22 0.16 0.27 0.08 0.35 0.23 −0.04 0.38 0.45 0.41 0.69 0.35 0.55 0.43
t-statc [1.57] [1.00] [0.90] [0.70] [0.41] [0.84] [0.22] [2.30] [0.81] [−0.09] [3.02] [0.93] [3.18] [0.83] [2.71] [1.01] [0.42]
t-statm [1.51] [0.97] [0.89] [0.66] [0.36] [0.80] [0.21] [1.88] [0.72] [−0.10] [3.05] [0.91] [3.17] [0.83] [2.87] [1.00] [0.42]

Panel C: 25 size × rating portfolios (OLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.07 0.42 0.37 0.12 0.43 0.58 0.16 0.34 0.54 −0.78 0.25 1.12 0.30 1.96 0.36 0.78 2.26
t-statc [0.36] [2.05] [2.59] [0.54] [1.03] [2.06] [0.95] [1.79] [1.56] [−1.33] [1.47] [1.85] [1.87] [1.80] [2.88] [1.13] [1.78]
t-statm [0.35] [1.87] [0.90] [0.24] [0.97] [1.85] [0.64] [1.26] [1.48] [−1.29] [1.62] [1.92] [1.94] [1.91] [1.77] [0.75] [1.55]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.19 0.66 0.30 0.17 1.45 −0.40 0.66 0.39 0.62 −1.14 0.11 1.62 0.19 2.79 −0.19 2.49 −0.04
t-statc [−0.92] [2.76] [1.85] [0.78] [2.38] [−0.66] [1.57] [2.21] [1.92] [−2.49] [0.54] [2.34] [1.09] [2.39] [−0.47] [1.75] [−0.02]
t-statm [−0.97] [2.92] [1.50] [0.65] [1.94] [−0.56] [1.34] [2.37] [1.96] [−2.49] [0.57] [2.42] [1.14] [2.48] [−0.56] [1.54] [−0.02]
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Table 6 (Cont’d): Price of beta risk.

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.19 0.28 0.19 0.29 0.44 0.37 0.27 0.20 0.15 0.16 0.20 0.59 0.20 0.87 0.20 0.61 0.70
t-statc [6.44] [1.79] [6.24] [1.81] [1.41] [1.29] [2.01] [6.48] [0.74] [0.56] [6.60] [1.39] [6.69] [1.26] [6.55] [1.36] [0.97]
t-statm [5.80] [1.77] [5.58] [1.78] [1.40] [1.25] [1.99] [5.95] [0.70] [0.56] [6.18] [1.38] [6.23] [1.22] [6.15] [1.33] [0.90]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂DRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.29 0.18 0.30 0.17 0.29 0.32 0.19 0.33 0.19 −0.14 0.33 0.26 0.33 0.41 0.33 0.25 0.38
t-statc [3.52] [1.06] [3.07] [0.94] [0.97] [1.09] [1.25] [3.84] [0.97] [−0.43] [4.36] [0.64] [4.39] [0.61] [4.36] [0.61] [0.55]
t-statm [3.06] [0.99] [2.41] [0.82] [0.97] [1.09] [1.26] [3.39] [0.97] [−0.41] [4.01] [0.59] [4.02] [0.58] [4.00] [0.56] [0.52]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.22 0.25 0.24 0.23 0.31 0.58 0.17 0.25 0.31 −0.14 0.26 0.49 0.28 1.34 0.30 0.40 1.53
t-statc [3.27] [1.51] [3.35] [1.36] [0.98] [2.07] [1.21] [3.77] [1.55] [−0.43] [4.19] [1.22] [4.32] [2.03] [4.52] [1.00] [2.41]
t-statm [2.96] [1.50] [3.09] [1.38] [0.95] [2.06] [1.13] [3.43] [1.55] [−0.44] [3.85] [1.19] [4.07] [1.97] [4.24] [0.97] [2.32]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.06 0.53 −0.06 0.53 0.74 0.56 0.31 −0.03 0.46 0.09 −0.01 0.57 −0.01 1.10 −0.01 0.49 1.13
t-statc [−0.95] [3.24] [−0.87] [3.20] [2.23] [1.83] [1.58] [−0.53] [2.12] [0.29] [−0.18] [1.33] [−0.13] [1.59] [−0.11] [1.11] [1.61]
t-statm [−0.90] [3.06] [−0.70] [2.86] [1.85] [1.39] [1.09] [−0.47] [1.71] [0.26] [−0.17] [1.10] [−0.13] [1.33] [−0.11] [0.87] [1.31]
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Table 7: Price of covariance risk. The table presents the estimation results of six beta-pricing models. The models include the CAPM with the
corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the four-factor model of Bai et al. (2019, BBW), the
single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk and term structure factors of
Fama and French (1993, DEFTERM). The models are estimated using monthly excess returns on the 25 size × maturity sorted portfolios (Panels A and
E for OLS and GLS, respectively), the 30 Fama-French (FF) industry sorted portfolios (Panels B and F for OLS and GLS, respectively), the 25 size ×
rating sorted portfolios (Panels C and G for OLS and GLS, respectively), and the 25 credit spread sorted portfolios (Panels D and H for OLS and GLS,
respectively). The sample period is 2004:08 to 2016:12 (149 months). We report parameter estimates λ̂ (with λ̂0 multiplied by 100), the t-ratios under
correctly specified models that account for the EIV problem (t-statc), and the model misspecification-robust t-ratios (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.21 8.08 0.15 12.06 −7.32 −0.54 16.37 0.24 8.97 3.15 0.21 7.07 0.31 3.89 0.13 18.09 −6.97
t-statc [1.42] [1.56] [1.82] [0.88] [−0.58] [−0.15] [1.10] [2.01] [1.48] [1.06] [0.99] [1.14] [1.66] [1.04] [0.72] [1.31] [−0.85]
t-statm [1.38] [1.53] [1.80] [0.88] [−0.58] [−0.14] [1.07] [1.98] [1.46] [1.06] [0.97] [1.14] [1.63] [1.07] [0.75] [1.24] [−0.77]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.26 7.13 0.26 10.40 −4.56 0.93 2.85 0.35 5.71 1.28 0.38 2.62 0.41 1.42 0.35 5.92 −2.00
t-statc [1.57] [0.98] [0.90] [0.48] [−0.25] [0.14] [0.07] [2.30] [0.82] [0.26] [3.02] [0.88] [3.18] [0.83] [2.71] [0.54] [−0.30]
t-statm [1.51] [0.94] [0.89] [0.45] [−0.24] [0.14] [0.07] [1.88] [0.68] [0.25] [3.05] [0.86] [3.17] [0.83] [2.87] [0.56] [−0.31]

Panel C: 25 size × rating portfolios (OLS)

Bond Market BBW4 DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.07 11.70 0.37 −9.41 6.99 5.27 −2.97 0.34 8.36 −4.77 0.25 6.47 0.30 4.00 0.36 −5.5 7.28
t-statc [0.36] [1.89] [2.59] [−0.54] [0.54] [1.05] [−0.16] [1.79] [0.96] [−0.72] [1.47] [1.75] [1.87] [1.72] [2.88] [−0.45] [0.97]
t-statm [0.35] [1.68] [0.90] [−0.26] [0.32] [0.96] [−0.10] [1.26] [0.75] [−0.61] [1.62] [1.77] [1.94] [1.82] [1.77] [−0.22] [0.51]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.19 18.55 0.30 −28.13 20.06 −8.15 24.02 0.39 7.70 −8.25 0.11 9.34 0.19 5.69 −0.19 43.64 −21.29
t-statc [−0.92] [2.46] [1.85] [−0.98] [0.91] [−0.87] [0.59] [2.21] [0.94] [−1.64] [0.54] [2.38] [1.09] [2.32] [−0.47] [1.31] [−1.06]
t-statm [−0.97] [2.38] [1.50] [−1.04] [0.72] [−0.79] [0.39] [2.37] [0.97] [−1.71] [0.57] [2.41] [1.14] [2.35] [−0.56] [1.10] [−0.93]
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Table 7 (Cont’d): Price of covariance risk.

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.19 7.91 0.19 6.75 −4.64 0.57 15.04 0.20 5.17 3.01 0.20 3.38 0.20 1.78 0.20 4.61 −0.80
t-statc [6.44] [1.66] [6.24] [0.66] [−0.58] [0.16] [1.46] [6.48] [1.09] [1.08] [6.60] [1.25] [6.69] [1.21] [6.55] [0.64] [−0.20]
t-statm [5.80] [1.63] [5.58] [0.61] [−0.54] [0.15] [1.36] [5.95] [1.04] [1.07] [6.18] [1.24] [6.23] [1.18] [6.15] [0.57] [−0.17]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.29 5.15 0.30 2.72 −2.76 1.22 10.38 0.33 3.91 −0.16 0.33 1.49 0.33 0.84 0.33 1.20 0.19
t-statc [3.52] [1.05] [3.07] [0.24] [−0.32] [0.34] [0.75] [3.84] [0.78] [−0.05] [4.36] [0.61] [4.39] [0.61] [4.36] [0.21] [0.06]
t-statm [3.06] [0.97] [2.41] [0.19] [−0.27] [0.32] [0.68] [3.39] [0.75] [−0.04] [4.01] [0.57] [4.02] [0.58] [4.00] [0.18] [0.05]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW4 DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.22 7.06 0.24 4.12 −2.64 3.90 5.88 0.25 7.09 0.82 0.26 2.82 0.28 2.73 0.30 −6.05 6.08
t-statc [3.27] [1.41] [3.35] [0.36] [−0.32] [0.93] [0.58] [3.77] [1.42] [0.26] [4.19] [1.12] [4.32] [1.90] [4.52] [−1.16] [2.06]
t-statm [2.96] [1.40] [3.09] [0.34] [−0.31] [0.92] [0.54] [3.43] [1.42] [0.26] [3.85] [1.09] [4.07] [1.85] [4.24] [−1.05] [1.83]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.06 14.91 −0.06 14.09 −2.04 1.00 5.70 −0.03 12.89 4.61 −0.01 3.30 −0.01 2.24 −0.01 −0.99 2.78
t-statc [−0.95] [2.48] [−0.87] [1.12] [−0.20] [0.22] [0.33] [−0.53] [2.12] [1.46] [−0.18] [1.21] [−0.13] [1.53] [−0.11] [−0.15] [0.72]
t-statm [−0.90] [2.32] [−0.70] [0.85] [−0.16] [0.17] [0.21] [−0.47] [1.86] [1.37] [−0.17] [1.03] [−0.13] [1.28] [−0.11] [−0.11] [0.52]
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Table 8: Rank tests. The table presents the various rank test results for six beta-pricing models. The
models include the two-factor model of BSW (MACRO), the two-factor model of HKM (HKMNT) with nontraded
intermediary capital risk, the six-factor liquidity risk models with the Pastor-Stambaugh (LIQPS) and the Amihud
(LIQAM) illiquidity proxies, and the seven-factor systematic volatility risk factor models with the Pastor-Stambaugh
and the Amihud illiquidity proxies (VOLPS and VOLAM, respectively). The models are estimated using monthly
excess returns on the 25 Size × maturity (Panel A) and the 30 Fama French Industry sorted portfolios (Panel B).
The sample period is 2004:08 to 2016:12 (149 months). p-values are reported in square brackets below the rank test
statistics.

Panel A: 25 size × maturity Panel B: 30 FF industry

J1 J2 J3 J1 J2 J3

MACRO 94.41 91.01 3.29 109.73 113.79 3.25
[0.00] [0.00] [0.00] [0.00] [0.00] [0.00]

HKMNT 58.30 57.74 2.09 66.73 60.53 1.73
[0.00] [0.00] [0.01] [0.00] [0.00] [0.02]

LIQPS 18.23 17.90 0.78 15.47 13.13 0.44
[0.51] [0.53] [0.72] [0.91] [0.96] [0.99]

LIQAM 18.88 16.56 0.73 12.94 10.23 0.34
[0.46] [0.62] [0.79] [0.97] [0.99] [1.00]

VOLPS 18.15 15.06 0.74 10.51 8.27 0.30
[0.38] [0.59] [0.76] [0.98] [1.00] [1.00]

VOLAM 18.79 15.14 0.74 10.56 8.35 0.30
[0.34] [0.59] [0.76] [0.98] [1.00] [1.00]
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Table 9: Price of beta risk. The table presents the estimation results of six beta-pricing models with nontraded factors. The models include the
two-factor model of BSW (MACRO), the two-factor model of HKM (HKMNT) with nontraded intermediary capital risk, the six-factor liquidity risk
models with the Pastor-Stambaugh (LIQPS) and the Amihud (LIQAM) illiquidity proxies, and the seven-factor systematic volatility risk factor models
with the Pastor-Stambaugh and the Amihud illiquidity proxies (VOLPS and VOLAM, respectively). The models are estimated using monthly excess
returns on the 25 Size × maturity (Panels A and C) and the 30 Fama-French (FF) industry sorted portfolios (Panels B and D). The sample period is
2004:08 to 2016:12 (149 months). We report parameter estimates γ̂ (multiplied by 100), the t-ratios under correctly specified models that account for
the EIV problem (t-statc), and the model misspecification-robust t-ratios (t-statm) from Kan et al. (2013).

Panel A: size × maturity (OLS) Panel B: 30 FF industry portfolios (OLS)

MACRO HKMNT MACRO HKMNT

γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL

Estimate 0.20 0.29 −0.21 0.17 1.25 0.46 Estimate 0.30 0.20 −0.17 0.35 0.55 0.34
t-statc [1.16] [1.45] [−0.57] [0.84] [1.17] [0.30] t-statc [1.91] [0.94] [−0.67] [2.21] [0.93] [0.27]
t-statm [1.08] [1.44] [−0.49] [0.82] [1.16] [0.30] t-statm [1.73] [0.83] [−0.65] [2.36] [0.93] [0.27]

LIQPS LIQPS

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS

Estimate 0.22 0.98 1.19 0.57 0.19 0.03 −0.12 Estimate 0.36 0.66 0.86 −0.37 −0.03 −0.03 −0.32
t-statc [2.93] [1.44] [0.83] [0.67] [0.69] [0.08] [−0.19] t-statc [1.69] [1.05] [0.76] [−0.56] [−0.11] [−0.06] [−0.58]
t-statm [2.81] [1.47] [0.77] [0.58] [0.63] [0.07] [−0.16] t-statm [1.71] [1.03] [0.62] [−0.63] [−0.11] [−0.06] [−0.46]

LIQAM LIQAM

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM

Estimate 0.21 0.66 0.89 0.80 0.27 0.01 0.67 Estimate 0.44 0.86 1.22 −0.52 −0.05 −0.22 −0.48
t-statc [3.04] [1.23] [0.92] [1.10] [1.00] [0.01] [0.17] t-statc [2.05] [1.08] [1.18] [−0.39] [−0.13] [−0.40] [−0.12]
t-statm [2.65] [1.03] [0.75] [0.95] [0.91] [0.01] [0.15] t-statm [1.90] [1.16] [0.97] [−0.44] [−0.13] [−0.35] [−0.10]

VOLPS VOLPS

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂V IX γ̂V IXt−1

Estimate 0.23 0.80 0.77 0.43 0.08 0.12 −0.18 −0.22 −0.87 Estimate 0.43 0.93 1.80 −0.69 −0.09 −0.22 −0.34 0.24 −0.57
t-statc [3.31] [1.54] [1.18] [0.64] [0.29] [0.38] [−0.31] [−0.30] [−0.81] t-statc [1.78] [0.83] [1.35] [−0.49] [−0.22] [−0.36] [−0.49] [0.26] [−0.50]
t-statm [2.81] [1.16] [0.41] [0.40] [0.25] [0.38] [−0.28] [−0.21] [−0.57] t-statm [1.74] [0.87] [1.31] [−0.51] [−0.21] [−0.34] [−0.47] [0.24] [−0.38]

VOLAM VOLAM

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂V IX γ̂V IXt−1

Estimate 0.21 0.71 1.20 0.39 0.10 0.06 0.42 0.13 −1.04 Estimate 0.37 0.93 1.76 −0.50 −0.06 −0.13 0.56 0.27 −0.51
t-statc [3.19] [1.33] [1.75] [0.58] [0.36] [0.18] [0.12] [0.18] [−1.01] t-statc [1.41] [0.93] [1.24] [−0.34] [−0.14] [−0.20] [0.11] [0.22] [−0.47]
t-statm [2.55] [1.12] [0.74] [0.39] [0.31] [0.19] [0.10] [0.12] [−0.78] t-statm [1.35] [0.90] [1.08] [−0.32] [−0.13] [−0.19] [0.10] [0.20] [−0.37]
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Table 9 (Cont’d): Price of beta risk.

Panel C: size × maturity (GLS) Panel D: 30 FF industry portfolios (GLS)

MACRO HKMNT MACRO HKMNT

γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL

Estimate 0.19 0.29 −0.35 0.21 0.65 0.31 Estimate 0.29 0.19 −0.07 0.34 0.18 0.72
t-statc [5.91] [1.82] [−1.40] [6.46] [1.45] [0.41] t-statc [3.39] [1.08] [−0.32] [4.35] [0.43] [1.01]
t-statm [5.39] [1.78] [−1.15] [6.11] [1.41] [0.37] t-statm [3.00] [1.01] [−0.29] [3.98] [0.38] [0.96]

LIQPS LIQPS

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS

Estimate 0.20 0.56 0.42 0.41 0.10 0.20 −0.37 Estimate 0.41 0.37 1.12 −0.70 0.12 −0.36 −0.26
t-statc [5.81] [1.20] [0.78] [0.80] [0.47] [0.67] [−0.87] t-statc [3.20] [0.80] [1.71] [−1.88] [0.58] [−0.93] [−0.67]
t-statm [5.41] [1.16] [0.57] [0.68] [0.44] [0.66] [−0.79] t-statm [2.74] [0.77] [1.23] [−1.58] [0.57] [−0.84] [−0.63]

LIQAM LIQAM

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM

Estimate 0.19 0.46 0.42 0.61 0.14 0.18 1.05 Estimate 0.42 0.43 1.16 −0.79 0.10 −0.38 3.11
t-statc [5.76] [0.92] [0.77] [1.31] [0.64] [0.60] [0.38] t-statc [2.95] [0.87] [1.59] [−1.73] [0.44] [−0.89] [1.03]
t-statm [4.91] [0.86] [0.59] [1.02] [0.58] [0.59] [0.33] t-statm [2.33] [0.85] [1.10] [−1.31] [0.43] [−0.76] [0.90]

VOLPS VOLPS

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂V IX γ̂V IXt−1

Estimate 0.20 0.49 0.39 0.38 0.09 0.22 −0.36 −0.23 −0.57 Estimate 0.42 0.43 1.53 −0.84 0.06 −0.39 −0.31 0.19 −0.88
t-statc [5.84] [1.04] [0.74] [0.76] [0.39] [0.73] [−0.81] [−0.42] [−0.82] t-statc [2.58] [0.80] [1.61] [−1.68] [0.24] [−0.85] [−0.75] [0.33] [−1.04]
t-statm [4.84] [0.95] [0.52] [0.62] [0.33] [0.71] [−0.71] [−0.35] [−0.61] t-statm [2.22] [0.77] [1.09] [−1.33] [0.23] [−0.74] [−0.71] [0.26] [−0.86]

VOLAM VOLAM

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂V IX γ̂V IXt−1

Estimate 0.20 0.48 0.49 0.56 0.08 0.21 0.83 −0.04 −0.61 Estimate 0.40 0.45 1.45 −0.80 0.04 −0.32 3.56 0.21 −0.85
t-statc [6.03] [0.99] [0.87] [1.17] [0.36] [0.72] [0.29] [−0.07] [−0.91] t-statc [2.44] [0.84] [1.63] [−1.66] [0.15] [−0.69] [1.13] [0.33] [−1.04]
t-statm [4.83] [0.90] [0.64] [0.92] [0.31] [0.71] [0.26] [−0.05] [−0.68] t-statm [2.04] [0.81] [1.08] [−1.27] [0.14] [−0.60] [0.96] [0.26] [−0.84]
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Table 10: Portfolio sorts – contemporaneous returns. Each panel reports the average contemporaneous
excess quintile portfolio returns sorted from low to high on the respective factor model betas available in month t.
Factor betas are estimated by regressing bond excess returns on factor returns over fixed 36-month rolling windows,
with a minimum of 24 months required to include the coefficient estimate in the sample. The factor betas are
estimated jointly for each model. t-statistics (in square brackets) are based on NW standard errors with 3 lags.
Panels A–F are based on the sample period 2004:08 to 2016:12 (149 months). After computing the rolling betas, the
sample spans the period 2006:08 to 2016:12 (125 months).

Panel A: CAPMB

Low 2 3 4 High High−Low

MKTB
Ave. Return 0.34 0.39 0.50 0.65 1.25 0.91
t-statnw [6.58] [4.11] [3.24] [2.45] [1.72] [1.30]

Panel B: BBW

Low 2 3 4 High High−Low

MKTB
Ave. Return 0.64 0.43 0.50 0.61 0.80 0.16
t-statnw [2.04] [3.35] [2.76] [2.69] [2.10] [0.52]

DRF
Ave. Return 0.74 0.47 0.41 0.48 0.85 0.10
t-statnw [2.10] [2.72] [3.11] [2.52] [2.01] [0.29]

CRF
Ave. Return 0.74 0.49 0.34 0.44 0.99 0.25
t-statnw [2.91] [3.59] [2.72] [1.81] [1.49] [0.41]

LRF
Ave. Return 0.85 0.46 0.36 0.44 0.88 0.03
t-statnw [2.83] [2.90] [2.91] [2.30] [1.69] [0.08]

Panel C: DEFTERM

Low 2 3 4 High High−Low

DEF
Ave. Return 0.43 0.39 0.51 0.61 1.08 0.65
t-statnw [4.31] [3.78] [2.96] [2.37] [1.71] [1.13]

TERM
Ave. Return 0.75 0.39 0.42 0.59 0.82 0.07
t-statnw [2.02] [3.10] [2.96] [2.79] [2.14] [0.21]

Panel D: CAPM

Low 2 3 4 High High−Low

MKTS
Ave. Return 0.59 0.41 0.47 0.65 0.92 0.33
t-statnw [3.33] [3.63] [2.96] [2.29] [1.14] [0.39]

Panel E: HKMSF

Low 2 3 4 High High−Low

CPTLT
Ave. Return 0.70 0.42 0.46 0.61 0.80 0.11
t-statnw [2.93] [3.57] [2.76] [2.05] [0.96] [0.12]

Panel F: HKM

Low 2 3 4 High High−Low

MKTS
Ave. Return 0.71 0.41 0.42 0.54 0.93 0.22
t-statnw [3.18] [3.42] [2.84] [2.48] [1.73] [0.52]

CPTLT
Ave. Return 0.90 0.50 0.35 0.44 0.80 −0.10
t-statnw [2.52] [2.97] [2.81] [2.24] [1.17] [−0.14]
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Table 11: Portfolio sorts – one-month ahead returns. Each panel reports the average one-month (t + 1)
ahead excess quintile portfolio returns sorted from low to high on the respective factor model betas available in
month t. Factor betas are estimated by regressing bond excess returns on factor returns over fixed 36-month rolling
windows, with a minimum of 24 months required to include the coefficient estimate in the sample. The factor betas
are estimated jointly for each model. t-statistics (in square brackets) are based on NW standard errors with three
lags. Panels A–F are based on the sample period 2004:08 to 2016:12 (149 months). After computing the rolling betas,
the sample spans the period 2006:08 to 2016:12 (125 months).

Panel A: MKTB

Low 2 3 4 High High-Low

MKTB
Ave. return 0.32 0.36 0.46 0.63 1.18 0.87
t-statnw [2.97] [2.73] [2.46] [2.45] [2.31] [2.02]

Panel B: BBW

Low 2 3 4 High High-Low

MKTB
Ave. return 0.68 0.37 0.48 0.59 0.74 0.06
t-statnw [1.93] [2.62] [2.66] [2.72] [2.66] [0.31]

DRF
Ave. return 0.72 0.45 0.41 0.49 0.80 0.08
t-statnw [2.60] [2.90] [3.46] [2.53] [1.85] [0.37]

CRF
Ave. return 0.69 0.46 0.32 0.46 1.05 0.37
t-statnw [3.14] [3.34] [2.28] [2.05] [1.78] [0.74]

LRF
Ave. return 0.68 0.46 0.35 0.43 1.03 0.35
t-statnw [1.85] [2.74] [2.84] [2.42] [2.62] [1.30]

Panel C: DEFTERM

Low 2 3 4 High High-Low

DEF
Ave. return 0.44 0.36 0.45 0.59 1.03 0.59
t-statnw [3.42] [2.99] [2.27] [2.42] [2.11] [1.53]

TERM
Ave. return 0.88 0.34 0.41 0.50 0.80 −0.09
t-statnw [2.18] [2.49] [2.74] [2.44] [2.58] [−0.30]

Panel D: CAPM

Low 2 3 4 High High-Low

MKTS
Ave. return 0.38 0.35 0.40 0.71 1.21 0.83
t-statnw [2.59] [2.94] [2.08] [2.83] [2.06] [1.63]

Panel E: HKMSF

Low 2 3 4 High High-Low

CPTLT
Ave. return 0.44 0.34 0.44 0.66 1.20 0.76
t-statnw [2.53] [2.94] [2.61] [2.58] [1.99] [1.52]

Panel F: HKM

Low 2 3 4 High High-Low

MKTS
Ave. return 0.63 0.37 0.42 0.55 0.93 0.30
t-statnw [3.28] [2.76] [2.37] [2.32] [2.06] [0.91]

CPTLT
Ave. return 0.75 0.44 0.38 0.43 1.01 0.27
t-statnw [2.66] [2.75] [2.83] [2.43] [2.20] [0.99]
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Table 12: Fama-MacBeth estimates and t-statistics of the zero-beta rate and risk premia. The table presents the estimation results
for six beta-pricing models. The models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market
factor (CAPM), the four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and
the two-factor model with default risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using cross-sectional
Fama-MacBeth regressions of individual corporate bond excess returns on the estimated factor betas. We report parameter estimates γ̂ (multiplied by
100) and the NW t-ratios with three lags. Multivariate factor betas are estimated by regressing bond excess returns on factor returns over fixed 36-month
rolling windows, with a minimum of 24 months required to include the coefficient estimate in the sample. Panel A presents results for contemporaneous
returns, and Panel B for one-month ahead returns. Panels A and B are based on the sample period 2004:08 to 2016:12 (149 months). After computing
the rolling betas, the sample spans the period 2006:08 to 2016:12 (125 months).

Panel A: Contemporaneous returns Panel B: One-month ahead returns

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂MKTB 0.27 0.49 γ̂MKTB 0.31 0.43
[0.97] [1.50] [1.69] [2.20]

γ̂DRF 0.32 γ̂DRF 0.19
[1.35] [1.32]

γ̂CRF 0.13 γ̂CRF 0.19
[0.29] [0.56]

γ̂LRF 0.17 γ̂LRF 0.15
[1.28] [1.62]

γ̂DEF 0.19 γ̂DEF 0.24
[0.67] [1.01]

γ̂TERM −0.19 γ̂TERM −0.23
[−0.55] [−0.72]

γ̂MKTS 0.19 0.21 γ̂MKTS 0.83 0.70
[0.23] [0.29] [1.46] [1.25]

γ̂CPTLT 0.05 −0.07 γ̂CPTLT 1.50 1.28
[0.03] [−0.05] [1.70] [1.60]

γ̂0 0.30 0.47 0.46 0.50 0.59 0.44 γ̂0 0.28 0.42 0.39 0.32 0.41 0.39
[2.46] [3.18] [4.74] [3.80] [3.49] [4.88] [2.03] [2.13] [2.17] [1.92] [2.23] [2.46]

Adj. R2 0.116 0.277 0.205 0.144 0.142 0.197 Adj. R2 0.065 0.147 0.123 0.088 0.082 0.103
Months 125 125 125 125 125 125 Months 125 125 125 125 125 125
Obs. 321,280 321,280 321,280 321,280 321,280 321,280 Obs. 321,280 321,280 321,280 321,280 321,280 321,280
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Table 13: Portfolio sorts for nontraded factor models. The table reports the contemporaneous (Panel A) and one-month ahead (Panel B)
average excess quintile portfolio returns sorted from low to high on the respective factor model betas available in month t. Factor betas are estimated by
regressing bond excess returns on factor returns over fixed 36-month rolling windows, with a minimum of 24 months required to include the coefficient
estimate in the sample. The factor betas are estimated jointly for each model. t-statistics (in square brackets) are based on NW standard errors with
three lags. Panels A and B are based on the sample period 2004:08 to 2016:12 (149 months). After computing the rolling betas, the sample spans the
period 2006:08 to 2016:12 (125 months).

Panel A: Contemporaneous returns Panel B: One-month ahead returns

MACRO MACRO

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

UNC
0.62 0.42 0.37 0.48 0.95 0.32

UNC
1.21 0.51 0.35 0.42 0.54 −0.67

[0.78] [1.78] [3.21] [3.54] [3.20] [0.37] [2.31] [2.74] [3.16] [2.90] [1.88] [−1.88]

HKMNT HKMNT

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

CPTL
0.66 0.47 0.42 0.50 0.99 0.32

CPTL
0.62 0.36 0.36 0.52 1.17 0.55

[1.80] [2.66] [3.27] [2.87] [1.59] [0.50] [2.1] [2.09] [2.78] [2.88] [2.63] [2.02]

LIQPS LIQPS

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

PS
1.28 0.51 0.42 0.46 0.49 −0.79

PS
0.63 0.38 0.40 0.53 0.98 0.35

[2.68] [3.16] [3.6] [2.72] [1.10] [−1.54] [1.54] [2.26] [3.22] [3.12] [2.65] [1.47]

LIQAM LIQAM

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

AM
0.93 0.49 0.43 0.50 0.66 −0.27

AM
0.81 0.45 0.41 0.50 0.77 −0.03

[3.12] [3.74] [3.32] [2.23] [1.16] [−0.52] [2.49] [2.95] [3.20] [2.33] [1.88] [−0.12]

VOLPS VOLPS

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

VIX
0.98 0.56 0.50 0.41 0.64 −0.34

VIX
0.82 0.62 0.49 0.42 0.62 −0.20

[1.92] [2.36] [3.35] [3.13] [2.51] [−0.85] [1.98] [2.58] [3.10] [3.13] [2.39] [−0.85]

VOLAM VOLAM

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

VIX
0.99 0.54 0.45 0.38 0.72 −0.27

VIX
0.95 0.60 0.40 0.41 0.63 −0.32

[2.20] [2.70] [3.21] [2.78] [2.24] [−0.89] [2.25] [2.83] [2.84] [3.09] [2.07] [−1.67]
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Table 14: Fama-MacBeth estimates and t-statistics of the zero-beta rate and risk premia for nontraded factor models. The table
presents the estimation results for six beta pricing models. The models include the two-factor model of BSW (MACRO), the two-factor model of HKM
(HKMNT) with nontraded intermediary capital risk, the six-factor liquidity risk models with the Pastor-Stambaugh (LIQPS) and the Amihud (LIQAM)
illiquidity proxies, and the seven-factor systematic volatility risk factor models (VOLPS and VOLAM). The models are estimated using cross-sectional
Fama-MacBeth regressions of individual corporate bond excess returns on estimated factor betas. We report parameter estimates γ̂ (multiplied by 100)
and the NW t-ratios with three lags. Factor betas are estimated by regressing bond excess returns on factor returns over fixed 36-month rolling windows,
with a minimum of 24 months required to include the coefficient estimate in the sample. The factor betas are estimated jointly for each model. Panel A
presents results for contemporaneous returns, and Panel B for one-month ahead returns. Panels A and B are based on the sample period 2004:08 to
2016:12 (149 months). After computing the rolling betas, the sample spans the period 2006:08 to 2016:12 (125 months).

Panel A: Contemporaneous returns Panel B: One-month ahead returns

MACRO HKMNT LIQPS LIQAM VOLPS VOLAM MACRO HKMNT LIQPS LIQAM VOLPS VOLAM

γ̂MKTB 0.33 γ̂MKTB 0.23
[1.42] [1.36]

γ̂UNC 0.18 γ̂UNC −0.42
[0.33] [−1.55]

γ̂MKTS 0.20 0.19 0.27 0.14 0.21 γ̂MKTS 0.67 0.83 0.82 0.92 0.83
[0.29] [0.34] [0.47] [0.25] [0.37] [1.26] [1.66] [1.74] [1.89] [1.89]

γ̂CPTL 0.30 γ̂CPTL 1.52
[0.25] [2.04]

γ̂SMB 0.23 0.33 0.20 0.33 γ̂SMB −0.02 −0.10 0.01 0.04
[0.95] [1.33] [0.88] [1.48] [−0.13] [−0.51] [0.04] [0.24]

γ̂HML −0.32 −0.19 −0.28 −0.16 γ̂HML 0.08 0.00 −0.02 −0.02
[−0.87] [−0.62] [−0.84] [−0.50] [0.35] [−0.02] [−0.08] [−0.13]

γ̂DEF 0.12 0.19 0.00 0.12 γ̂DEF 0.26 0.26 0.23 0.23
[0.52] [0.87] [0.01] [0.62] [1.13] [1.29] [1.09] [1.25]

γ̂TERM 0.03 −0.07 0.15 0.07 γ̂TERM −0.25 −0.24 −0.17 −0.23
[0.09] [−0.23] [0.46] [0.23] [−0.85] [−0.86] [−0.59] [−0.80]

γ̂PS −6.10 γ̂PS 3.19 3.73
[−1.69] [1.36] [1.65]

γ̂AM 1.44 −5.55 2.09 γ̂AM −0.08 0.32
[0.52] [−1.61] [0.75] [−0.06] [0.25]

γ̂V IX −0.29 −0.29 γ̂V IX −0.44 −0.41
[−0.72] [−0.70] [−1.93] [−2.02]

γ̂0 0.28 0.42 0.37 0.33 0.34 0.30 γ̂0 0.31 0.41 0.29 0.29 0.28 0.31
[2.89] [4.03] [5.28] [4.53] [5.42] [4.29] [2.32] [2.38] [2.00] [1.94] [1.93] [1.97]

Adj. R2 0.187 0.187 0.373 0.376 0.367 0.367 Adj. R2 0.093 0.099 0.176 0.182 0.185 0.189
Months 125 125 125 125 125 125 Months 125 125 125 125 125 125
Obs. 321,280 321,280 321,280 321,280 321,280 321,280 Obs. 321,280 321,280 321,280 321,280 321,280 321,280
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Table 15: Monthly risk premia for time-invariant models. The table reports the estimated monthly risk
premia (in percent) and their 95% confidence intervals for the six beta-pricing models estimated by the method of
Gagliardini et al. (2016) using corporate bond-level data. The reported risk premia have been bias-adjusted. The
total number of bonds is given by n, the number of factors in each model is given by K, and the trimmed number
of bonds in the estimation is given by nχ for each factor model. The confidence intervals are constructed using the
HAC estimator as per the original authors. The trimming level for the risk premium estimation is χ1,T = 15. The
table is based on the sample period 2004:08 to 2016:12 (T = 149 months).

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂MKTB 0.54 0.47
(0.18,0.89) (0.11,0.82)

γ̂DRF 0.58
(−0.01,1.16)

γ̂CRF 0.42
(−0.30,1.13)

γ̂LRF 0.30
(0.00, 0.59)

γ̂DEF 0.42
(0.08,0.76)

γ̂TERM 0.37
(−0.12,0.86)

γ̂MKTS 1.71 1.88
(0.97,4.24) (1.13,2.62)

γ̂CPTLT 1.62 0.85
(0.30,2.94) (−0.47,2.17)

n 16,167 16,167 16,167 16,167 16,167 16,167
nχ 12,911 12,758 12,911 12,911 12,911 12,911
T 149 149 149 149 149 149
K 1 4 2 1 1 2
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Table 16: Estimated monthly risk premia for time-invariant models with nontraded factors. The
table reports the estimated monthly risk premia (in percent) and their 95% confidence intervals for the six beta-pricing
models with nontraded factors estimated by the method of Gagliardini et al. (2016) using corporate bond-level data.
The reported risk premia have been bias-adjusted. . The total number of bonds is given by n, the number of factors
in each model is given by K, and the trimmed number of bonds in the estimation is given by nχ for each factor
model. The confidence intervals are constructed using the HAC estimator as per the original authors. The trimming
level for risk premium estimation is χ1,T = 15. The table is based on the sample period 2004:08 to 2016:12 (T = 149
months).

MACRO HKMNT LIQPS LIQAM VOLPS VOLAM

γ̂MKTB 0.53
(0.17,0.88)

γ̂UNC −0.11
(−0.62,0.40)

γ̂MKTS 1.84 1.12 0.86 0.85 0.74
(1.10,2.59) (0.38,1.87) (0.12,1.61) (0.10,1.59) (0.00,1.49)

γ̂CPTL 0.10
(−1.17,1.38)

γ̂SMB 0.36 0.22 0.24 0.18
(0.01,0.71) (−0.13,0.57) (−0.11,0.59) (−0.17,0.53)

γ̂HML −0.49 −0.39 −0.45 −0.49
(−0.92,−0.06) (−0.83,0.04) (−0.88,−0.02) (−0.92,−0.05)

γ̂DEF 0.20 0.12 0.19 0.09
(−0.13,0.54) (−0.22,0.45) (−0.15,0.52) (−0.24,0.43)

γ̂TERM 0.46 0.55 0.48 0.58
(−0.02,0.95) (0.06,1.03) (−0.01,0.97) (0.09,1.06)

γ̂PS −0.43 0.22
(−5.61,4.75) (−4.96,5.40)

γ̂AM 4.51 4.37
(−0.16,9.17) (−0.29,9.03)

γ̂V IX −0.95 −0.68
(−1.61,−0.28) (−1.35,−0.01)

γ̂V IXt−1
−0.28 −0.27

(−0.95,0.39) (−0.94,0.39)

n 16,167 16,167 16,167 16,167 16,167 16,167
nχ 12,911 12,911 12,911 12,911 12,872 12,810
T 149 149 149 149 149 149
K 2 2 6 6 8 8
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Figure 1: Replicated and original BBW factors.

The figure plots the replicated and original BBW four factors. The factors include the value-weighted bond market
factor (MKTB), the downside risk factor (DRF ), the credit risk factor (CRF ), and the liquidity risk factor (LRF ).
The sample period for all factors is 2004:08 to 2016:12 (149 months). The returns are monthly and presented in
percent.
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Figure 2: Mean-standard deviation frontiers and maximum Sharpe ratios.

The figure plots the mean-standard deviation frontiers (MSTD frontier, black line) for the 25 size × maturity, 30
Fama-French (FF) industry, 25 size × rating, and 25 credit spread sorted portfolios. The slope of the red line
represents the maximum Sharpe ratio that can be achieved by investing in each set of corporate bond portfolios.
Similarly, the slope of the green line (BBW) represents the maximum Sharpe ratio from optimally combining the
BBW four factors. The slope of the blue line (CAPMB) is the Sharpe ratio of the bond market factor. The sample
period for all sets of portfolios is 2004:08 to 2016:12 (149 months). The return (y-axis) and standard deviation
(x-axis) are monthly and presented in percent.
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Figure 3: Time-varying risk premia for the BBW model.

The figure plots the estimated monthly risk premia, γ̂MKTB , γ̂DRF , γ̂CRF , and γ̂LRF , and their pointwise 95%
confidence intervals for the BBW model. Within each panel, we also report the time-invariant (red dashed horizontal
line) and the average conditional estimate (blue solid horizontal line). The estimated model considers all bonds as
test assets (n = 16,167 and nχ = 4,227). The sample period for all estimated risk premia is 2004:09 to 2021:12 (208
months). The risk premia are monthly and presented in percent.
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Figure 4: Time-varying CAPMB and CAPM risk premia.

The figure plots the estimated monthly risk premia, γ̂MKTB and γ̂MKTS , and their pointwise 95% confidence intervals
for CAPMB and CAPM. Within each panel, we also report the time-invariant (red dashed horizontal line) and the
average conditional estimate (blue solid horizontal line). The estimated model considers all bonds as test assets
(n = 16, 167 and nχ = 4, 227). The sample period for all estimated risk premia is 2004:09 to 2021:12 (208 months).
The risk premia are monthly and presented in percent.
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Abstract

This Internet Appendix presents supplementary material and results not included in the main
body of the paper.



A WRDS Bond Database portfolio-level results

We present the portfolio-level results for Tables 1 to 7 in the main text using the WRDS Bond

Database.

Tables A.1 to A.7 about here

The WRDS replicated vs. original BBW four factors are presented in Fig. A.1. The mean-

standard deviation frontiers are presented in Fig. A.2.

Figures A.1 and A.2 about here

B ICE Bond Database portfolio-level results

We present the portfolio-level results for Tables 1 to 7 in the main text using the ICE Bond

Database.

Tables A.8 to A.14 about here

The ICE replicated vs. original BBW four factors are presented in Fig. A.3. The mean-standard

deviation frontiers are presented in Fig. A.4.

Figures A.3 and A.4 about here

C Extended TRACE Bond Database portfolio-level results from
1986 to 2021

We present the results for Tables 2 to 7 in the main text using the extended database comprising

of the Lehman Brothers Bond Database (January 1986 to December 1996), the ICE Bond Database

(January 1997 to July 2002), and the Enhanced TRACE Bond Database (August 2002 to December

2021). We are unable to reproduce Table 1 in the main text for the extended sample, because BBW

do not make their factors publicly available for this longer sample.

Tables A.15 to A.20 about here
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D Duration-adjusted TRACE Bond Database portfolio-level re-
sults from 2004 to 2016

We present the results for Tables 2 to 7 in the main text using bond returns in excess of a

portfolio of duration-matched U.S. Treasuries. These returns are denoted as duration-adjusted

bond returns as in van Binsbergen and Schwert (2022). The sample period is 2004:08 to 2016:12.

We are unable to reproduce Table 1 when using duration-adjusted returns because BBW only

consider bond returns in excess of the one-month risk-free rate of return in their analysis.

Tables A.30 to A.35 about here

The mean-standard deviation frontiers are presented in Fig. A.5.

Figure A.5 about here

E Duration-adjusted extended TRACE Bond Database portfolio-
level results from 1986 to 2021

We present the results for Tables 2 to 7 in the main text using bond returns in excess of a

portfolio of duration-matched U.S. Treasuries for the extended TRACE sample from 1986:01 to

2021:12.

Tables A.45 to A.50 about here

F Corporate bond databases

We provide details on the three corporate bond databases used in this study. We consider

the Enhanced TRACE Bond Database, the WRDS Bond Database, and the ICE Bond Database.

Thereafter, we discuss the standard set of bond filtering rules used across databases, and we compare

the summary statistics across databases.
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F.1 Enhanced TRACE Bond Database

The Enhanced TRACE (TRACE) Bond Database is the primary database used in the original

BBW paper. TRACE provides intraday bond clean prices, trading volumes, and buy-and-sell

indicators. In the published version of the BBW paper, the authors set the sample to be July 2002

to December 2016 and rely only on the “Enhanced” version of the TRACE database. The filters

that BBW supposedly apply are detailed in the next sections.

Enhanced TRACE bond returns. BBW follow a non-standard approach in identifying a

corporate bond return at the end of any given month t. Specifically, the BBW method identifies

two possibilities for a valid bond return to be realised at the end of any given month t : (i) there is

a valid price at the end of month t and at the end of month t− 1; and (ii) there is a valid price at

the beginning of month t and at the end of month t. The ‘end of the month’ condition is satisfied

if the bond trades in the last five trading (business) days of any given month t. Conversely, the

‘beginning of the month’ condition is met if the bond trades in the first five trading days of the

month. This implies that if the bond price is missing during the last five days of month t − 1,

the price observation is set equal to the price during the first five days of month t. If a monthly

price can be obtained in both scenarios, preference is given to the price that is recorded in the last

five business days of month t− 1, as opposed to the first five days of month t. Accrued interest is

computed using the institutional grade bond pricing functions in the quantmod Python package,

which employ bond coupon-based variables from the Mergent FISD Database.

F.2 WRDS Bond Database

The Wharton Research Data Services (WRDS) Bond Database is a pre-processed monthly bond

database that uses the Enhanced TRACE and Mergent FISD bond databases. It was introduced in

April 2017. The data is publicly available (requires a valid subscription to WRDS). After logging

in to WRDS, the data is available here.

WRDS bond returns. The WRDS data team provides us with three different bond return

variables: RET EOM (returns are computed using bond prices that land on any day of the month),

RET L5M (a bond must trade on the last five days of the month), and RET LDM (a bond must trade
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on the last day of the month). For the results based on the WRDS Bond Database, we always use

RET L5M, i.e., a return is valid if the bond trades on the last five days of month t and month t− 1.

F.3 ICE Bond Database

The Intercontinental Exchange (ICE) Bond Database provides daily bond price quotes, accrued

interest, and a host of pre-computed corporate bond characteristics such as the bond option-

adjusted credit spread (OAS), the asset swap spread, duration, convexity, and bond returns in excess

of a portfolio of duration-matched Treasuries. The ICE sample spans the time period January 1997

to December 2020. The ICE data includes constituent bonds from the ICE Bank of America High

Yield (H0A0) and Investment Grade (C0A0) Corporate Bond Indices. The ICE data is considered

to be the ‘gold standard’ of corporate bond data and is the primary data source for sophisticated

investors including hedge funds, banks, and investment managers (Kelly et al.,2023). It underlies

the Bank of America Merrill Lynch data used by Schaefer and Strebulaev (2008), Israel et al.

(2018), Feldhütter and Schaefer (2018), Schwert (2020), and van Binsbergen and Schwert (2022),

among others.

Relative to the Enhanced TRACE and WRDS Databases, the ICE Bond Database has several

advantages. First, the sample size of the ICE database is larger because it is quote- as opposed

to transaction-based. A valid return observation in the TRACE data only occurs if trades happen

sufficiently close to the start and end dates of a return period.34 See Kelly and Pruitt (2022) for

a detailed discussion of the differences and similarities between the ICE and Enhanced TRACE

data. Furthermore, the ICE data begins in December 1996, which allows for a substantially longer

sample than the TRACE dataset. Second, ICE provides a host of complex (and pre-computed)

bond analytics such as the OAS and interest rate hedged returns. TRACE does not provide these,

meaning that there is heterogeneity in empirical asset pricing results based on each researcher’s

method in computing these bond characteristics. For the extended database, we use the ICE data

from 1997:01 to 2002:07.

ICE bond returns. Total bond returns are computed in a standard manner in ICE, and no

assumptions about the timing of the last trading day of the month are made because the data is

34For example, the WRDS Bond Database records a valid return observation if a corporate bond trades within five
days of the end of the current and previous months.
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quote based, i.e., there is always a valid quote at month-end to compute a bond return. This means

that each bond return is computed using a price quote at exactly the end of the month, each and

every month. This introduces homogeneity into the bond returns because prices are sampled at

exactly the same time each month.

F.4 Lehman Brothers (LHM) Bond Database

The Lehman Brothers Bond Database holds monthly price data for corporate (and other) bonds

starting from January 1973 until December 1997. The database categorizes the prices as either

quote or matrix prices and identifies whether the bonds are callable or not. However, as per the

findings of Chordia et al. (2017), the difference between quote and matrix prices or callable and

non-callable bonds does not have a material impact on cross-sectional return predictability. Hence,

we include both types of observations. In addition, the Lehman Brothers data provides key bond

details such as the amount outstanding, credit rating, offering date, and maturity date. For the

extended dataset, we use the LHM data from 1986:01 to 1996:12. We include matrix priced bonds

because if we were to exclude them, we would not be able to form suitable quintile breakpoints

across ratings to create the extended DRF and CRF BBW factors.

LHM bond returns. The LHM bond database includes corporate bond returns pre-computed

in accordance with Eq. (1). This has been verified empirically by Elkamhi et al. (2022).

F.5 Mergent FISD Database

Mergent FISD provides data on (mostly) static bond characteristics. Each bond database is

merged to the Mergent FISD database for additional bond characteristics such as coupon, country

domicile, and other issuer characteristics.

F.6 Bond filters

We apply the standard bond filtering procedure used in the original BBW paper. The fil-

ters primarily use the bond characteristics from the Mergent FISD database and are applied to

the TRACE database described above. Next, we list the intraday filters used to clean the daily

Enhanced TRACE data.
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F.6.1 Mergent bond filters

1. Only keep bonds that are issued by firms domiciled in the United States of America, COUNTRY DOMICILE

== "USA". This corresponds to “bond issuers not in the jurisdiction of the United States” in

the original BBW paper.

2. Remove bonds that are private placements, PRIVATE PLACEMENT == "N".

3. Only keep bonds that are traded in U.S. Dollars, FOREIGN CURRENCY == "N".

4. Bonds that trade under the 144A Rule are discarded, RULE 144A == "N".

5. Remove all asset-backed bonds, ASSET BACKED == "N".

6. Remove convertible bonds, CONVERTIBLE == "N".

7. Only keep bonds with a fixed or zero coupon payment structure, i.e., remove bonds with a

floating (variable) coupon, COUPON TYPE != "V".

8. Remove bonds that are equity linked, agency-backed, U.S. Government, and mortgage-backed,

based on their BOND TYPE.

9. Remove bonds that have a “non-standard” interest payment structure or bonds not caught by

the variable coupon filter (COUPON TYPE). This affects a tiny fraction of bonds (∼ 0.10% or 142

bonds) of the Mergent FISD data file. We remove bonds that have an INTEREST FREQUENCY

equal to -1 (N/A), 13 (Variable Coupon), 14 (Bi-Monthly), and 15 and 16 (undocumented

by Mergent FISD). Additional information on INTEREST FREQUENCY is available on Page 60

of 67 of the Mergent FISD Data Dictionary 2012 document.

10. Remove a small fraction of bonds that do not have the required (and crucial information) to

compute accrued interest. Bonds that do not have a valid DATED DATE are removed (3,051

bonds). The DATED DATE variable is the date from which bond interest accrues. Bonds without

a valid INTEREST FREQUENCY, DAY COUNT BASIS, OFFERING DATE, COUPON TYPE, and COUPON

are also removed (425 bonds in total).

The Mergent FISD file, without filtering, contains 532,838 bonds (mix of corporate, agency,

municipal, and government). After filtering (steps 1-10), the file is reduced to 130,026 corporate
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bonds. For bonds with missing amount outstanding information in the file, we set the amount

outstanding equal to the face value at issuance.

F.6.2 Intraday Enhanced TRACE bond filters

We closely follow BBW in cleaning the intraday TRACE corporate bond data.

1. Keep all trades that have less than two days to settlement, days to sttl ct == ‘002’,

days to sttl ct == ‘001’, days to sttl ct == ‘000’ or days to sttl ct == ‘None’.

2. Remove trade records with the ‘when-issued’ indicator, wis fl != ‘Y’.

3. Remove trade records with the ‘locked-in’ indicator, lckd in ind != ‘Y’.

4. Keep trade records which do not have special conditions, sale cndtn cd == ‘None’ or

sale cndtn cd == ‘@’.

5. Keep trades that register a daily par volume equal or greater than $10,000, entrd vol qt >=

10000.

6. Keep trades that include bond prices less than $1,000 and greater than $5, (rptd pr > 5)

& (rptd pr < 1000).

Thereafter, we clean the bond trades for reversals, corrections, and cancellations in the standard

manner as prescribed by Dick-Nielsen (2009) and Dick-Nielsen (2014). The end-of-day bond clean

price is the volume-weighted price of all eligible trades within each day d of month t as per BBW.

We explicitly do not account for agency trades, as this follows the original cleaning process of BBW.

The WRDS database does account for double-counted agency trades.

F.7 Summary statistics across bond databases

We start by shedding light on the number of bonds and issuers in the various samples considered.

We then provide summary statistics across databases.
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F.7.1 Number of bonds and issuers

In Panel A of Table A.59, we present the number of bond-month observations, bonds, firms,

and the average number of bonds and firms in any given month t throughout the sample. A bond

or firm observation is valid if it has non-missing data for the bond return, bond rating, and bond

amount outstanding.

Table A.59 about here

For the TRACE Bond Database, we strictly follow the methodology of BBW, and we compute

a return for month t if the bond traded within the last five business days of months t and t − 1

or, if this is not available, if the bond traded in the first and last five business days of month

t. When there are overlaps, we use month-end returns. For the WRDS Bond Database, we use

the RET L5M bond return variable, which is the bond return conditional on the bond being traded

within the last five business days of months t and t − 1. For the ICE Bond Database, we sample

the daily bond quotes on the last business day of each month to compute the bond return. By

strictly following the BBW sampling procedure for the TRACE data, we are only able to produce

69% of their bond-month observations, 80% of their bonds and 69% of their firms. For the other

databases, which use publicly available data and are not processed by us, the numbers are even

lower. Given this finding, we suspect that BBW did not adhere to their filtering rules regarding the

number of days toward the end or beginning of the month a bond must trade in. We investigate

this further in Panel B using the TRACE data. We expand the number of days that a valid return

can be computed with the Enhanced TRACE data. We use a number of days equal to 1 (end of

the month), 3, 5 (as in Panel A), 10 and > 10 (i.e., any day in the month). For n > 10 (a return is

computed if the bond traded on any day in the month), we obtain numbers that are very similar to

what BBW report. We conclude that it is highly likely that BBW did not follow their prescribed

filtering rules when producing their bond dataset.

F.7.2 Summary statistics

In Panel A of Tables A.60 to A.62, we report time-series averages of the cross-sectional mean,

median, standard deviation (SD), and percentiles. In Panel B, we report the time-series averages

of the cross-sectional correlations.
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Tables A.60 to A.62 about here

The summary statistics are very similar across all three databases. Bond returns (total return, not

excess) are highest for the TRACE database (0.72% per month), followed by the WRDS database

(0.63%), and the ICE database (0.58%). Differences between the average returns are to be expected

given that the ICE Bond Database is a combination of transaction and quote data, whereas the

TRACE and WRDS data both use the transactions-based Enhanced TRACE bond data. For an

exhaustive discussion of the differences between the returns across the databases, see Kelly and

Pruitt (2022).

G The BBW four-factor model across bond databases

This section conducts a comprehensive analysis of the original BBW factors. We show that each

and every original factor cannot be replicated across any of the three corporate bond databases.

Furthermore, three out of the four factors have either a lead or lag error implying that the returns

for the factors are realized at incorrect dates. The original factors are available on either Turan

Bali’s or Jennie Bai’s personal websites.35

G.1 The bond market factor

BBW define the bond market factor (denoted as MKTBond in their paper and as MKTB

by us) as “the corporate bond market excess return constructed using the value-weighted average

return of all corporate bonds in the sample (in excess of one month US T-bill rate).” In this

subsection, we document that their MKTBond factor is an extremely close replica of a publicly

available investment grade bond index. Thereafter, we conduct analysis that suggests that their

MKTBond factor substantially underestimates the average excess return on the actual corporate

bond market factor across all three databases.

G.1.1 Comparing the bond market factor with publicly available bond indices

Given that the average monthly return and standard deviation of the TRACE MKTB factor in

Table 1 of the main text are much bigger than those reported in BBW, we now compare the MKTB

35As of March 2023, these factors have not been corrected.
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factor with the returns on publicly available corporate bond indices. We download the “ICE BofA

US Corporate Index Total Return Index Value” (ICE BofA IG), which tracks investment-grade

bonds, and the “ICE BofA US High Yield Index Total Return Index Value” (ICE BofA HY), which

tracks speculative (junk) bonds from FRED. A combined index of IG and HY debt does not exist,

so we simply compute a combined index (ICE BofA) by assigning 30% and 70% weights to the HY

and IG indices, respectively. These weights correspond to the sample split between HY and IG

bonds over our sample period. In Table A.63, we report summary statistics for the IG, HY, and

combined indices as well as summary statistics for the MKTB factor across the three databases

together with the original BBW factor.

Table A.63 about here

The sample mean for MKTB from the replications is 0.422% for ICE, 0.416% for WRDS, and

0.469% for TRACE. The means for the MKTB factor across ICE, WRDS, and TRACE are re-

markably similar, especially in light of the facts that the TRACE database contains more junk-rated

debt and that the returns are computed with prices at the end (and in some cases at the beginning

of the month) as per BBW. As expected, the standard deviation for the TRACE MKTB factor

is the highest. We find it puzzling that the sample mean of the BBW MKTB factor, 0.333% (as-

sumed to be the average value-weighted excess return on all bonds in the sample), is almost exactly

the same as the average excess return on the ICE BofA US Corporate Index Total Return Index

(ICE BofA IG) of 0.337%. What is even more puzzling is the BBW MKTB standard deviation

of only 1.385% vs. the standard deviation of the ICE BofA IG index of 1.628% (with minimum

returns of −6.365% and −7.488%, respectively). In other words, the BBW market factor has a

lower volatility and less drawdown than a publicly available bond investment grade index excess

return.

Given the similarity between the sample means of the BBW MKTB and the ICE BofA IG

index, we plot the monthly return (in %) and the cumulative value of $1 invested in Panels A and

C of Fig. A.6. Strikingly, the BBW factor closely mimics the ICE BofA IG Index. A $1 investment

in either index would yield $1.6187 and $1.6184, respectively, by the end of the sample period.

Again, this is deeply troubling given that the BBW market index was supposedly constructed

using all bonds (both IG and HY) in the Enhanced TRACE Bond Database.
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Figure A.6 about here

In Panels B and D, we plot the monthly returns and cumulative value of $1 invested across the three

databases and the weighted average of the ICE BofA IG and ICE BofA HY indices (ICE BofA).

Across all of the MKTB factors, the cumulative returns are similar and much larger that those of

BBW or the ICE BofA IG Index. The discrepancy between the ICE database factor (yellow line)

and the ICE BofA factor (purple line) is due to the additional filters that ICE imposes on their

sample. Furthermore, the ICE BofA is simply a weighted average of the ICE IG and HY indices.36

G.2 The downside and credit risk factors

BBW define DRF as “constructed by independently sorting corporate bonds into 5 × 5 quintiles

based on the 5% VaR and credit ratings. DRF is the value-weighted average return difference

between the highest-VaR portfolio minus the lowest-VaR portfolio within each rating portfolio.”

The construction of CRF is slightly more complex. First, three sub-portfolios are constructed

as the average return differences between the high and low rated quintile portfolios across the

VaR quintiles (CRFV aR), the reversal quintiles (CRFREV ), and the illiquidity sorted quintiles

(CRFILLIQ). Following BBW, CRF is then defined as CRF = 1
3 × (CRFV aR + CRFILLIQ +

CRFREV ).

G.2.1 Lead errors (look-ahead bias) in the downside and credit risk factors

The publicly available DRF and CRF from either Turan Bali or Jennie Bai’s personal websites

contain a lead error that spans the sample period 2004:08 to 2014:12 (i.e., over 80% of their sample

period). We plot monthly returns on DRF and CRF in Panels A–D of Fig. A.7 for the original

factor (not lead corrected) and the replicated factors using the TRACE database.

Figure A.7 about here

The lead error in the original DRF and CRF implies, for example, that the return for December is

the return for January. In other words, there is a one-month look-ahead bias in the original DRF

and CRF. This one-month look-ahead bias has an enormous impact on the correlation between the

36These filters are explained in detail for the ICE IG index here and the HY index here.
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replicated and original factors. We report, in Table A.64, the non-overlapping yearly correlation

coefficients between the original BBW factors (with the lead error) and the replication and the

corrected BBW factors and the replication.

Table A.64 about here

The correlation between the replicated DRF factor and the original uncorrected DRF factor ranges

between −0.32 in 2011 to 0.38 in 2006. After correcting the lead error, the correlation ranges from a

minimum of 0.85 in 2011 to 0.99 in 2013. Even more extreme magnitudes are obtained for the CRF

factor. The correlation between the original uncorrected (corrected) factor and the replication is

−0.64 (0.94) in 2013.

G.3 The liquidity risk factor

The liquidity risk factor of BBW, LRF , is the value-weighted average return difference between

the highest-illiquidity and the lowest illiquidity portfolios across the rating portfolios.

G.3.1 The lag error in the liquidity risk factor

The original LRF has a lag error between 2015:01 and 2016:12 (spanning 24 months of the BBW

sample). We plot monthly returns on LRF in Fig. A.8 for the original factor (not lag corrected)

and the replicated factor using the TRACE database in Panel A.

Figure A.8 about here

Clearly, in the original LRF, the % return for month t is in fact the value for t−1, i.e., the value at

t+1 is the return at t. For this subperiod, the time-series correlation between the uncorrected LRF

and the replicated LRF is low at 0.39. In Panel B, we correct the lag error in the original LRF

factor by introducing a lead of one month. Visually, it is clear that the factors are now aligned.

The correlation coefficient between the corrected BBW LRF and the TRACE replicated LRF also

jumps upward to 0.93.
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G.3.2 Robustness checks with bond ILLIQ computation

The illiquidity proxy used to construct LRF is computed according to the methodology in Bao

et al. (2011). The illiquidity measure (ILLIQ) is defined as

− covt(∆pi,t,d,∆pi,t,d+1), (A.1)

where pi,t,d = log(Pi,t,d) − log(Pi,t,d−1) is the log return of bond i on day d of month t and the

covariance is calculated over all daily returns in month t. To recognize a daily bond return, we

require that the number of trading days between the lagged price and the current price be less

than or equal to one week (7 business days). When computing ILLIQ, the primary specification

also requires at least five observations of the paired price changes, (∆pi,t,d,∆pi,t,d+1) in any given

month t.37 We use 2, 10, and 15 required paired prices changes to recompute ILLIQ. We then use

the various versions of ILLIQ to recompute LRF. Summary statistics are presented in Table A.65

below.

Table A.65 about here

The factors are extremely similar, regardless of the minimum required number of paired daily bond

returns used to compute ILLIQ.

37We use five paired observations (see the caption of Table A.10 of the Internet Appendix of BBW).
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Table A.1: Bai et al. (2019) four-factor comparison – WRDS. Panels A and B report factor means,
standard deviations (SD), and percentiles for the original and WRDS Bond Database replicated factors, respectively.
Panel C.1 reports the pairwise correlations between the original factors (which contain lead-lag errors) and the
replicated factors, and Panel C.2 reports the pairwise correlations between the corrected original factors and the
replicated factors. Panels D.1 and D.2 report the pairwise correlations for the original factors and replicated factors,
respectively. Panels A–D are based on the sample period 2004:08 to 2016:12 (149 months).

Panel A: Original factors

Mean SD Median Min 5th 25th 75th 95th Max

MKTB 0.333 1.381 0.410 −6.365 −1.298 −0.467 0.987 2.299 7.568
DRF 0.694 2.381 0.595 −7.430 −2.451 −0.553 1.722 4.462 12.790
CRF 0.431 1.876 0.327 −8.839 −2.354 −0.429 1.357 3.089 8.194
LRF 0.491 1.418 0.321 −2.629 −0.936 −0.243 0.938 2.230 11.660

Panel B: WRDS replicated factors

Mean SD Median Min 5th 25th 75th 95th Max

MKTB 0.416 1.781 0.373 −8.258 −1.829 −0.487 1.143 2.540 10.370
DRF 0.468 2.773 0.471 −11.090 −3.144 −0.750 1.647 4.681 11.820
CRF 0.190 2.984 0.321 −18.180 −3.402 −0.933 1.699 3.849 10.420
LRF 0.224 1.163 0.077 −3.942 −1.028 −0.356 0.529 2.117 6.430

Panel C: Pairwise correlations across factors

C.1: Original-replicated C.2: Original (corrected)-replicated

MKTB DRF CRF LRF MKTB DRF CRF LRF

MKTB 0.955 0.955
DRF 0.337 0.943
CRF 0.413 0.926
LRF 0.782 0.836

Panel D: Pairwise correlations across factors

D.1: Original D.2: Replicated

MKTB DRF CRF LRF MKTB DRF CRF LRF

MKTB 1 0.284 0.455 0.470 1 0.841 0.334 0.668
DRF 1 0.424 0.319 1 0.384 0.797
CRF 1 0.352 1 0.334
LRF 1 1
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Table A.2: Summary statistics – WRDS. Panel A reports factor means (“Mean”), the single-factor bond
market alphas (“Alpha”), the bias-adjusted factor squared Sharpe ratios (Sh2), and the standard deviations (SD)
computed using the WRDS Bond Returns module for the bond market factor (MKTB), the downside risk factor
(DRF ), the credit risk factor (CRF ), the liquidity risk factor (LRF ), the default risk factor (DEF ), the term structure
factor (TERM ), the stock market factor (MKTS), and the traded version of the HKM intermediary capital risk
factor (CPTLT ). Panel B reports the model bias-adjusted squared Sharpe ratios for the BBW four-factor model, the
DEFTERM two-factor model, and the HKM two-factor model. Panel C reports the factor correlations. Panels A–C
are based on the sample period 2004:08 to 2016:12 (149 months). p-values are in square brackets.

Panel A: Factor summary statistics and squared Sharpe ratios

MKTB DRF CRF LRF DEF TERM MKTS CPTLT

Mean 0.416 0.468 0.190 0.224 0.020 0.478 0.675 0.502
[0.004] [0.039] [0.436] [0.019] [0.911] [0.077] [0.048] [0.381]

Alpha - −0.076 −0.043 0.042 −0.279 0.272 0.205 −0.072
- [0.619] [0.876] [0.468] [0.071] [0.301] [0.517] [0.896]

Sh2 0.047 0.021 −0.003 0.029 −0.007 0.014 0.019 −0.002
[0.008] [0.075] [1.000] [0.036] [1.000] [0.150] [0.092] [1.000]

SD 1.787 2.782 2.994 1.167 2.172 3.308 4.176 7.024

Panel B: Model squared Sharpe ratios

BBW DEFTERM HKM

Sh2 0.037 0.014 0.023
[0.238] [0.361] [0.180]

Panel C: Factor correlations

MKTB DRF CRF LRF DEF TERM MKTS CPTLT

MKTB 1 0.841 0.334 0.668 0.591 0.268 0.483 0.351
DRF 1 0.384 0.797 0.676 0.012 0.491 0.422
CRF 1 0.334 0.435 −0.543 0.691 0.670
LRF 1 0.396 0.103 0.311 0.325
DEF 1 −0.446 0.536 0.507
TERM 1 −0.296 −0.380
MKTS 1 0.818
CPTLT 1
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Table A.3: Tests of equality of squared Sharpe ratios – WRDS. Panel A reports the differences in bias-
adjusted sample squared Sharpe ratios between the six asset pricing models using the WRDS Bond Returns module.
The differences are computed between the squared Sharpe ratios in row i and column j. The models include the
CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM),
the four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model
of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French (1993,
DEFTERM). Panel B reports the associated p-values. Panel C reports a conditional heteroskedastic version of the
GRS test with p-values in square brackets. In the computation of the GRS test, we employ the monthly excess returns
on the 25 size × maturity, 30 Fama-French (FF) industry, 25 size × rating, and 25 credit spread sorted portfolios.
Panels A–C are based on the sample period 2004:08 to 2016:12 (149 months). N and T represent the number of
assets and time series observations, respectively.

Panel A: Differences in sample squared Sharpe ratios

CAPM HKMSF HKM DEFTERM BBW

CAPMB 0.028 0.049 0.024 0.033 0.010
CAPM 0.021 −0.004 0.005 −0.018
HKMSF −0.025 −0.015 −0.039
HKM 0.009 −0.014
DEFTERM −0.023

Panel B: p-values

CAPM HKMSF HKM DEFTERM BBW
CAPMB 0.404 0.183 0.485 0.296 0.646
CAPM 0.067 0.198 0.885 0.670
HKMSF 0.032 0.120 0.094
HKM 0.809 0.060
DEFTERM 0.062

Panel C: GRS test

25 size × maturity 30 FF industry 25 size × rating 25 credit spread

CAPMB 2.072 1.860 2.462 3.153
[0.005] [0.01] [0.001] [0.000]

CAPM 2.021 1.876 3.001 2.412
[0.006] [0.009] [0.000] [0.001]

HKMSF 2.184 1.859 2.792 2.455
[0.003] [0.01] [0.000] [0.001]

HKM 2.027 1.837 2.930 2.451
[0.006] [0.012] [0.000] [0.001]

DEFTERM 2.911 1.828 3.113 2.849
[0.000] [0.012] [0.000] [0.000]

BBW 2.139 2.529 2.578 3.483
[0.003] [0.000] [0.000] [0.000]

N 25 30 25 25
T 149 149 149 149
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Table A.4: Sample cross-sectional R2s and specification tests of the models – WRDS. The table presents the sample OLS and
GLS cross-sectional R2 (ρ̂2) and the generalized CSRT (Q̂c) of six beta-pricing models using the WRDS Bond Returns module.
The models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor
(CAPM), the four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of
HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French (1993, DEFTERM).
The models are estimated using monthly excess returns on the 25 size × maturity and the 30 Fama-French (FF) industry sorted
portfolios (Panels A and C for OLS and GLS, respectively), and the 25 size × rating and 25 credit spread sorted portfolios
(Panels B and D for OLS and GLS, respectively). The sample period is 2004:08 to 2016:12 (149 months). p(ρ2 =1) is the p-value
for the test of H0 : ρ2 = 1. p(ρ2 = 0) is the p-value for the test of H0 : ρ2 = 0. se(ρ̂2) is the standard error of ρ̂2 under the
assumption that 0 < ρ2 < 1. p(Qc = 0) is the p-value for the approximate F -test of H0 : Qc = 0. No. of param. is the number
of parameters in the model.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.679 0.821 0.529 0.320 0.081 0.712 0.006 0.424 0.114 0.005 0.010 0.033
p(ρ2 =1) 0.386 0.016 0.117 0.360 0.150 0.529 0.068 0.149 0.061 0.061 0.060 0.053
p(ρ2 =0) 0.067 0.151 0.192 0.045 0.491 0.106 0.834 0.493 0.611 0.852 0.806 0.937
se(ρ̂2) 0.324 0.164 0.376 0.373 0.265 0.314 0.055 0.295 0.224 0.053 0.083 0.239

Q̂c 0.330 0.316 0.342 0.323 0.351 0.285 0.251 0.243 0.237 0.254 0.251 0.236
p(Qc=0) 0.022 0.013 0.012 0.026 0.013 0.052 0.379 0.283 0.405 0.366 0.380 0.413
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.645 0.795 0.761 0.698 0.732 0.789 0.886 0.917 0.893 0.817 0.800 0.846
p(ρ2 =1) 0.509 0.061 0.396 0.538 0.604 0.641 0.115 0.272 0.142 0.029 0.028 0.059
p(ρ2 =0) 0.323 0.484 0.411 0.341 0.333 0.422 0.046 0.058 0.053 0.061 0.065 0.071
se(ρ̂2) 0.449 0.343 0.433 0.447 0.434 0.401 0.141 0.109 0.143 0.190 0.203 0.153

Q̂c 0.354 0.312 0.312 0.361 0.363 0.332 0.292 0.147 0.287 0.350 0.339 0.320
p(Qc=0) 0.012 0.014 0.027 0.01 0.009 0.016 0.056 0.566 0.05 0.013 0.018 0.021
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3
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Table A.4 (Cont’d): Sample cross-sectional R2s and specification tests of the models – WRDS.

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.061 0.067 0.075 0.025 0.006 0.070 0.008 0.014 0.016 0.001 0.003 0.005
p(ρ2 =1) 0.002 0.000 0.002 0.002 0.000 0.021 0.109 0.062 0.101 0.100 0.101 0.090
p(ρ2 =0) 0.073 0.550 0.156 0.243 0.562 0.281 0.581 0.977 0.763 0.861 0.762 0.929
se(ρ̂2) 0.057 0.060 0.067 0.040 0.020 0.089 0.026 0.033 0.035 0.008 0.015 0.024

Q̂c 0.330 0.307 0.340 0.338 0.358 0.310 0.251 0.247 0.253 0.253 0.251 0.246
p(Qc=0) 0.022 0.016 0.013 0.018 0.011 0.028 0.378 0.266 0.325 0.367 0.379 0.358
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.330 0.366 0.343 0.137 0.154 0.154 0.330 0.366 0.343 0.137 0.154 0.154
p(ρ2 =1) 0.311 0.220 0.368 0.097 0.099 0.080 0.311 0.220 0.368 0.097 0.099 0.080
p(ρ2 =0) 0.000 0.005 0.000 0.006 0.008 0.069 0.000 0.005 0.000 0.006 0.008 0.069
se(ρ̂2) 0.148 0.164 0.160 0.089 0.100 0.099 0.148 0.164 0.160 0.089 0.100 0.099

Q̂c 0.276 0.250 0.256 0.360 0.344 0.345 0.276 0.250 0.256 0.360 0.344 0.345
p(Qc=0) 0.083 0.072 0.102 0.010 0.016 0.011 0.083 0.072 0.102 0.010 0.016 0.011
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3
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Table A.5: Tests of equality of cross-sectional R2s – WRDS. The table presents pairwise tests of equality of the OLS and GLS
cross-sectional R2s using the WRDS Bond Returns module of six beta-pricing models. The models include the CAPM with
the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the four-factor model of
Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor
model with default risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using
monthly excess returns on the 25 size × maturity and the 30 Fama-French (FF) industry sorted portfolios (Panels A and C for
OLS and GLS, respectively), and the 25 size × rating and 25 credit spread sorted portfolios (Panels B and D for OLS and GLS,
respectively). The sample period is 2004:08 to 2016:12 (149 months). We report the difference between the sample cross-sectional
R2s of the models in row i and column j, ρ2i − ρ2j , and the associated p-value (in square brackets) for the test of H0 : ρ2i = ρ2j .
The p-values are computed under the assumption that the models are potentially misspecified.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.142 0.150 0.359 0.598 −0.033 −0.418 −0.109 0.001 −0.005 −0.028
[0.688] [0.097] [0.514] [0.217] [0.843] [0.547] [0.678] [0.995] [0.972] [0.915]

BBW 0.292 0.501 0.740 0.109 0.309 0.419 0.413 0.39
[0.417] [0.297] [0.053] [0.750] [0.351] [0.140] [0.147] [0.305]

DEFTERM 0.209 0.448 −0.183 0.109 0.104 0.081
[0.725] [0.404] [0.340] [0.556] [0.505] [0.652]

CAPM 0.239 −0.392 −0.005 −0.028
[0.101] [0.256] [0.885] [0.804]

HKMSF −0.631 −0.023
[0.157] [0.814]

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.149 −0.115 −0.053 −0.087 −0.144 −0.031 −0.008 0.069 0.086 0.040
[0.709] [0.63] [0.834] [0.765] [0.756] [0.743] [0.746] [0.333] [0.329] [0.570]

BBW 0.034 0.097 0.063 0.006 0.024 0.100 0.117 0.072
[0.843] [0.592] [0.681] [0.979] [0.778] [0.464] [0.445] [0.489]

DEFTERM 0.063 0.029 −0.028 0.077 0.094 0.048
[0.224] [0.710] [0.925] [0.296] [0.295] [0.508]

CAPM −0.034 −0.091 0.017 −0.029
[0.553] [0.595] [0.513] [0.521]

HKMSF −0.057 −0.046
[0.679] [0.404]
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Table A.5 (Cont’d): Tests of equality of cross-sectional R2s – WRDS.

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.006 −0.015 0.035 0.054 −0.010 −0.006 −0.007 0.008 0.006 0.004
[0.971] [0.717] [0.444] [0.291] [0.901] [0.983] [0.755] [0.811] [0.870] [0.919]

BBW −0.009 0.041 0.060 −0.004 −0.002 0.013 0.011 0.009
[0.847] [0.281] [0.223] [0.964] [0.952] [0.732] [0.777] [0.802]

DEFTERM 0.050 0.069 0.005 0.015 0.013 0.011
[0.377] [0.251] [0.957] [0.714] [0.771] [0.811]

CAPM 0.019 −0.045 −0.002 −0.004
[0.431] [0.333] [0.842] [0.758]

HKMSF −0.064 −0.002
[0.241] [0.814]

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.069 −0.065 0.009 −0.002 −0.072 −0.036 −0.014 0.193 0.176 0.176
[0.403] [0.298] [0.749] [0.939] [0.458] [0.835] [0.836] [0.121] [0.238] [0.233]

BBW 0.004 0.078 0.067 −0.003 0.022 0.229 0.212 0.212
[0.960] [0.260] [0.298] [0.977] [0.862] [0.130] [0.188] [0.186]

DEFTERM 0.074 0.063 −0.007 0.207 0.190 0.189
[0.300] [0.291] [0.948] [0.140] [0.255] [0.250]

CAPM −0.011 −0.081 −0.017 −0.017
[0.715] [0.083] [0.751] [0.519]

HKMSF −0.070 0.000
[0.092] [0.962]

x
x



Table A.6: Price of beta risk – WRDS. The table presents the estimation results of six beta-pricing models using the WRDS Bond Returns
module. The models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the
four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model
with default risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using monthly excess returns on the 25
size × maturity sorted portfolios (Panels A and E for OLS and GLS, respectively), the 30 Fama-French (FF) industry sorted portfolios (Panels B and F
for OLS and GLS, respectively), the 25 size × rating sorted portfolios (Panels C and G for OLS and GLS, respectively), and the 25 credit spread sorted
portfolios (Panels D and H for OLS and GLS, respectively). The sample period is 2004:08 to 2016:12 (149 months). We report parameter estimates
γ̂ (multiplied by 100), the t-ratios under correctly specified models that account for the EIV problem (t-statc), and the model misspecification-robust
t-ratios (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.13 0.33 0.08 0.35 0.41 0.30 0.23 0.19 0.36 0.04 0.22 1.03 0.36 0.87 0.12 1.35 0.19
t-statc [1.00] [1.69] [0.91] [2.03] [1.54] [1.15] [1.66] [2.20] [1.59] [0.12] [1.96] [1.64] [2.27] [0.86] [0.96] [1.57] [0.16]
t-statm [0.99] [1.82] [0.93] [2.08] [1.46] [1.10] [1.74] [1.88] [1.20] [0.10] [1.51] [1.98] [1.72] [0.67] [1.17] [1.88] [0.16]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.36 0.06 −0.02 0.40 −0.11 −0.08 0.06 0.30 −0.08 0.54 0.44 −0.11 0.44 −0.25 0.38 0.12 −0.55
t-statc [2.28] [0.26] [−0.12] [1.57] [−0.36] [−0.31] [0.33] [1.91] [−0.29] [1.19] [3.65] [−0.22] [3.67] [−0.31] [2.90] [0.22] [−0.57]
t-statm [1.63] [0.21] [−0.09] [1.27] [−0.21] [−0.28] [0.16] [1.20] [−0.21] [1.01] [3.21] [−0.19] [3.38] [−0.24] [1.29] [0.13] [−0.27]

Panel C: 25 size × rating portfolios (OLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.20 0.26 0.09 0.34 0.47 0.15 0.29 0.39 0.25 −0.32 0.36 0.43 0.38 0.78 0.45 0.13 1.39
t-statc [0.97] [0.98] [0.50] [1.61] [1.89] [0.62] [1.76] [2.03] [0.90] [−0.66] [2.74] [0.92] [2.90] [0.92] [2.66] [0.19] [0.98]
t-statm [0.96] [1.01] [0.46] [1.21] [1.45] [0.62] [1.44] [1.99] [0.89] [−0.63] [2.74] [0.92] [2.9] [0.92] [2.51] [0.17] [0.84]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.05 0.49 −0.39 0.84 0.58 0.80 0.02 −0.01 0.59 0.03 0.23 0.99 0.29 1.69 0.04 1.59 0.05
t-statc [−0.25] [2.06] [−1.88] [2.86] [1.75] [1.86] [0.07] [−0.06] [2.27] [0.10] [1.53] [1.82] [1.96] [1.81] [0.24] [1.70] [0.03]
t-statm [−0.26] [2.09] [−1.65] [3.10] [1.49] [1.23] [0.06] [−0.04] [2.28] [0.09] [1.53] [1.84] [1.97] [1.83] [0.13] [1.54] [0.02]

x
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Table A.6 (Cont’d): Price of beta risk – WRDS.

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.14 0.28 0.15 0.27 0.40 0.29 0.13 0.15 0.37 −0.04 0.17 0.49 0.17 0.42 0.16 0.72 −0.11
t-statc [3.02] [1.83] [2.87] [1.76] [1.58] [1.13] [1.03] [3.03] [1.87] [−0.12] [3.55] [1.17] [3.76] [0.59] [2.88] [1.55] [−0.14]
t-statm [3.11] [1.81] [2.66] [1.74] [1.48] [1.10] [0.97] [3.24] [1.69] [−0.11] [3.72] [1.15] [3.88] [0.58] [3.01] [1.38] [−0.12]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.33 0.09 0.33 0.09 0.09 0.04 −0.00 0.35 0.15 −0.09 0.35 −0.07 0.35 −0.21 0.35 −0.03 −0.27
t-statc [4.98] [0.57] [4.50] [0.58] [0.37] [0.16] [−0.01] [5.13] [0.77] [−0.30] [5.67] [−0.18] [5.72] [−0.31] [5.64] [−0.08] [−0.37]
t-statm [4.84] [0.56] [4.17] [0.56] [0.37] [0.16] [−0.01] [4.90] [0.77] [−0.27] [5.61] [−0.18] [5.64] [−0.30] [5.58] [−0.08] [−0.35]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.31 0.11 0.30 0.12 0.28 0.20 0.22 0.34 0.36 −0.49 0.33 −0.02 0.32 0.52 0.33 −0.17 0.92
t-statc [4.78] [0.70] [4.16] [0.74] [1.15] [0.80] [1.99] [5.17] [1.90] [−1.49] [5.56] [−0.06] [5.48] [0.77] [5.70] [−0.43] [1.32]
t-statm [4.13] [0.64] [3.44] [0.66] [1.07] [0.80] [1.70] [4.56] [1.77] [−1.47] [5.09] [−0.06] [5.05] [0.70] [5.12] [−0.42] [1.13]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.19 0.62 −0.21 0.63 0.67 0.49 0.25 −0.18 0.64 0.26 −0.18 1.14 −0.15 1.93 −0.16 0.96 1.92
t-statc [−4.30] [4.18] [−4.62] [4.34] [2.71] [1.93] [2.13] [−4.22] [3.08] [0.88] [−3.72] [2.72] [−3.31] [2.92] [−2.89] [2.06] [2.78]
t-statm [−3.84] [4.24] [−4.28] [4.34] [2.60] [1.83] [1.74] [−3.45] [2.89] [0.85] [−3.43] [2.72] [−3.11] [2.80] [−2.43] [1.88] [2.51]

x
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Table A.7: Price of covariance risk – WRDS. The table presents the estimation results of six beta-pricing models using the WRDS Bond Returns
module. The models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM),
the four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor
model with default risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using monthly excess returns
on the 25 size × maturity sorted portfolios (Panels A and E for OLS and GLS, respectively), the 30 Fama-French (FF) industry sorted portfolios
(Panels B and F for OLS and GLS, respectively), the 25 size × rating sorted portfolios (Panels C and G for OLS and GLS, respectively), and the 25
credit spread sorted portfolios (Panels D and H for OLS and GLS, respectively). The sample period is 2004:08 to 2016:12 (149 months). We report
parameter estimates λ̂ (with λ̂0 multiplied by 100), the t-ratios under correctly specified models that account for the EIV problem (t-statc), and the
model misspecification-robust t-statistics (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.13 10.33 0.08 13.75 −9.08 1.35 19.02 0.19 9.88 3.23 0.22 5.93 0.36 1.77 0.12 21.81 −10.20
t-statc [1.00] [1.64] [0.91] [0.73] [−0.48] [0.30] [0.82] [2.20] [1.85] [1.15] [1.96] [1.41] [2.27] [0.85] [0.96] [1.34] [−1.14]
t-statm [0.99] [1.67] [0.93] [0.65] [−0.45] [0.27] [0.85] [1.88] [1.39] [1.14] [1.51] [1.78] [1.72] [0.68] [1.17] [1.39] [−1.12]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.36 1.92 −0.02 49.42 −34.76 −1.15 21.21 0.30 2.19 5.61 0.44 −0.61 0.44 −0.51 0.38 6.75 −4.40
t-statc [2.28] [0.26] [−0.12] [1.46] [−1.15] [−0.16] [0.58] [1.91] [0.35] [1.24] [3.65] [−0.22] [3.67] [−0.31] [2.90] [0.67] [−0.71]
t-statm [1.63] [0.21] [−0.09] [1.12] [−0.97] [−0.13] [0.35] [1.20] [0.23] [0.92] [3.21] [−0.19] [3.38] [−0.24] [1.29] [0.24] [−0.25]

Panel C: 25 size × rating portfolios (OLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.20 8.10 0.09 9.23 −7.46 −0.95 26.67 0.38 4.09 −1.70 0.36 2.49 0.38 1.58 0.45 −9.54 7.48
t-statc [0.97] [0.98] [0.50] [0.47] [−0.38] [−0.28] [1.00] [2.03] [0.59] [−0.33] [2.74] [0.88] [2.90] [0.91] [2.66] [−0.50] [0.64]
t-statm [0.96] [0.98] [0.46] [0.39] [−0.35] [−0.25] [0.97] [1.99] [0.57] [−0.31] [2.74] [0.88] [2.90] [0.90] [2.51] [−0.41] [0.53]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.05 15.39 −0.39 55.35 −12.81 7.44 −37.56 −0.01 15.99 4.99 0.23 5.70 0.29 3.44 0.04 27.35 −13.20
t-statc [−0.25] [2.00] [−1.88] [1.85] [−0.55] [1.00] [−0.83] [−0.06] [2.20] [1.33] [1.53] [1.78] [1.96] [1.81] [0.24] [1.26] [−1.05]
t-statm [−0.25] [2.01] [−1.65] [0.96] [−0.32] [0.60] [−0.89] [−0.04] [2.00] [0.98] [1.53] [1.81] [1.97] [1.84] [0.13] [0.83] [−0.64]

x
x
iii



Table A.7 (Cont’d): Price of covariance risk – WRDS.

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.14 8.78 0.15 5.97 1.93 1.57 −1.72 0.15 9.65 2.51 0.16 2.83 0.17 0.85 0.16 13.56 −6.82
t-statc [3.02] [1.74] [2.87] [0.50] [0.17] [0.39] [−0.10] [3.03] [1.94] [0.86] [3.55] [1.08] [3.76] [0.58] [2.88] [1.62] [−1.34]
t-statm [3.11] [1.68] [2.66] [0.45] [0.15] [0.36] [−0.09] [3.24] [1.78] [0.86] [3.72] [1.06] [3.88] [0.57] [3.01] [1.17] [−0.97]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.33 2.86 0.33 4.73 0.71 0.08 −6.32 0.35 3.23 0.08 0.35 −0.41 0.35 −0.43 0.35 1.65 −1.34
t-statc [4.98] [0.57] [4.50] [0.41] [0.07] [0.03] [−0.40] [5.13] [0.68] [0.02] [5.67] [−0.18] [5.72] [−0.31] [5.64] [0.28] [−0.36]
t-statm [4.84] [0.56] [4.17] [0.35] [0.06] [0.02] [−0.37] [4.90] [0.67] [0.02] [5.61] [−0.18] [5.64] [−0.30] [5.58] [0.23] [−0.31]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.31 3.47 0.30 −3.21 −3.65 0.77 25.95 0.34 5.73 −2.78 0.33 −0.13 0.32 1.06 0.33 −10.66 7.06
t-statc [4.78] [0.70] [4.16] [−0.27] [−0.38] [0.22] [1.72] [5.17] [1.17] [−0.78] [5.56] [−0.06] [5.48] [0.75] [5.70] [−2.12] [2.28]
t-statm [4.13] [0.64] [3.44] [−0.23] [−0.33] [0.21] [1.55] [4.56] [1.05] [−0.75] [5.09] [−0.06] [5.05] [0.69] [5.12] [−1.67] [1.72]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.19 19.45 −0.20 28.79 −9.87 2.57 5.75 −0.18 19.15 7.99 −0.18 6.56 −0.15 3.94 −0.16 0.48 3.69
t-statc [−4.30] [2.88] [−4.62] [1.46] [−0.63] [0.44] [0.36] [−4.22] [2.73] [2.45] [−3.72] [2.34] [−3.31] [2.57] [−2.89] [0.06] [0.79]
t-statm [−3.84] [2.84] [−4.28] [1.37] [−0.60] [0.40] [0.31] [−3.45] [2.62] [2.36] [−3.43] [2.37] [−3.11] [2.49] [−2.43] [0.05] [0.64]
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Table A.8: Bai et al. (2019) four-factor comparison – ICE. Panels A and B report factor means, standard
deviations (SD), and percentiles for the original and ICE Bond Database replicated factors, respectively. Panel C.1
reports the pairwise correlations between the original factors (which contain lead-lag errors) and the replicated
factors, and Panel C.2 reports the pairwise correlations between the corrected original factors and the replicated
factors. Panel D reports the time-series correlations for the original factors in D.1 and the replicated factors in D.2.
Panels A–D are based on the sample period 2004:08 to 2016:12 (149 months).

Panel A: Original factors

Mean SD Median Min 5th 25th 75th 95th Max

MKTB 0.333 1.381 0.410 −6.365 −1.298 −0.467 0.987 2.299 7.568
DRF 0.694 2.381 0.595 −7.430 −2.451 −0.553 1.722 4.462 12.780
CRF 0.431 1.876 0.327 −8.839 −2.354 −0.429 1.357 3.089 8.194
LRF 0.491 1.418 0.321 −2.629 −0.936 −0.243 0.938 2.230 11.660

Panel B: Replicated factors

Mean SD Median Min 5th 25th 75th 95th Max

MKTB 0.422 1.796 0.483 −8.603 −1.820 −0.417 1.202 2.648 7.520
DRF 0.431 2.866 0.376 −12.324 −3.375 −0.808 1.551 4.471 15.290
CRF 0.170 3.241 0.377 −20.550 −3.837 −1.019 1.554 4.362 13.950
LRF 0.179 1.243 0.118 −4.320 −1.277 −0.357 0.513 1.900 8.040

Panel C: Pairwise correlations across factors

C.1: Original-replicated C.2: Original (corrected)-replicated

MKTB DRF CRF LRF MKTB DRF CRF LRF

MKTB 0.937 0.937
DRF 0.347 0.947
CRF 0.357 0.904
LRF 0.753 0.814

Panel D: Pairwise correlations across factors

D.1: Original D.2: Replicated

MKTB DRF CRF LRF MKTB DRF CRF LRF

MKTB 1 0.284 0.455 0.470 1 0.826 0.335 0.668
DRF 1 0.424 0.319 1 0.345 0.764
CRF 1 0.352 1 0.301
LRF 1 1
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Table A.9: Summary statistics – ICE. Panel A reports factor means (“Mean”), the single-factor bond market
alphas (“Alpha”), the bias-adjusted factor squared Sharpe ratios (Sh2), and the standard deviations (SD) computed
using the ICE Corporate Bond database for the bond market factor (MKTB), the downside risk factor (DRF ), the
credit risk factor (CRF ), the liquidity risk factor (LRF ), the default risk factor (DEF ), the term structure factor
(TERM ), the stock market factor (MKTS), and the traded version of the HKM intermediary capital risk factor
(CPTLT ). Panel B reports the model squared Sharpe ratios for the BBW four-factor model, the DEFTERM two-
factor model, and the HKM two-factor model. Panel C reports the factor correlations. Panels A–C are based on the
sample period 2004:08 to 2016:12 (149 months). p-values are in square brackets.

Panel A: Factor summary statistics and squared Sharpe ratios

MKTB DRF CRF LRF DEF TERM MKTS CPTLT

Mean 0.422 0.431 0.170 0.179 0.020 0.478 0.675 0.502
[0.004] [0.067] [0.521] [0.079] [0.911] [0.077] [0.048] [0.381]

Alpha - −0.126 −0.085 −0.016 −0.276 0.275 0.206 −0.085
- [0.497] [0.760] [0.783] [0.087] [0.287] [0.517] [0.876]

Sh2 0.047 0.015 −0.004 0.014 −0.007 0.014 0.019 −0.002
[0.008] [0.130] [1.000] [0.155] [1.000] [0.150] [0.092] [1.000]

SD 1.802 2.876 3.252 1.247 2.172 3.308 4.176 7.024

Panel B: Model squared Sharpe ratios

BBW DEFTERM HKM

Sh2 0.033 0.014 0.023
[0.295] [0.361] [0.180]

Panel C: Factor correlations

MKTB DRF CRF LRF DEF TERM MKTS CPTLT

MKTB 1 0.826 0.335 0.668 0.582 0.262 0.479 0.357
DRF 1 0.345 0.764 0.679 0.067 0.449 0.367
CRF 1 0.301 0.446 −0.575 0.702 0.685
LRF 1 0.340 0.137 0.262 0.272
DEF 1 −0.446 0.536 0.507
TERM 1 −0.296 −0.380
MKTS 1 0.818
CPTLT 1
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Table A.10: Tests of equality of squared Sharpe ratios – ICE. Panel A reports the differences in bias-
adjusted sample squared Sharpe ratios between the six asset pricing models using the ICE Corporate Bond database.
The differences are computed between the squared Sharpe ratios in row i and column j. The models include the
CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM),
the four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model
of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French (1993,
DEFTERM). Panel B reports the associated p-values. Panel C reports a conditional heteroskedastic version of the
GRS test with p-values in square brackets. In the computation of the GRS test, we employ the monthly excess returns
on the 25 size × maturity, 30 Fama-French (FF) industry, 25 size × rating, and 25 credit spread sorted portfolios.
Panels A–C are based on the sample period 2004:08 to 2016:12 (149 months). N and T represent the number of
assets and time series observations, respectively.

Panel A: Differences in sample squared Sharpe ratios

CAPM HKMSF HKM DEFTERM BBW

CAPMB 0.028 0.049 0.024 0.034 0.014
CAPM 0.021 −0.004 0.005 −0.014
HKMSF −0.025 −0.015 −0.035
HKM 0.009 −0.010
DEFTERM −0.019

Panel B: p-values

CAPM HKMSF HKM DEFTERM BBW
CAPMB 0.431 0.216 0.502 0.323 0.874
CAPM 0.067 0.198 0.885 0.062
HKMSF 0.032 0.120 0.116
HKM 0.809 0.081
DEFTERM 0.064

Panel C: GRS test

25 size × maturity 30 FF industry 25 size × rating 25 credit spread

CAPMB 1.472 2.155 1.678 1.406
[0.087] [0.002] [0.034] [0.114]

CAPM 1.781 2.202 1.690 1.770
[0.021] [0.001] [0.032] [0.022]

HKMSF 1.553 2.082 1.588 1.677
[0.061] [0.003] [0.052] [0.034]

HKM 1.877 2.131 1.708 1.727
[0.013] [0.002] [0.030] [0.027]

DEFTERM 1.640 2.048 2.314 2.138
[0.041] [0.004] [0.001] [0.003]

BBW 1.323 1.963 1.608 2.508
[0.160] [0.006] [0.048] [0.000]

N 25 30 25 25
T 149 149 149 149
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Table A.11: Sample cross-sectional R2s and specification tests of the models – ICE The table presents the sample OLS and GLS
cross-sectional R2 (ρ̂2) and the generalized CSRT (Q̂c) of six beta-pricing models using the ICE Corporate Bond database. The
models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor
(CAPM), the four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of
HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French (1993, DEFTERM).
The models are estimated using monthly excess returns on the 25 size × maturity and the 30 Fama-French (FF) industry sorted
portfolios (Panels A and C for OLS and GLS, respectively), and the 25 size × rating and 25 credit spread sorted portfolios
(Panels B and D for OLS and GLS, respectively). The sample period is 2004:08 to 2016:12 (149 months). p(ρ2 =1) is the p-value
for the test of H0 : ρ2 = 1. p(ρ2 = 0) is the p-value for the test of H0 : ρ2 = 0. se(ρ̂2) is the standard error of ρ̂2 under the
assumption that 0 < ρ2 < 1. p(Qc = 0) is the p-value for the approximate F -test of H0 : Qc = 0. No. of param. is the number
of parameters in the model.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.897 0.946 0.846 0.758 0.607 0.855 0.402 0.472 0.225 0.415 0.345 0.448
p(ρ2 =1) 0.902 0.705 0.485 0.828 0.663 0.894 0.952 0.784 0.838 0.959 0.935 0.944
p(ρ2 =0) 0.179 0.267 0.268 0.188 0.217 0.210 0.336 0.850 0.683 0.359 0.408 0.555
se(ρ̂2) 0.216 0.072 0.235 0.282 0.381 0.130 0.546 0.561 0.587 0.599 0.603 0.533

Q̂c 0.225 0.231 0.234 0.227 0.236 0.208 0.207 0.192 0.211 0.209 0.212 0.209
p(Qc=0) 0.239 0.115 0.167 0.229 0.193 0.275 0.634 0.573 0.557 0.617 0.599 0.569
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.721 0.900 0.835 0.723 0.762 0.772 0.776 0.965 0.894 0.862 0.832 0.911
p(ρ2 =1) 0.285 0.261 0.354 0.474 0.524 0.460 0.014 0.274 0.026 0.084 0.066 0.361
p(ρ2 =0) 0.091 0.112 0.110 0.045 0.034 0.106 0.005 0.004 0.004 0.005 0.004 0.007
se(ρ̂2) 0.343 0.111 0.184 0.218 0.233 0.285 0.133 0.033 0.068 0.122 0.131 0.141

Q̂c 0.250 0.244 0.22 0.239 0.211 0.189 0.569 0.398 0.699 0.796 0.715 0.761
p(Qc=0) 0.144 0.085 0.222 0.180 0.306 0.385 0.000 0.001 0.000 0.000 0.000 0.000
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3

x
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Table A.11 (Cont’d): Sample cross-sectional R2s and specification tests of the models – ICE.

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.085 0.137 0.045 0.056 0.042 0.057 0.032 0.061 0.027 0.012 0.011 0.012
p(ρ2 =1) 0.083 0.047 0.036 0.095 0.072 0.076 0.220 0.140 0.192 0.229 0.220 0.192
p(ρ2 =0) 0.076 0.328 0.446 0.150 0.219 0.405 0.324 0.774 0.644 0.552 0.564 0.845
se(ρ̂2) 0.083 0.099 0.059 0.070 0.058 0.073 0.056 0.068 0.048 0.035 0.031 0.034

Q̂c 0.225 0.234 0.236 0.232 0.240 0.229 0.209 0.202 0.217 0.217 0.219 0.217
p(Qc=0) 0.240 0.107 0.159 0.208 0.176 0.185 0.619 0.513 0.521 0.57 0.561 0.522
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

ρ̂2 0.055 0.117 0.062 0.037 0.091 0.124 0.104 0.108 0.071 0.017 0.022 0.023
p(ρ2 =1) 0.038 0.029 0.032 0.043 0.106 0.110 0.000 0.000 0.000 0.000 0.000 0.000
p(ρ2 =0) 0.135 0.360 0.281 0.226 0.059 0.102 0.002 0.215 0.062 0.268 0.193 0.505
se(ρ̂2) 0.067 0.096 0.072 0.055 0.082 0.093 0.070 0.069 0.062 0.030 0.032 0.032

Q̂c 0.249 0.261 0.236 0.252 0.221 0.201 0.617 0.577 0.730 0.720 0.709 0.702
p(Qc=0) 0.149 0.054 0.158 0.139 0.257 0.312 0.000 0.000 0.000 0.000 0.000 0.000
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3

x
x
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Table A.12: Tests of equality of cross-sectional R2s – ICE. The table presents pairwise tests of equality of the OLS and GLS
cross-sectional R2s using the ICE Corporate Bond database of six beta-pricing models. The models include the CAPM with
the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the four-factor model of
Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor
model with default risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using
monthly excess returns on the 25 size × maturity and the 30 Fama-French (FF) industry sorted portfolios (Panels A and C for
OLS and GLS, respectively), and the 25 size × rating and 25 credit spread sorted portfolios (Panels B and D for OLS and GLS,
respectively). The sample period is 2004:08 to 2016:12 (149 months). We report the difference between the sample cross-sectional
R2s of the models in row i and column j, ρ2i − ρ2j , and the associated p-value (in square brackets) for the test of H0 : ρ2i = ρ2j .
The p-values are computed under the assumption that the models are potentially misspecified.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.104 0.213 0.743 0.822 0.227 −0.384 −0.167 −0.020 0.017 −0.130
[0.841] [0.323] [0.101] [0.017] [0.442] [0.544] [0.312] [0.858] [0.886] [0.759]

BBW 0.317 0.847 0.926 0.331 0.217 0.365 0.401 0.255
[0.457] [0.023] [0.000] [0.578] [0.596] [0.380] [0.329] [0.609]

DEFTERM 0.530 0.609 0.013 0.147 0.184 0.037
[0.400] [0.179] [0.972] [0.450] [0.344] [0.940]

CAPM 0.079 −0.517 0.037 −0.110
[0.808] [0.314] [0.622] [0.530]

HKMSF −0.595 −0.146
[0.256] [0.459]

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.116 −0.097 −0.056 −0.036 −0.067 −0.035 −0.006 0.006 −0.010 −0.015
[0.849] [0.685] [0.813] [0.907] [0.633] [0.826] [0.845] [0.946] [0.926] [0.905]

BBW 0.020 0.060 0.080 0.050 0.029 0.041 0.025 0.020
[0.870] [0.712] [0.716] [0.688] [0.688] [0.610] [0.746] [0.812]

DEFTERM 0.041 0.061 0.030 0.012 −0.004 −0.009
[0.608] [0.619] [0.796] [0.862] [0.969] [0.942]

CAPM 0.020 −0.011 −0.016 −0.021
[0.800] [0.841] [0.644] [0.462]

HKMSF −0.031 −0.005
[0.734] [0.747]

x
x
x



Table A.12 (Cont’d): Tests of equality of cross-sectional R2s. – ICE

Panel C: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.003 0.056 0.104 0.081 0.046 −0.002 −0.005 0.001 0.004 −0.001
[0.992] [0.376] [0.251] [0.428] [0.77]0 [0.994] [0.88] [0.971] [0.886] [0.975]

BBW 0.059 0.107 0.084 0.049 −0.003 0.004 0.006 0.001
[0.432] [0.266] [0.427] [0.759] [0.915] [0.931] [0.848] [0.985]

DEFTERM 0.048 0.025 −0.010 0.006 0.009 0.004
[0.452] [0.761] [0.937] [0.877] [0.797] [0.931]

CAPM −0.023 −0.058 0.003 −0.003
[0.463] [0.237] [0.770] [0.779]

HKMSF −0.035 −0.006
[0.352] [0.677]

Panel D: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.016 0.048 0.057 0.056 0.056 −0.028 0.025 0.187 0.199 0.183
[0.928] [0.399] [0.371] [0.416] [0.403] [0.815] [0.730] [0.102] [0.114] [0.094]

BBW 0.064 0.073 0.072 0.072 0.053 0.215 0.227 0.211
[0.440] [0.360] [0.384] [0.377] [0.269] [0.052] [0.064] [0.042]

DEFTERM 0.009 0.008 0.008 0.162 0.174 0.158
[0.807] [0.836] [0.837] [0.121] [0.121] [0.118]

CAPM −0.001 −0.001 0.012 −0.004
[0.960] [0.855] [0.617] [0.744]

HKMSF 0 −0.016
[0.923] [0.517]

x
x
x
i



Table A.13: Price of beta risk – ICE. The table presents the estimation results of six beta-pricing models using the ICE Corporate Bond dataset.
The models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the four-
factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model
with default risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using monthly excess returns on the 25
size × maturity sorted portfolios (Panels A and E for OLS and GLS, respectively), the 30 Fama-French (FF) industry sorted portfolios (Panels B and F
for OLS and GLS, respectively), the 25 size × rating sorted portfolios (Panels C and G for OLS and GLS, respectively), and the 25 credit spread sorted
portfolios (Panels D and H for OLS and GLS, respectively). The sample period is 2004:08 to 2016:12 (149 months). We report parameter estimates
γ̂ (multiplied by 100), the t-ratios under correctly specified models that account for the EIV problem (t-statc), and the model misspecification-robust
t-ratios (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.13 0.31 0.07 0.35 0.46 0.25 0.25 0.28 0.13 0.19 0.34 0.44 0.43 −0.02 0.21 0.94 −0.28
t-statc [0.93] [1.61] [0.77] [2.14] [1.80] [0.89] [1.75] [2.24] [0.58] [0.60] [2.25] [0.90] [2.46] [−0.02] [1.87] [1.44] [−0.23]
t-statm [0.90] [1.64] [0.78] [2.14] [1.79] [0.89] [1.78] [2.20] [0.51] [0.58] [1.47] [0.56] [2.05] [−0.02] [1.11] [1.15] [−0.22]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.59 −0.19 0.21 0.15 −0.10 −0.20 0.17 0.56 −0.36 0.22 0.49 −0.37 0.46 −0.53 0.57 −0.63 0.41
t-statc [2.70] [−0.67] [1.35] [0.73] [−0.26] [−0.61] [1.29] [2.76] [−0.99] [0.53] [4.16] [−0.75] [3.94] [−0.63] [3.95] [−0.95] [0.45]
t-statm [2.54] [−0.65] [0.74] [0.42] [−0.22] [−0.58] [0.62] [2.25] [−1.05] [0.38] [3.96] [−0.74] [3.81] [−0.55] [3.58] [−1.08] [0.24]

Panel C: 25 size × rating portfolios (OLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.21 0.23 0.40 0.03 −0.02 0.24 −0.07 0.41 0.19 −0.29 0.36 0.36 0.37 0.61 0.34 0.44 0.32
t-statc [0.86] [0.83] [3.60] [0.16] [−0.07] [0.90] [−0.42] [2.07] [0.67] [−0.63] [2.54] [0.79] [2.75] [0.77] [1.84] [0.78] [0.30]
t-statm [0.86] [0.83] [3.46] [0.15] [−0.07] [0.91] [−0.36] [1.89] [0.64] [−0.61] [2.55] [0.79] [2.75] [0.77] [1.81] [0.72] [0.29]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.01 0.42 0.10 0.33 0.21 0.67 0.14 0.13 0.47 −0.11 0.26 0.81 0.3 1.45 0.33 0.60 1.76
t-statc [0.03] [1.66] [0.51] [1.31] [0.56] [2.36] [0.83] [1.19] [1.68] [−0.31] [1.63] [1.50] [1.95] [1.53] [1.88] [0.87] [2.29]
t-statm [0.03] [1.63] [0.33] [1.01] [0.50] [2.40] [0.45] [0.79] [1.58] [−0.27] [1.63] [1.49] [1.95] [1.52] [1.73] [0.86] [1.84]

x
x
x
ii



Table A.13 (Cont’d): Price of beta risk – ICE.

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.10 0.32 0.10 0.32 0.37 0.20 0.12 0.12 0.18 0.17 0.13 0.30 0.13 0.86 0.13 0.14 1.24
t-statc [2.40] [2.11] [2.35] [2.08] [1.47] [0.75] [1.02] [2.88] [0.92] [0.60] [3.03] [0.71] [3.00] [1.17] [3.14] [0.33] [1.53]
t-statm [2.41] [2.02] [2.20] [1.97] [1.46] [0.74] [0.98] [2.95] [0.86] [0.59] [3.18] [0.70] [3.19] [1.12] [3.29] [0.31] [1.38]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.35 0.08 0.35 0.08 0.12 0.12 0.04 0.37 0.10 −0.18 0.37 −0.17 0.37 −0.18 0.37 −0.19 −0.08
t-statc [5.27] [0.50] [5.03] [0.46] [0.48] [0.44] [0.31] [5.65] [0.54] [−0.60] [5.99] [−0.44] [5.97] [−0.26] [6.02] [−0.49] [−0.11]
t-statm [4.78] [0.47] [4.45] [0.43] [0.47] [0.43] [0.30] [5.31] [0.52] [−0.57] [5.69] [−0.42] [5.70] [−0.24] [5.74] [−0.47] [−0.10]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.15 0.27 0.15 0.27 0.32 0.24 0.17 0.19 0.17 −0.08 0.19 0.28 0.20 0.50 0.20 0.27 0.48
t-statc [2.26] [1.72] [1.92] [1.63] [1.31] [0.89] [1.45] [2.90] [0.93] [−0.28] [3.14] [0.71] [3.23] [0.74] [3.11] [0.66] [0.69]
t-statm [2.19] [1.63] [1.80] [1.53] [1.31] [0.88] [1.43] [2.83] [0.90] [−0.27] [3.12] [0.70] [3.19] [0.70] [3.14] [0.66] [0.63]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.06 0.48 −0.05 0.48 0.66 0.19 0.13 −0.04 0.48 0.12 −0.04 0.47 −0.04 0.60 −0.03 0.50 0.44
t-statc [−1.71] [3.19] [−1.54] [3.17] [2.71] [0.70] [1.01] [−1.23] [2.43] [0.40] [−1.15] [1.14] [−1.19] [0.86] [−0.96] [1.16] [0.60]
t-statm [−1.53] [3.17] [−1.37] [3.15] [2.64] [0.70] [0.84] [−1.11] [2.28] [0.39] [−1.05] [1.04] [−1.07] [0.77] [−0.85] [1.06] [0.51]

x
x
x
iii



Table A.14: Price of covariance risk – ICE. The table presents the estimation results of six beta-pricing models using the WRDS Bond Returns
module. The models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM),
the four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor
model with default risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using monthly excess returns
on the 25 size × maturity sorted portfolios (Panels A and E for OLS and GLS, respectively), the 30 Fama-French (FF) industry sorted portfolios
(Panels B and F for OLS and GLS, respectively), the 25 size × rating sorted portfolios (Panels C and G for OLS and GLS, respectively), and the 25
credit spread sorted portfolios (Panels D and H for OLS and GLS, respectively). The sample period is 2004:08 to 2016:12 (149 months). We report
parameter estimates λ̂ (with λ̂0 multiplied by 100), the t-ratios under correctly specified models that account for the EIV problem (t-statc), and the
model misspecification-robust t-ratios (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.13 9.74 0.07 10.04 −4.13 0.19 13.62 0.28 4.99 3.19 0.34 2.56 0.43 −0.05 0.21 18.74 −9.68
t-statc [0.93] [1.50] [0.77] [0.61] [−0.31] [0.06] [0.81] [2.24] [0.97] [1.14] [2.25] [0.88] [2.46] [−0.02] [1.87] [1.21] [−1.04]
t-statm [0.90] [1.51] [0.78] [0.58] [−0.30] [0.06] [0.83] [2.20] [0.85] [1.15] [1.47] [0.58] [2.05] [−0.02] [1.11] [1.12] [−1.00]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.59 −5.98 0.21 18.32 −19.49 −2.82 29.83 0.56 −7.83 −0.25 0.49 −2.13 0.46 −1.07 0.57 −14.44 7.86
t-statc [2.70] [−0.67] [1.35] [0.79] [−1.09] [−0.62] [1.68] [2.76] [−0.84] [−0.05] [4.16] [−0.77] [3.94] [−0.63] [3.95] [−1.04] [1.00]
t-statm [2.54] [−0.64] [0.74] [0.58] [−0.98] [−0.53] [0.81] [2.25] [−0.80] [−0.04] [3.96] [−0.75] [3.81] [−0.53] [3.58] [−0.74] [0.63]

Panel C: 25 size × rating portfolios (OLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.21 7.29 0.40 4.25 −0.11 2.75 −10.43 0.41 2.71 −1.87 0.36 2.07 0.37 1.24 0.34 5.03 −1.79
t-statc [0.86] [0.81] [3.60] [0.25] [−0.01] [0.77] [−0.65] [2.07] [0.39] [−0.38] [2.54] [0.76] [2.75] [0.76] [1.84] [0.38] [−0.22]
t-statm [0.86] [0.81] [3.46] [0.25] [−0.01] [0.74] [−0.55] [1.89] [0.35] [−0.34] [2.55] [0.76] [2.75] [0.76] [1.81] [0.34] [−0.20]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.01 13.11 0.10 19.32 −12.20 5.58 7.71 0.13 11.60 2.40 0.26 4.68 0.30 2.97 0.33 −4.46 5.76
t-statc [0.03] [1.60] [0.51] [0.75] [−0.70] [1.11] [0.33] [1.19] [1.47] [0.56] [1.63] [1.48] [1.95] [1.53] [1.88] [−0.36] [0.85]
t-statm [0.03] [1.57] [0.33] [0.59] [−0.65] [1.06] [0.16] [0.79] [1.25] [0.44] [1.63] [1.47] [1.95] [1.53] [1.73] [−0.32] [0.73]

x
x
x
iv



Table A.14 (Cont’d): Price of covariance risk – ICE.

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.10 9.91 0.10 12.60 −1.47 0.26 −1.94 0.12 6.03 3.35 0.13 1.72 0.13 1.76 0.13 −8.07 6.45
t-statc [2.40] [1.79] [2.35] [0.91] [−0.14] [0.08] [−0.17] [2.88] [1.29] [1.21] [3.03] [0.68] [3.00] [1.13] [3.14] [−1.18] [1.48]
t-statm [2.41] [1.69] [2.20] [0.82] [−0.13] [0.08] [−0.16] [2.95] [1.23] [1.19] [3.18] [0.66] [3.19] [1.08] [3.29] [−0.93] [1.19]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.35 2.50 0.35 1.23 0.84 0.76 −0.99 0.37 1.31 −1.31 0.37 −0.99 0.37 −0.37 0.37 −2.67 1.13
t-statc [5.27] [0.49] [5.03] [0.12] [0.11] [0.25] [−0.08] [5.65] [0.28] [−0.40] [5.99] [−0.45] [5.97] [−0.26] [6.02] [−0.50] [0.34]
t-statm [4.78] [0.46] [4.45] [0.10] [0.10] [0.25] [−0.08] [5.31] [0.27] [−0.38] [5.69] [−0.43] [5.70] [−0.24] [5.74] [−0.42] [0.28]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.15 8.27 0.15 9.14 −3.76 0.79 8.01 0.19 3.97 0.41 0.19 1.61 0.20 1.01 0.20 0.59 0.69
t-statc [2.26] [1.55] [1.92] [0.57] [−0.35] [0.24] [0.71] [2.90] [0.86] [0.14] [3.14] [0.68] [3.23] [0.73] [3.11] [0.10] [0.21]
t-statm [2.19] [1.46] [1.80] [0.53] [−0.34] [0.24] [0.70] [2.83] [0.84] [0.13] [3.12] [0.67] [3.19] [0.69] [3.14] [0.10] [0.18]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.06 15.01 −0.05 15.18 5.71 −0.95 −15.48 −0.04 13.70 5.07 −0.04 2.72 −0.04 1.23 −0.03 4.99 −1.52
t-statc [−1.71] [2.29] [−1.54] [1.22] [0.66] [−0.30] [−1.07] [−1.23] [2.38] [1.73] [−1.15] [1.06] [−1.19] [0.85] [−0.96] [0.78] [−0.40]
t-statm [−1.53] [2.27] [−1.37] [1.19] [0.62] [−0.29] [−0.87] [−1.11] [2.27] [1.72] [−1.05] [0.98] [−1.07] [0.76] [−0.85] [0.65] [−0.33]

x
x
x
v



Table A.15: Summary statistics – Extended TRACE. Panel A reports factor means (“Mean”), the single-
factor bond market alphas (“Alpha”), the bias-adjusted factor squared Sharpe ratios (Sh2), and the standard de-
viations (SD) for the bond market factor (MKTB), the downside risk factor (DRF ), the credit risk factor (CRF ),
the default risk factor (DEF ), the term structure factor (TERM ), the stock market factor (MKTS), and the traded
version of the HKM intermediary capital risk factor (CPTLT ). Panel B reports the model squared Sharpe ratios for
the BBW three-factor model, the DEFTERM two-factor model, and the HKM two-factor model. Panel C reports
the factor correlations. Panels A–C are based on the sample period 1986:01 to 2021:12 (432 months). p-values are in
square brackets.

Panel A: Factor summary statistics and squared Sharpe ratios

MKTB DRF CRF DEF TERM MKTS CPTLT

Mean 0.415 0.480 0.278 0.011 0.438 0.760 0.790
[0.000] [0.000] [0.017] [0.887] [0.002] [0.000] [0.014]

Alpha - −0.068 0.152 −0.136 0.097 0.266 0.163
- [0.455] [0.253] [0.116] [0.504] [0.184] [0.604]

Sh2 0.061 0.032 0.011 −0.002 0.020 0.026 0.012
[0.000] [0.000] [0.030] [1.000] [0.004] [0.001] [0.026]

SD 1.646 2.586 2.418 1.668 2.959 4.479 6.707

Panel B: Model squared Sharpe ratios

BBW DEFTERM HKM

Sh2 0.064 0.027 0.025
[0.000] [0.003] [0.004]

Panel C: Factor correlations

MKTB DRF CRF DEF TERM MKTS CPTLT

MKTB 1 0.841 0.207 0.351 0.457 0.437 0.371
DRF 1 0.300 0.505 0.170 0.432 0.385
CRF 1 0.476 −0.549 0.467 0.478
DEF 1 −0.520 0.368 0.365
TERM 1 −0.100 −0.157
MKTS 1 0.822
CPTLT 1

xxxvi



Table A.16: Tests of equality of squared Sharpe ratios – Extended TRACE. Panel A reports the
differences in bias-adjusted sample squared Sharpe ratios between the six asset pricing models using the Extended
TRACE dataset. The differences are computed between the squared Sharpe ratios in row i and column j. The models
include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor
(CAPM), the three-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor
model of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French
(1993, DEFTERM). Panel B reports the associated p-values. Panel C reports a conditional heteroskedastic version
of the GRS test with p-values in square brackets. In the computation of the GRS test, we employ the monthly excess
returns on the 25 size × maturity, 30 Fama-French (FF) industry, 25 size × rating, and 25 credit spread sorted
portfolios. We drop the coal industry classification because there are not any bonds issued by coal companies in
the sample prior to 1997. Panels A–C are based on the sample period 1986:01 to 2021:12 (432 months). N and T
represent the number of assets and time series observations, respectively.

Panel A: Differences in sample squared Sharpe ratios

CAPM HKMSF HKM DEFTERM BBW

CAPMB 0.035 0.049 0.036 0.034 −0.003
CAPM 0.015 0.001 −0.000 −0.038
HKMSF −0.014 −0.015 −0.053
HKM −0.001 −0.039
DEFTERM −0.038

Panel B: p-values

CAPM HKMSF HKM DEFTERM BBW
CAPMB 0.150 0.040 0.142 0.051 0.436
CAPM 0.140 0.428 0.986 0.168
HKMSF 0.010 0.440 0.064
HKM 0.952 0.164
DEFTERM 0.162

Panel C: GRS test

25 size × maturity 30 industry 25 size × rating 25 credit spread

CAPMB 2.593 0.802 2.454 1.693
[0.000] [0.759] [0.000] [0.021]

BBW 2.591 0.979 2.279 2.235
[0.000] [0.500] [0.001] [0.001]

CAPM 2.965 1.334 3.111 2.348
[0.000] [0.119] [0.000] [0.000]

HKMSF 3.154 1.455 3.358 2.565
[0.000] [0.063] [0.000] [0.000]

HKM 2.991 1.337 3.097 2.397
[0.000] [0.117] [0.000] [0.000]

DEFTERM 3.436 1.334 3.344 2.639
[0.000] [0.119] [0.000] [0.000]

N 25 29 25 25
T 432 432 432 432

xxxvii



Table A.17: Sample cross-sectional R2s and specification tests of the models – Extended TRACE The table presents the sample
OLS and GLS cross-sectional R2 (ρ̂2) and the generalized CSRT (Q̂c) of six beta-pricing models using the Extended TRACE
database. The models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock
market factor (CAPM), the three-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-
factor model of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French (1993,
DEFTERM). The models are estimated using monthly excess returns on the 25 size × maturity and the 30 Fama-French (FF)
industry sorted portfolios (Panels A and C for OLS and GLS, respectively), and the 25 size × rating and 25 credit spread sorted
portfolios (Panels B and D for OLS and GLS, respectively). We drop the coal industry classification because there are not any
bonds issued by coal companies in the sample prior to 1997. The sample period is 1986:01 to 2021:12 (432 months). p(ρ2 =1)
is the p-value for the test of H0 : ρ2 = 1. p(ρ2 = 0) is the p-value for the test of H0 : ρ2 = 0. se(ρ̂2) is the standard error of ρ̂2

under the assumption that 0 < ρ2 < 1. p(Qc = 0) is the p-value for the approximate F -test of H0 : Qc = 0. No. of param. is the
number of parameters in the model.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.872 0.883 0.836 0.751 0.603 0.778 0.378 0.571 0.406 0.528 0.497 0.530
p(ρ2 =1) 0.668 0.156 0.187 0.638 0.473 0.505 0.983 0.991 0.975 0.998 0.996 0.996
p(ρ2 =0) 0.009 0.053 0.054 0.007 0.016 0.027 0.167 0.370 0.409 0.134 0.161 0.304
se(ρ̂2) 0.118 0.097 0.143 0.139 0.255 0.150 0.398 0.378 0.362 0.398 0.439 0.385

Q̂c 0.071 0.069 0.067 0.068 0.072 0.066 0.038 0.035 0.041 0.035 0.034 0.035
p(Qc=0) 0.187 0.146 0.204 0.227 0.176 0.224 0.963 0.955 0.921 0.979 0.982 0.969
No. of param. 2 4 3 2 2 3 2 4 3 2 2 3

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.707 0.932 0.885 0.717 0.773 0.834 0.879 0.964 0.878 0.920 0.903 0.953
p(ρ2 =1) 0.188 0.548 0.321 0.177 0.264 0.500 0.063 0.307 0.003 0.081 0.056 0.627
p(ρ2 =0) 0.016 0.011 0.016 0.006 0.005 0.008 0.000 0.000 0.000 0.000 0.000 0.000
se(ρ̂2) 0.216 0.091 0.098 0.181 0.191 0.252 0.086 0.037 0.069 0.064 0.070 0.084

Q̂c 0.092 0.051 0.064 0.076 0.073 0.063 0.091 0.062 0.112 0.111 0.107 0.061
p(Qc=0) 0.033 0.469 0.262 0.135 0.167 0.265 0.037 0.243 0.003 0.005 0.008 0.312
No. of param. 2 4 3 2 2 3 2 4 3 2 2 3

x
x
x
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Table A.17 (Cont’d): Sample cross-sectional R2s and specification tests of the models – Extended TRACE.

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.266 0.281 0.283 0.113 0.108 0.114 0.156 0.180 0.035 0.169 0.152 0.169
p(ρ2 =1) 0.203 0.142 0.275 0.106 0.101 0.083 0.969 0.946 0.907 0.982 0.979 0.974
p(ρ2 =0) 0.001 0.014 0.006 0.044 0.047 0.163 0.113 0.393 0.735 0.085 0.113 0.282
se(ρ̂2) 0.128 0.130 0.146 0.107 0.099 0.105 0.174 0.187 0.087 0.174 0.172 0.174

Q̂c 0.071 0.067 0.065 0.077 0.080 0.078 0.037 0.035 0.041 0.035 0.034 0.035
p(Qc=0) 0.187 0.172 0.246 0.117 0.099 0.090 0.966 0.953 0.913 0.979 0.982 0.971
No. of param. 2 4 3 2 2 3 2 4 3 2 2 3

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.000 0.249 0.190 0.009 0.031 0.059 0.279 0.376 0.282 0.173 0.168 0.175
p(ρ2 =1) 0.027 0.244 0.227 0.039 0.059 0.059 0.036 0.085 0.054 0.013 0.011 0.009
p(ρ2 =0) 0.961 0.060 0.031 0.555 0.300 0.359 0.000 0.000 0.000 0.005 0.006 0.064
se(ρ̂2) 0.003 0.149 0.125 0.030 0.055 0.077 0.124 0.141 0.141 0.114 0.110 0.112

Q̂c 0.087 0.061 0.066 0.085 0.081 0.079 0.103 0.084 0.105 0.114 0.113 0.113
p(Qc=0) 0.052 0.257 0.230 0.065 0.088 0.084 0.011 0.041 0.007 0.004 0.004 0.003
No. of param. 2 4 3 2 2 3 2 4 3 2 2 3

x
x
x
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Table A.18: Tests of equality of cross-sectional R2s – Extended TRACE. The table presents pairwise tests of equality of the OLS and GLS
cross-sectional R2s of six beta-pricing models using the Extended TRACE database. The models include the CAPM with the corporate bond market
factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the three-factor model of Bai et al. (2019, BBW), the single-factor model
of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French
(1993, DEFTERM). The models are estimated using monthly excess returns on the 25 size × maturity and the 30 Fama-French (FF) industry sorted
portfolios (Panels A and C for OLS and GLS, respectively), and the 25 size × rating and 25 credit spread sorted portfolios (Panels B and D for OLS and
GLS, respectively). We drop the coal industry classification because there are not any bonds issued by coal companies in the sample prior to 1997. The
sample period is 1986:01 to 2021:12 (432 months). We report the difference between the sample cross-sectional R2s of the models in row i and column j,
ρ2i − ρ2j , and the associated p-values (in square brackets) for the test of H0 : ρ2i = ρ2j . The p-values are computed under the assumption that the models
are potentially misspecified.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.011 0.036 0.120 0.269 0.093 −0.193 −0.029 −0.151 −0.119 −0.152
[0.930] [0.365] [0.314] [0.261] [0.536] [0.652] [0.934] [0.662] [0.781] [0.635]

BBW 0.047 0.131 0.280 0.104 0.164 0.043 0.074 0.041
[0.509] [0.185] [0.225] [0.423] [0.381] [0.847] [0.784] [0.851]

DEFTERM 0.084 0.233 0.057 −0.122 −0.090 −0.124
[0.560] [0.348] [0.746] [0.624] [0.763] [0.609]

CAPM 0.149 −0.027 0.031 −0.002
[0.413] [0.676] [0.798] [0.927]

HKMSF −0.175 −0.033
[0.271] [0.687]

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.225 −0.178 −0.010 −0.065 −0.127 −0.085 0.001 −0.040 −0.023 −0.074
[0.158] [0.353] [0.972] [0.825] [0.719] [0.225] [0.988] [0.587] [0.781] [0.291]

BBW 0.047 0.215 0.159 0.098 0.086 0.044 0.061 0.011
[0.544] [0.160] [0.264] [0.592] [0.138] [0.472] [0.368] [0.887]

DEFTERM 0.168 0.112 0.051 −0.041 −0.024 −0.075
[0.195] [0.406] [0.808] [0.251] [0.600] [0.249]

CAPM −0.056 −0.117 0.017 −0.034
[0.358] [0.167] [0.416] [0.329]

HKMSF −0.062 −0.051
[0.316] [0.243]

x
l



Table A.18 (Cont’d): Tests of equality of cross-sectional R2s – Extended TRACE.

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.015 −0.017 0.153 0.158 0.151 −0.024 0.121 −0.012 0.005 −0.012
[0.785] [0.869] [0.134] [0.170] [0.150] [0.859] [0.264] [0.934] [0.979] [0.934]

BBW −0.002 0.168 0.173 0.167 0.145 0.011 0.028 0.011
[0.986] [0.081] [0.105] [0.089] [0.317] [0.923] [0.850] [0.925]

DEFTERM 0.170 0.175 0.168 −0.133 −0.116 −0.133
[0.199] [0.204] [0.206] [0.401] [0.484] [0.403]

CAPM 0.005 −0.001 0.017 −0.000
[0.910] [0.850] [0.815] [0.978]

HKMSF −0.006 −0.017
[0.692] [0.643]

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.249 −0.190 −0.009 −0.031 −0.059 −0.096 −0.002 0.106 0.111 0.105
[0.060] [0.128] [0.773] [0.589] [0.444] [0.076] [0.974] [0.335] [0.398] [0.370]

BBW 0.059 0.240 0.218 0.190 0.094 0.203 0.207 0.201
[0.542] [0.085] [0.104] [0.198] [0.267] [0.145] [0.192] [0.167]

DEFTERM 0.181 0.159 0.131 0.109 0.113 0.107
[0.114] [0.154] [0.314] [0.409] [0.460] [0.441]

CAPM −0.021 −0.050 0.005 −0.002
[0.476] [0.187] [0.929] [0.846]

HKMSF −0.028 −0.006
[0.319] [0.719]

x
li



Table A.19: Price of beta risk - Extended TRACE. The table presents the estimation results of six beta-pricing models using the Extended
TRACE dataset. The models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor
(CAPM), the three-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and
the two-factor model with default risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using monthly
excess returns on the 25 size × maturity sorted portfolios (Panels A and E for OLS and GLS, respectively), the 30 Fama-French (FF) industry sorted
portfolios (Panels B and F for OLS and GLS, respectively), the 25 size × rating sorted portfolios (Panels C and G for OLS and GLS, respectively), and
the 25 credit spread sorted portfolios (Panels D and H for OLS and GLS, respectively). We drop the coal industry classification because there are not
any bonds issued by coal companies in the sample prior to 1997. The sample period is 1986:01 to 2021:12 (432 months). We report parameter estimates
γ̂ (multiplied by 100), the t-ratios under correctly specified models that account for the EIV problem (t-statc), and the model misspecification-robust
t-ratios (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.18 0.25 0.16 0.27 0.32 0.16 0.23 0.19 0.12 0.17 1.62 0.21 2.42 0.18 1.65 1.49
t-statc [3.84] [2.94] [3.98] [3.14] [1.90] [1.14] [4.36] [1.17] [0.48] [3.06] [2.37] [2.85] [2.01] [3.18] [2.40] [1.02]
t-statm [3.70] [2.95] [3.93] [3.29] [1.92] [1.11] [4.11] [1.14] [0.47] [2.95] [2.45] [2.47] [2.03] [3.19] [2.50] [0.98]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.20 0.25 0.26 0.16 0.19 0.19 0.36 0.19 −0.14 0.32 0.66 0.34 0.93 0.32 0.69 0.76
t-statc [1.35] [1.39] [1.35] [0.78] [0.83] [1.33] [2.16] [1.28] [−0.47] [3.84] [1.42] [4.11] [1.36] [3.89] [1.34] [0.92]
t-statm [1.28] [1.34] [1.33] [0.75] [0.78] [1.32] [2.11] [1.24] [−0.47] [3.84] [1.42] [4.06] [1.37] [3.82] [1.27] [0.86]

Panel C: 25 size × rating portfolios (OLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.06 0.48 0.56 −0.14 0.15 0.30 0.44 0.35 −0.62 0.24 1.22 0.26 1.87 0.35 0.39 2.65
t-statc [−0.34] [2.68] [2.86] [−0.66] [0.42] [2.22] [2.37] [2.13] [−1.76] [2.37] [2.50] [2.72] [2.45] [3.56] [0.88] [2.12]
t-statm [−0.32] [2.48] [1.33] [−0.32] [0.30] [2.20] [1.66] [1.84] [−1.46] [2.43] [2.54] [2.77] [2.55] [3.19] [0.46] [2.37]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.23 0.63 0.20 0.20 0.97 −0.31 0.22 0.48 −0.39 0.14 1.66 0.17 2.59 0.03 2.64 −0.48
t-statc [−1.30] [3.40] [0.95] [0.92] [3.22] [−0.83] [2.11] [3.60] [−1.39] [1.39] [3.11] [1.73] [3.04] [0.21] [2.66] [−0.19]
t-statm [−1.34] [3.51] [1.02] [0.98] [3.41] [−0.93] [1.42] [3.62] [−1.17] [1.40] [3.14] [1.74] [3.08] [0.22] [1.88] [−0.19]

x
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Table A.19 (Cont’d): Price of beta risk – Extended TRACE.

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.15 0.27 0.15 0.27 0.42 0.16 0.16 0.30 −0.01 0.17 0.75 0.17 1.11 0.17 0.72 1.01
t-statc [6.18] [3.34] [6.11] [3.33] [2.99] [1.27] [6.07] [2.62] [−0.08] [6.89] [2.00] [6.89] [2.04] [6.88] [1.80] [1.77]
t-statm [5.88] [3.36] [5.88] [3.35] [2.85] [1.22] [5.77] [2.20] [−0.07] [6.35] [1.90] [6.36] [1.93] [6.35] [1.66] [1.63]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.22 0.20 0.24 0.18 0.24 0.14 0.27 0.06 0.10 0.30 0.59 0.30 0.85 0.30 0.59 0.74
t-statc [2.32] [1.65] [2.23] [1.39] [1.36] [1.06] [2.76] [0.53] [0.47] [4.65] [1.65] [4.77] [1.61] [4.64] [1.54] [1.31]
t-statm [2.19] [1.57] [2.17] [1.34] [1.29] [1.07] [2.66] [0.50] [0.49] [4.65] [1.65] [4.69] [1.56] [4.63] [1.53] [1.20]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.42 −0.01 0.51 −0.09 0.00 0.33 0.53 0.22 −0.53 0.41 0.20 0.40 0.56 0.41 0.11 0.74
t-statc [5.52] [−0.05] [5.65] [−0.76] [0.02] [2.81] [6.33] [2.05] [−2.42] [7.08] [0.59] [7.10] [1.09] [7.31] [0.32] [1.42]
t-statm [5.43] [−0.05] [5.29] [−0.72] [0.02] [2.75] [6.18] [2.10] [−2.38] [7.23] [0.58] [7.18] [1.04] [7.50] [0.32] [1.31]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.02 0.39 0.08 0.33 0.71 0.10 0.08 0.34 0.08 0.07 1.27 0.06 1.98 0.06 1.23 1.74
t-statc [0.36] [4.26] [1.36] [3.51] [4.65] [0.78] [1.59] [2.96] [0.47] [1.31] [3.15] [1.22] [3.29] [1.25] [2.78] [2.49]
t-statm [0.34] [4.03] [1.24] [3.28] [4.52] [0.74] [1.54] [2.69] [0.46] [1.26] [2.69] [1.18] [2.75] [1.19] [2.25] [1.77]
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Table A.20: Price of covariance risk – Extended TRACE. The table presents the estimation results of six beta-pricing models. The models
include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the three-factor model
of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk
and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using monthly excess returns on the 25 size × maturity
sorted portfolios (Panels A and E for OLS and GLS, respectively), the 30 Fama-French (FF) industry sorted portfolios (Panels B and F for OLS and
GLS, respectively), the 25 size × rating sorted portfolios (Panels C and G for OLS and GLS, respectively), and the 25 credit spread sorted portfolios
(Panels D and H for OLS and GLS, respectively). We drop the coal industry classification because there are not any bonds issued by coal companies
in the sample prior to 1997. The sample period is 1986:01 to 2021:12 (432 months). We report parameter estimates λ̂ (with λ̂0 multiplied by 100), the
t-ratios under correctly specified models that account for the EIV problem (t-statc), and the model misspecification-robust t-ratios (t-statm) from Kan
et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.18 9.23 0.16 13.09 −2.79 1.86 0.23 11.02 4.56 0.17 8.07 0.21 5.39 0.18 12.87 −3.75
t-statc [3.84] [2.80] [3.98] [0.86] [−0.26] [0.53] [4.36] [1.84] [2.06] [3.06] [2.33] [2.85] [1.95] [3.18] [1.18] [−0.45]
t-statm [3.70] [2.78] [3.93] [0.97] [−0.29] [0.61] [4.11] [1.80] [2.05] [2.95] [2.41] [2.47] [1.97] [3.19] [1.10] [−0.42]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.20 9.13 0.26 8.42 −2.43 2.80 0.36 7.30 0.54 0.32 3.28 0.34 2.08 0.32 4.27 −0.66
t-statc [1.35] [1.33] [1.35] [0.46] [−0.24] [0.77] [2.16] [0.84] [0.11] [3.84] [1.36] [4.11] [1.32] [3.89] [0.47] [−0.11]
t-statm [1.28] [1.28] [1.33] [0.46] [−0.24] [0.77] [2.11] [0.81] [0.10] [3.84] [1.37] [4.06] [1.33] [3.82] [0.40] [−0.09]

Panel C: 25 size × rating portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.06 17.76 0.56 −27.16 15.65 3.97 0.44 8.14 −4.73 0.24 6.11 0.26 4.18 0.35 −16.42 14.92
t-statc [−0.34] [2.29] [2.86] [−1.47] [1.24] [0.97] [2.37] [0.92] [−0.83] [2.37] [2.32] [2.72] [2.28] [3.56] [−1.60] [1.82]
t-statm [−0.32] [2.14] [1.33] [−1.04] [1.64] [1.00] [1.66] [0.65] [−0.60] [2.43] [2.34] [2.77] [2.37] [3.19] [−1.00] [1.38]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.23 23.29 0.20 −43.18 41.13 −12.48 0.22 17.92 0.83 0.14 8.29 0.17 5.78 0.03 44.65 −25.58
t-statc [−1.30] [2.92] [0.95] [−0.79] [1.13] [−0.93] [2.11] [2.71] [0.22] [1.39] [2.93] [1.73] [2.83] [0.21] [1.56] [−1.22]
t-statm [−1.34] [2.92] [1.02] [−0.99] [1.43] [−1.20] [1.42] [2.30] [0.16] [1.40] [2.95] [1.74] [2.85] [0.22] [1.17] [−0.97]
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Table A.20 (Cont’d): Price of covariance risk – Extended TRACE.

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.15 10.01 0.15 6.13 2.67 1.06 0.16 14.62 4.13 0.17 3.74 0.17 2.47 0.17 2.61 0.81
t-statc [6.18] [3.08] [6.11] [0.76] [0.46] [0.39] [6.07] [2.87] [1.97] [6.89] [1.87] [6.89] [1.93] [6.88] [0.46] [0.22]
t-statm [5.88] [3.09] [5.88] [0.73] [0.44] [0.38] [5.77] [2.69] [1.91] [6.35] [1.79] [6.36] [1.84] [6.35] [0.40] [0.19]

Panel F: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.22 7.46 0.24 7.53 −0.95 1.66 0.27 4.30 2.42 0.30 2.95 0.30 1.89 0.30 2.79 0.11
t-statc [2.32] [1.60] [2.23] [0.63] [−0.13] [0.52] [2.76] [0.75] [0.71] [4.65] [1.57] [4.77] [1.54] [4.64] [0.52] [0.03]
t-statm [2.19] [1.49] [2.17] [0.61] [−0.12] [0.52] [2.66] [0.69] [0.70] [4.65] [1.57] [4.69] [1.50] [4.63] [0.46] [0.03]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.42 −0.20 0.51 −10.34 3.91 5.93 0.53 3.04 −5.21 0.41 1.00 0.40 1.26 0.41 −4.52 4.13
t-statc [5.52] [−0.05] [5.65] [−1.06] [0.69] [2.10] [6.33] [0.62] [−1.67] [7.08] [0.58] [7.10] [1.07] [7.31] [−1.04] [1.43]
t-statm [5.43] [−0.05] [5.29] [−0.84] [0.54] [2.00] [6.18] [0.62] [−1.61] [7.23] [0.57] [7.18] [1.03] [7.50] [−1.00] [1.32]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.02 14.57 0.08 −6.11 14.46 −1.98 0.08 17.94 6.22 0.07 6.36 0.06 4.40 0.06 4.22 1.56
t-statc [0.36] [3.56] [1.36] [−0.65] [2.12] [−0.63] [1.59] [2.93] [2.54] [1.31] [2.85] [1.22] [2.97] [1.25] [0.54] [0.30]
t-statm [0.34] [3.30] [1.24] [−0.60] [2.01] [−0.63] [1.54] [2.67] [2.43] [1.26] [2.43] [1.18] [2.51] [1.19] [0.36] [0.19]
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Table A.21: Rank tests – Extended TRACE. The table presents the various rank test results for three
beta-pricing models. The models include the two-factor model of BSW (MACRO), the two-factor model of HKM
(HKMNT) with nontraded intermediary capital risk, and the seven-factor systematic volatility risk factor model
(VOL) without aggregate liquidity risk. The models are estimated using monthly excess returns on the 25 Size ×
maturity (Panel A) and the 30 Fama-French (FF) Industry sorted portfolios (Panel B). We drop the coal industry
classification because there are not any bonds issued by coal companies in the sample prior to 1997. The sample
period is 1986:01 to 2021:12 (432 months) for the MACRO and HKMNT models. The VOL model sample period
is 1990:03 to 2021:12 (382 months) due to the later availability of the CBOE VIX. p-values are reported in square
brackets below the rank test statistic.

Panel A: 25 size × maturity Panel B: 30 FF industry

J1 J2 J3 J1 J2 J3

MACRO 69.41 80.22 3.29 105.99 103.88 3.59
[0.00] [0.00] [0.00] [0.00] [0.00] [0.00]

HKMNT 39.54 55.97 2.29 53.64 45.68 1.58
[0.02] [0.00] [0.00] [0.00] [0.01] [0.03]

VOL 12.70 11.74 0.61 19.78 26.19 1.10
[0.81] [0.86] [0.89] [0.60] [0.24] [0.34]
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Table A.22: Price of beta risk – Extended TRACE. The table presents the estimation results of three beta-pricing models. The models include
the two-factor model of BSW (MACRO), the two-factor model of HKM (HKMNT) with nontraded intermediary capital risk, and the seven-factor
systematic volatility risk factor model (VOL) without aggregate liquidity risk. The models are estimated using monthly excess returns on the 25 Size
× maturity (Panels A and C for OLS and GLS) and the 30 Fama-French (FF) industry sorted portfolios (Panels B and D for GLS). We drop the coal
industry classification because there are not any bonds issued by coal companies in the sample prior to 1997. The sample period is 1986:01 to 2021:12
(432 months) for the MACRO and HKMNT models. The VOL model sample period is 1990:03 to 2021:12 (382 months) due to the later availability of
the CBOE VIX. We report parameter estimates γ̂ (multiplied by 100), the t-ratios under correctly specified models that account for the EIV problem
(t-statc), and the model misspecification-robust t-ratios (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity (OLS) Panel C: 25 size × maturity (GLS)

MACRO HKMNT MACRO HKMNT

γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL

Estimate 0.16 0.26 −0.40 0.19 1.52 1.03 Estimate 0.14 0.27 −0.37 0.16 0.72 1.09
t-statc [2.91] [3.01] [−1.02] [3.27] [2.30] [0.76] t-statc [5.78] [3.39] [−1.28] [6.80] [1.89] [1.50]
t-statm [2.59] [3.01] [−0.96] [3.19] [2.38] [0.73] t-statm [5.57] [3.40] [−1.25] [6.17] [1.77] [1.33]

VOL VOL

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂V IX γ̂V IXt−1

Estimate 0.18 0.02 0.98 1.12 0.17 0.16 −0.70 0.09 Estimate 0.13 −0.18 1.00 0.75 0.21 0.20 −0.34 −0.95
t-statc [3.28] [0.03] [0.56] [1.22] [0.85] [0.55] [−1.03] [0.10] t-statc [3.69] [−0.35] [1.06] [1.17] [1.42] [0.85] [−0.71] [−1.38]
t-statm [2.65] [0.03] [0.38] [1.03] [0.61] [0.46] [−0.75] [0.06] t-statm [3.23] [−0.32] [0.79] [1.00] [1.25] [0.78] [−0.59] [−1.00]

Panel B: 30 FF industry portfolios (OLS) Panel D: 30 FF industry portfolios (GLS)

MACRO HKMNT MACRO HKMNT

γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL

Estimate 0.26 0.17 −0.26 0.31 0.73 0.62 Estimate 0.21 0.21 −0.01 0.30 0.56 0.78
t-statc [1.76] [1.01] [−1.01] [3.38] [1.38] [0.60] t-statc [2.21] [1.74] [−0.04] [4.65] [1.49] [1.16]
t-statm [1.68] [0.96] [−0.93] [3.01] [1.24] [0.53] t-statm [2.07] [1.66] [−0.03] [4.68] [1.49] [1.02]

VOL VOL

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂V IX γ̂V IXt−1

Estimate 0.37 0.35 0.78 −0.63 0.06 −0.10 −0.57 −0.17 Estimate 0.40 0.57 0.49 −0.35 0.01 −0.09 −0.20 0.02
t-statc [2.57] [0.69] [1.02] [−1.01] [0.43] [−0.29] [−1.34] [−0.20] t-statc [3.71] [1.36] [0.88] [−0.85] [0.07] [−0.38] [−0.60] [0.04]
t-statm [2.20] [0.63] [0.79] [−0.81] [0.35] [−0.27] [−1.27] [−0.19] t-statm [3.73] [1.27] [0.62] [−0.69] [0.07] [−0.38] [−0.55] [0.03]
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Table A.23: Portfolio sorts – contemporaneous returns – Extended TRACE. Each panel reports the
average contemporaneous excess quintile portfolio returns sorted from low to high on the respective factor betas
available in month t. Factor betas are estimated by regressing bond excess returns on factor returns over fixed 36-
month rolling windows, with a minimum of 24 months required to include the coefficient estimate in the sample. The
factor betas are estimated jointly for each model. t-statistics (in square brackets) are based on NW standard errors
with four lags. Panels A–F are based on the sample period 1986:01 to 2021:12 (432 months). After computing the
rolling betas, the sample spans the period 1988:01 to 2021:12 (408 months).

Panel A: CAPMB

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.25 0.31 0.38 0.48 0.86 0.60
t-statnw [8.52] [6.70] [5.46] [4.40] [3.2] [2.33]

Panel B: BBW

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.54 0.33 0.37 0.43 0.61 0.07
t-statnw [4.04] [5.55] [5.11] [4.68] [3.93] [0.56]

DRF
Ave. Return 0.47 0.34 0.33 0.42 0.72 0.25
t-statnw [4.21] [4.77] [5.41] [4.80] [3.60] [1.64]

CRF
Ave. Return 0.54 0.40 0.31 0.35 0.70 0.16
t-statnw [4.58] [5.39] [5.27] [3.92] [2.83] [0.69]

Panel C: DEFTERM

Low 2 3 4 High High-Low

DEF
Ave. Return 0.30 0.31 0.39 0.47 0.79 0.50
t-statnw [5.49] [5.82] [5.07] [4.38] [3.41] [2.36]

TERM
Ave. Return 0.40 0.31 0.36 0.46 0.71 0.31
t-statnw [3.07] [5.77] [5.15] [4.73] [4.35] [2.10]

Panel D: CAPM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.39 0.31 0.38 0.49 0.71 0.32
t-statnw [5.47] [5.92] [5.40] [4.46] [2.48] [1.07]

Panel E: HKMSF

Low 2 3 4 High High-Low

CPTLT
Ave. Return 0.43 0.33 0.37 0.46 0.67 0.23
t-statnw [4.78] [6.00] [5.16] [4.10] [2.25] [0.73]

Panel F: HKM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.50 0.33 0.36 0.46 0.66 0.16
t-statnw [4.99] [5.55] [5.20] [4.93] [3.29] [0.98]

CPTLT
Ave. Return 0.58 0.38 0.32 0.37 0.60 0.02
t-statnw [4.36] [5.54] [5.24] [4.33] [2.48] [0.08]
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Table A.24: Portfolio sorts – one-month ahead returns – Extended TRACE. Each panel reports the
average one-month ahead excess quintile portfolio returns sorted from low to high on the respective factor betas
available in month t. Factor betas are estimated by regressing bond excess returns on factor returns over fixed
36-month rolling windows, with a minimum of 24 months required to include the coefficient estimate in the sample.
The factor betas are estimated jointly for each model. t-statistics (in square brackets) are based on NW standard
errors with four lags. Panels A–F are based on the sample period 1986:01 to 2021:12 (432 months). After computing
the rolling betas, the sample spans the period 1988:01 to 2021:12 (408 months).

Panel A: CAPMB

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.25 0.29 0.37 0.47 0.84 0.59
t-statnw [5.06] [5.23] [4.64] [4.40] [4.21] [3.49]

Panel B: BBW

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.53 0.29 0.35 0.41 0.64 0.11
t-statnw [3.81] [4.70] [4.82] [4.61] [4.96] [1.27]

DRF
Ave. Return 0.51 0.34 0.3 0.39 0.69 0.18
t-statnw [4.92] [4.97] [5.08] [4.42] [3.90] [1.74]

CRF
Ave. Return 0.52 0.36 0.29 0.36 0.74 0.21
t-statnw [4.47] [5.11] [4.91] [4.06] [3.54] [1.24]

Panel C: DEFTERM

Low 2 3 4 High High-Low

DEF
Ave. Return 0.32 0.28 0.36 0.46 0.80 0.48
t-statnw [5.23] [5.06] [4.37] [4.41] [4.19] [3.18]

TERM
Ave. Return 0.48 0.29 0.35 0.44 0.65 0.17
t-statnw [3.36] [5.06] [4.99] [4.59] [4.72] [1.40]

Panel D: CAPM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.33 0.29 0.35 0.49 0.82 0.49
t-statnw [5.14] [5.28] [4.63] [4.72] [3.67] [2.63]

Panel E: HKMSF

Low 2 3 4 High High-Low

CPTLT
Ave. Return 0.36 0.30 0.35 0.46 0.81 0.46
t-statnw [4.89] [5.46] [4.88] [4.53] [3.58] [2.47]

Panel F: HKM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.49 0.31 0.33 0.43 0.67 0.18
t-statnw [5.52] [5.19] [4.56] [4.44] [3.79] [1.42]

CPTLT
Ave. Return 0.54 0.33 0.31 0.36 0.72 0.18
t-statnw [4.6] [4.82] [5.04] [4.57] [4.05] [1.63]
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Table A.25: Fama-MacBeth estimates and t-statistics of the zero-beta rate and risk premia – Extended TRACE. The table presents
the estimation results for six beta-pricing models. The models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM
with the stock market factor (CAPM), the three-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor
model of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French (1993, DEFTERM). The models are
estimated using cross-sectional Fama-MacBeth regressions of individual corporate bond excess returns on estimated factor betas. We report parameter
estimates γ̂ (multiplied by 100), and the NW t-ratios with four lags. Factor betas are estimated by regressing bond excess returns on factor returns over
fixed 36-month rolling windows, with a minimum of 24 months required to include the coefficient estimate in the sample. The factor betas are estimated
jointly for each model. Panel A presents results for contemporaneous returns, and Panel B for one-month ahead returns. Panels A and B are based on
the sample period 1986:01 to 2021:12 (432 months). After computing the rolling betas, the sample spans the period 1988:01 to 2021:12 (408 months).

Panel A: Contemporaneous returns Panel B: One-month ahead returns

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂MKTB 0.23 0.04 γ̂MKTB 0.23 0.13
[2.09] [0.20] [2.99] [1.00]

γ̂DRF 0.17 γ̂DRF 0.11
[1.81] [1.68]

γ̂CRF 0.19 γ̂CRF 0.21
[1.13] [1.67]

γ̂DEF 0.14 γ̂DEF 0.14
[1.26] [1.55]

γ̂TERM −0.01 γ̂TERM −0.05
[−0.08] [−0.30]

γ̂MKTS 0.32 0.28 γ̂MKTS 0.50 0.49
[0.80] [0.75] [1.75] [1.83]

γ̂CPTLT 0.54 0.44 γ̂CPTLT 0.92 0.93
[0.87] [0.72] [2.24] [2.44]

γ̂0 0.22 0.42 0.31 0.38 0.38 0.35 γ̂0 0.22 0.40 0.3 0.31 0.31 0.33
[3.92] [5.75] [5.68] [6.06] [5.3] [6.65] [3.57] [4.98] [4.08] [4.54] [4.23] [5.11]

Adj. R2 0.095 0.200 0.165 0.097 0.096 0.142 Adj. R2 0.055 0.100 0.097 0.056 0.055 0.073
Months 408 408 408 408 408 408 Months 408 408 408 408 408 408
Obs. 1,235,865 1,235,865 1,235,865 1,235,865 1,235,865 1,235,865 Obs. 1,235,865 1,235,865 1,235,865 1,235,865 1,235,865 1,235,865
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Table A.26: Portfolio sorts – nontraded factors– Extended TRACE. Panel A reports the contemporane-
ous and Panel B reports the one-month ahead average excess quintile portfolio returns sorted from low to high on the
respective nontraded factor betas available in month t. Factor betas are estimated by regressing bond excess returns
on the factors over fixed 36-month rolling windows, with a minimum of 24 months required to include the coefficient
estimate in the sample. The factor betas are estimated jointly for each model. t-statistics (in square brackets) are
based on NW standard errors with four lags. Panels A–B are based on the sample period 1986:01 to 2021:12 (432
months). After computing the rolling betas, the sample spans the period 1988:01 to 2021:12 (408 months). Due to
the availability of the CBOE VIX, the VOL model spans the period 1992:03 to 2021:12 (358 months).

Panel A: Contemporaneous returns

MACRO

Low 2 3 4 High High-Low

UNC
0.52 0.37 0.33 0.38 0.64 0.12
[1.88] [4.00] [5.65] [5.67] [4.88] [0.41]

HKMNT

Low 2 3 4 High High-Low

CPTL
0.54 0.36 0.34 0.41 0.66 0.12
[4.05] [4.79] [5.34] [4.96] [2.89] [0.55]

VOL

Low 2 3 4 High High-Low

VIX
0.67 0.40 0.36 0.35 0.53 −0.15
[3.07] [3.86] [4.70] [4.80] [4.65] [−0.85]

Panel B: One-month ahead returns

MACRO

Low 2 3 4 High High-Low

UNC
0.77 0.39 0.31 0.34 0.48 −0.29
[4.03] [4.96] [5.48] [4.93] [3.87] [−2.22]

HKMNT

Low 2 3 4 High High-Low

CPTL
0.47 0.31 0.31 0.40 0.78 0.30
[4.07] [4.15] [5.05] [5.1] [4.4] [2.67]

VOL

Low 2 3 4 High High-Low

VIX
0.73 0.44 0.36 0.34 0.49 −0.24
[4.24] [4.43] [5.06] [5.02] [4.09] [−2.56]
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Table A.27: Fama-MacBeth estimates and t-statistics of the zero-beta rate and risk premia –
Extended TRACE. The table presents the estimation results for three beta-pricing models with nontraded
factors. The models include the two-factor model of BSW (MACRO), the two-factor model of HKM (HKMNT)
with nontraded intermediary capital risk, and the seven-factor systematic volatility risk factor model (VOL) without
aggregate liquidity risk. The models are tested using cross-sectional Fama-MacBeth regressions of individual corporate
bond excess returns on estimated factor betas. We report parameter estimates γ̂ (multiplied by 100), and the NW
t-ratios using four lags. Factor betas are estimated by regressing bond excess returns on the factors over fixed 36-
month rolling windows, with a minimum of 24 months required to include the coefficient estimate in the sample. The
factor betas are estimated jointly for each model. Panel A presents results for contemporaneous returns, and Panel B
for one-month ahead returns. Panels A and B are based on the sample period 1986:01 to 2021:12 (432 months). After
computing the rolling betas, the sample spans the period 1988-01 to 2021:12 (408 months). Due to the availability
of the CBOE VIX, the VOL model spans the period 1992:03 to 2021:12 (358 months).

Panel A: Contemporaneous returns Panel B: One-month ahead returns

MACRO HKMNT VOL MACRO HKMNT VOL

γ̂MKTB 0.27 γ̂MKTB 0.21
[2.60] [2.84]

γ̂UNC −0.00 γ̂UNC −0.28
[−0.01] [−2.24]

γ̂MKTS 0.30 0.27 γ̂MKTS 0.41 0.46
[0.82] [0.78] [1.54] [1.70]

γ̂CPTL 0.33 γ̂CPTL 0.98
[0.57] [2.65]

γ̂SMB 0.45 γ̂SMB 0.10
[1.87] [0.71]

γ̂HML −0.23 γ̂HML 0.15
[−0.74] [0.96]

γ̂DEF 0.08 γ̂DEF 0.15
[0.74] [1.60]

γ̂TERM 0.13 γ̂TERM 0.01
[0.70] [0.07]

γ̂V IX −0.35 γ̂V IX −0.50
[−1.30] [−3.04]

γ̂0 0.19 0.36 0.25 γ̂0 0.23 0.34 0.23
[3.58] [6.7] [5.18] [3.88] [5.15] [3.35]

Adj. R2 0.150 0.138 0.348 Adj. R2 0.075 0.071 0.151
Months 408 408 358 Months 408 408 358
Obs. 1,235,865 1,235,865 1,235,865 Obs. 1,235,865 1,235,865 1,235,865
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Table A.28: Estimated monthly risk premia for time-invariant models – Extended TRACE. The
table reports the estimated monthly risk premia (in percent) and their 95% confidence intervals for the six beta-
pricing models estimated using the methods of Gagliardini et al. (2016) using bond-level corporate bond data. The
reported risk premia have been bias adjusted. The total number of bonds is given by n, the number of factors in each
model is given by K, and the trimmed number of bonds in the estimation is given by nχ for each factor model. The
confidence intervals are constructed using the HAC estimator as per the original authors. The trimming level for risk
premia estimation is χ1,T = 15. The table is based on the sample period 1986:01 to 2021:12 (T = 432 months).

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂MKTB 0.43 0.42
(0.25,0.60) (0.24,0.59)

γ̂DRF 0.45
(0.19,0.70)

γ̂CRF 0.15
(−0.14,0.45)

γ̂DEF 0.21
(0.07,0.36)

γ̂TERM 0.39
(0.11,0.66)

γ̂MKTS 2.03 1.96
(1.61,2.46) (1.53,2.38)

γ̂CPTLT 2.99 2.31
(2.31,3.67) (1.63,2.99)

n 28,690 28,690 28,690 28,690 28,690 28,690
nχ 28,690 28,690 28,690 28,690 28,690 28,690
T 432 432 432 432 432 432
K 1 3 2 1 1 2
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Table A.29: Estimated monthly risk premia for time-invariant models with nontraded factors –
Extended TRACE. The table reports the estimated monthly risk premia (in percent) and their 95% confidence
intervals for the three beta-pricing models with nontraded factors estimated using the methods of Gagliardini et al.
(2016) using bond-level corporate bond data. The reported risk premia have been bias adjusted. Panel A reports
results for excess returns and Panel B reports results for duration-adjusted returns. The total number of bonds is
given by n, the number of factors in each model is given by K, and the trimmed number of bonds in the estimation
is given by nχ for each factor model. The confidence intervals are constructed using the HAC estimator as per the
original authors. The trimming level for risk premia estimation is χ1,T = 15. The table is based on the sample period
1986:01 to 2021:12 (T = 432 months).

Panel A: Excess returns Panel B: Duration-adjusted returns

MACRO HKMNT VOL MACRO HKMNT VOL

γ̂MKTB 0.44 γ̂MKTB 0.17
(0.26,0.61) (0.00,0.34)

γ̂UNC −0.19 γ̂UNC −0.13
(−0.51,0.13) (−0.45,0.19)

γ̂MKTS 2.05 0.76 γ̂MKTS 0.69 0.57
(1.63,2.47) (0.32,1.21) (0.27,1.12) (0.13,1.02)

γ̂CPTL 1.22 γ̂CPTL 1.10
(0.56,1.87) (0.45,1.76)

γ̂SMB 0.26 γ̂SMB 0.37
(−0.04,0.57) (0.07,0.68)

γ̂HML −0.07 γ̂HML 0.36
(−0.45,0.32) (−0.03,0.74)

γ̂DEF 0.11 γ̂DEF 0.15
(−0.06,0.27) (−0.01,0.31)

γ̂TERM 0.51 γ̂TERM 0.06
(0.22,0.79) (−0.23,0.34)

γ̂V IX −0.94 γ̂V IX −0.58
(−1.29,−0.59) (−0.93,−0.23)

γ̂V IXt−1
−0.34 γ̂V IXt−1

−0.31

(−0.69,0.01) (−0.66,0.04)

n 28,690 28,690 28,690 n 28,690 28,690 28,690
nχ 28,690 28,690 27,743 nχ 28,690 28,690 27,743
T 432 432 382 T 432 432 382
K 2 2 7 K 2 2 7
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Table A.30: Summary statistics – TRACE (duration adjusted). Panel A reports factor means (“Mean”),
the single-factor bond market alphas (“Alpha”), the bias-adjusted factor squared Sharpe ratios (Sh2), and the stan-
dard deviations (SD) computed using the Enhanced TRACE database for the duration-adjusted bond market factor
(MKTB), the downside risk factor (DRF ), the credit risk factor (CRF ), and the liquidity risk factor (LRF ). The
additional factors include the default risk factor (DEF ), the term structure factor (TERM ), the stock market factor
(MKTS), and the traded version of the HKM intermediary capital risk factor (CPTLT ). Panel B reports the model
squared Sharpe ratios for the BBW four-factor model, the DEFTERM two-factor model, and the HKM two-factor
model. Panel C reports the factor correlations. Panels A–C are based on the sample period 2004:08 to 2016:12 (149
months). p-values are in square brackets.

Panel A: Factor summary statistics and squared Sharpe ratios

MKTB DRF CRF LRF DEF TERM MKTS CPTLT

Mean 0.228 0.487 0.604 0.246 0.020 0.478 0.675 0.502
[0.175] [0.096] [0.017] [0.050] [0.911] [0.077] [0.048] [0.381]

Alpha - 0.159 0.351 0.127 −0.186 0.629 0.362 0.035
- [0.395] [0.098] [0.135] [0.054] [0.012] [0.144] [0.939]

Sh2 0.005 0.012 0.031 0.019 −0.007 0.014 0.019 −0.002
[0.370] [0.190] [0.032] [0.096] [1.000] [0.150] [0.092] [1.000]

SD 2.062 3.582 3.100 1.540 2.172 3.308 4.176 7.024

Panel B: Model squared Sharpe ratios

BBW DEFTERM HKM

Sh2 0.036 0.014 0.023
[0.252] [0.361] [0.180]

Panel C: Factor correlations

MKTB DRF CRF LRF DEF TERM MKTS CPTLT

MKTB 1 0.826 0.738 0.699 0.858 −0.411 0.676 0.601
DRF 1 0.463 0.842 0.771 −0.392 0.495 0.461
CRF 1 0.492 0.425 −0.318 0.673 0.620
LRF 1 0.577 −0.458 0.380 0.408
DEF 1 −0.446 0.536 0.507
TERM 1 −0.296 −0.380
MKTS 1 0.818
CPTLT 1
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Table A.31: Tests of equality of squared Sharpe ratios – TRACE (duration adjusted). Panel A
reports the differences in bias-adjusted sample squared Sharpe ratios between the six asset pricing models. The
differences are computed between the squared Sharpe ratios in row i and column j. The models include the CAPM
with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the
four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of
HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French (1993,
DEFTERM). Panel B reports the associated p-values. Panel C reports a conditional heteroskedastic version of the
GRS test with p-values in square brackets. In the computation of the GRS test, we employ the duration-adjusted
returns on the 25 size × maturity, 30 Fama-French (FF) industry, 25 size × rating, and 25 credit spread sorted
portfolios. Panels A–C are based on the sample period 2004:08 to 2016:12 (149 months). N and T represent the
number of assets and time series observations, respectively.

Panel A: Differences in sample squared Sharpe ratios.

CAPM HKMSF HKM DEFTERM BBW

CAPMB −0.014 0.007 −0.018 −0.008 −0.031
CAPM 0.021 −0.004 0.005 −0.017
HKMSF −0.025 −0.015 −0.038
HKM 0.009 −0.013
DEFTERM −0.022

Panel B: p-values

CAPM HKMSF HKM DEFTERM BBW

CAPMB 0.149 0.405 0.144 0.791 0.086
CAPM 0.067 0.198 0.885 0.076
HKMSF 0.032 0.120 0.084
HKM 0.809 0.771
DEFTERM 0.676

Panel C: GRS test

25 size × maturity 30 industry 25 size × rating 25 credit spread

CAPMB 2.850 0.952 1.196 3.116
[0.000] [0.545] [0.257] [0.000]

BBW 2.719 1.895 1.261 3.169
[0.000] [0.009] [0.203] [0.000]

CAPM 2.806 0.722 1.295 3.183
[0.000] [0.848] [0.178] [0.000]

HKMSF 2.841 0.867 1.274 3.432
[0.000] [0.665] [0.193] [0.000]

HKM 2.775 0.931 1.359 3.369
[0.000] [0.574] [0.139] [0.000]

DEFTERM 2.615 1.484 2.100 4.209
[0.000] [0.071] [0.004] [0.000]

N 25 30 25 25
T 149 149 149 149
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Table A.32: Sample cross-sectional R2s and specification tests of the models – TRACE (duration adjusted). The table presents
the sample OLS and GLS cross-sectional R2 (ρ̂2) and the generalized CSRT (Q̂c) of six beta-pricing models. The bond factors
and test asset returns are duration adjusted. The models include the CAPM with the corporate bond market factor (CAPMB),
the equity CAPM with the stock market factor (CAPM), the four-factor model of Bai et al. (2019, BBW), the single-factor
model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk and term structure
factors of Fama and French (1993, DEFTERM). The models are estimated using monthly duration-adjusted bond returns on the
25 size × maturity and the 30 Fama-French (FF) industry sorted portfolios (Panels A and C for OLS and GLS, respectively),
and the 25 size × rating and 25 credit spread sorted portfolios (Panels B and D for OLS and GLS, respectively). The sample
period is 2004:08 to 2016:12 (149 months). p(ρ2 =1) is the p-value for the test of H0 : ρ2 = 1. p(ρ2 = 0) is the p-value for the
test of H0 : ρ2 = 0. se(ρ̂2) is the standard error of ρ̂2 under the assumption that 0 < ρ2 < 1. p(Qc = 0) is the p-value for the
approximate F -test of H0 : Qc = 0. No. of param. is the number of parameters in the model.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.477 0.856 0.653 0.229 0.191 0.336 0.419 0.519 0.317 0.538 0.510 0.538
p(ρ2 =1) 0.218 0.392 0.207 0.290 0.294 0.405 0.954 0.861 0.889 0.987 0.982 0.974
p(ρ2 =0) 0.413 0.376 0.431 0.475 0.498 0.788 0.367 0.808 0.583 0.292 0.309 0.463
se(ρ̂2) 0.534 0.225 0.445 0.402 0.392 0.706 0.650 0.584 0.673 0.572 0.601 0.569

Q̂c 0.303 0.213 0.294 0.295 0.299 0.258 0.192 0.178 0.157 0.172 0.161 0.157
p(Qc=0) 0.044 0.171 0.042 0.052 0.048 0.098 0.719 0.666 0.859 0.824 0.874 0.859
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.777 0.916 0.742 0.695 0.734 0.743 0.837 0.984 0.886 0.851 0.822 0.904
p(ρ2 =1) 0.332 0.116 0.187 0.381 0.440 0.387 0.008 0.204 0.050 0.064 0.054 0.302
p(ρ2 =0) 0.044 0.052 0.119 0.029 0.018 0.083 0.002 0.001 0.002 0.002 0.002 0.003
se(ρ̂2) 0.279 0.084 0.261 0.217 0.216 0.253 0.104 0.014 0.075 0.134 0.144 0.145

Q̂c 0.231 0.252 0.219 0.256 0.238 0.225 0.541 0.279 0.528 0.640 0.508 0.375
p(Qc=0) 0.213 0.069 0.225 0.128 0.184 0.201 0.000 0.034 0.000 0.000 0.000 0.005
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3
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Table A.32 (Cont’d): Sample cross-sectional R2s and specification tests of the models – TRACE (duration adjusted).

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.001 0.146 0.013 0.007 0.001 0.023 0.036 0.082 0.214 0.047 0.090 0.109
p(ρ2 =1) 0.005 0.032 0.004 0.008 0.005 0.012 0.400 0.308 0.827 0.491 0.598 0.586
p(ρ2 =0) 0.844 0.234 0.761 0.605 0.866 0.668 0.297 0.701 0.060 0.258 0.104 0.247
se(ρ̂2) 0.008 0.106 0.028 0.022 0.007 0.049 0.059 0.075 0.145 0.075 0.094 0.094

Q̂c 0.298 0.241 0.295 0.295 0.297 0.281 0.192 0.173 0.173 0.173 0.154 0.160
p(Qc=0) 0.050 0.090 0.040 0.053 0.050 0.057 0.718 0.699 0.782 0.817 0.900 0.847
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.054 0.172 0.043 0.017 0.043 0.062 0.067 0.146 0.083 0.016 0.055 0.108
p(ρ2 =1) 0.055 0.080 0.031 0.036 0.063 0.058 0.000 0.000 0.000 0.000 0.000 0.001
p(ρ2 =0) 0.144 0.204 0.446 0.421 0.216 0.342 0.032 0.099 0.089 0.303 0.065 0.053
se(ρ̂2) 0.068 0.112 0.062 0.038 0.061 0.073 0.062 0.081 0.066 0.029 0.056 0.084

Q̂c 0.236 0.229 0.240 0.256 0.246 0.241 0.490 0.374 0.522 0.525 0.505 0.421
p(Qc=0) 0.195 0.121 0.145 0.128 0.156 0.143 0.000 0.002 0.000 0.000 0.000 0.001
No. of param. 2 5 3 2 2 3 2 5 3 2 2 3
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Table A.33: Tests of equality of cross-sectional R2s – TRACE (duration adjusted). The table presents pairwise tests of equality of
OLS and GLS cross-sectional R2s of six beta-pricing models. The bond factors and test asset returns are duration adjusted. The models include the
CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the four-factor model of Bai et al.
(2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk and term
structure factors of Fama and French (1993, DEFTERM). The models are estimated using monthly duration-adjusted bond returns on the 25 size ×
maturity and the 30 Fama-French (FF) industry sorted portfolios (Panels A and C for OLS and GLS, respectively), and the 25 size × rating and 25
credit spread sorted portfolios (Panels B and D for OLS and GLS, respectively). The sample period is 2004:08 to 2016:12 (149 months). We report the
difference between the sample cross-sectional R2s of the models in row i and column j, ρ2i − ρ2j , and the associated p-value (in square brackets) for the

test of H0 : ρ2i = ρ2j . The p-values are computed under the assumption that the models are potentially misspecified.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.379 −0.176 0.248 0.286 0.141 −0.100 0.102 −0.119 −0.092 −0.119
[0.278] [0.580] [0.350] [0.403] [0.817] [0.945] [0.562] [0.654] [0.690] [0.660]

BBW 0.202 0.627 0.664 0.520 0.202 −0.019 0.008 −0.019
[0.515] [0.063] [0.049] [0.451] [0.629] [0.894] [0.959] [0.896]

DEFTERM 0.425 0.462 0.318 −0.221 −0.194 −0.221
[0.333] [0.350] [0.590] [0.586] [0.579] [0.591]

CAPM 0.037 −0.107 0.027 −0.000
[0.776] [0.698] [0.850] [0.983]

HKMSF −0.144 −0.027
[0.636] [0.742]

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.138 0.035 0.083 0.043 0.035 −0.148 −0.049 −0.014 0.015 −0.068
[0.431] [0.693] [0.697] [0.881] [0.921] [0.110] [0.595] [0.826] [0.865] [0.462]

BBW 0.173 0.221 0.181 0.173 0.099 0.134 0.162 0.080
[0.456] [0.213] [0.353] [0.481] [0.189] [0.298] [0.242] [0.558]

DEFTERM 0.048 0.008 −0.000 0.035 0.064 −0.019
[0.784] [0.973] [0.999] [0.796] [0.673] [0.887]

CAPM −0.040 −0.048 0.029 −0.054
[0.724] [0.600] [0.492] [0.378]

HKMSF −0.008 −0.083
[0.837] [0.281]
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Table A.33 (Cont’d): Tests of equality of cross-sectional R2s – TRACE (duration adjusted).

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.146 −0.012 −0.006 0.000 −0.022 −0.046 −0.178 −0.011 −0.054 −0.072
[0.173] [0.694] [0.738] [0.980] [0.637] [0.755] [0.200] [0.823] [0.457] [0.436]

BBW 0.133 0.140 0.146 0.124 −0.132 0.035 −0.008 −0.026
[0.251] [0.171] [0.158] [0.314] [0.307] [0.682] [0.936] [0.804]

DEFTERM 0.006 0.012 −0.010 0.167 0.124 0.105
[0.876] [0.698] [0.855] [0.281] [0.434] [0.501]

CAPM 0.006 −0.016 −0.043 −0.061
[0.714] [0.524] [0.297] [0.186]

HKMSF −0.022 −0.019
[0.451] [0.516]

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.118 0.011 0.037 0.011 −0.008 −0.079 −0.016 0.051 0.012 −0.041
[0.346] [0.739] [0.418] [0.839] [0.925] [0.220] [0.672] [0.248] [0.806] [0.660]

BBW 0.129 0.155 0.129 0.110 0.063 0.130 0.091 0.038
[0.258] [0.100] [0.155] [0.315] [0.418] [0.084] [0.248] [0.712]

DEFTERM 0.026 −0.000 −0.019 0.067 0.028 −0.025
[0.609] [0.997] [0.808] [0.217] [0.622] [0.775]

CAPM −0.026 −0.045 −0.039 −0.092
[0.410] [0.200] [0.238] [0.036]

HKMSF −0.019 −0.053
[0.416] [0.106]
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Table A.34: Price of beta risk – TRACE (duration adjusted). The table presents the estimation results of six beta-pricing models. The bond
factors and test asset returns are duration adjusted. The models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM
with the stock market factor (CAPM), the four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor
model of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French (1993, DEFTERM). The models are
estimated using monthly duration-adjusted bond returns on the 25 size × maturity sorted portfolios (Panels A and E for OLS and GLS, respectively),
the 30 Fama-French (FF) industry sorted portfolios (Panels B and F for OLS and GLS, respectively), the 25 size × rating sorted portfolios (Panels C
and G for OLS and GLS, respectively), and the 25 credit spread sorted portfolios (Panels D and H for OLS and GLS, respectively). The sample period
is 2004:08 to 2016:12 (149 months). We report parameter estimates γ̂ (multiplied by 100), the t-ratios under correctly specified models that account for
the EIV problem (t-statc), and the model misspecification-robust t-ratios (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.07 0.20 0.31 −0.05 0.25 0.43 0.04 0.14 0.19 0.43 0.12 0.49 0.15 0.75 0.02 0.98 −0.29
t-statc [0.49] [0.92] [3.63] [−0.25] [0.66] [1.38] [0.25] [1.10] [0.91] [1.16] [0.87] [0.69] [1.36] [0.66] [0.09] [0.83] [−0.26]
t-statm [0.46] [0.88] [3.99] [−0.26] [0.70] [1.22] [0.23] [1.09] [0.90] [1.11] [0.98] [0.72] [1.58] [0.69] [0.07] [0.80] [−0.09]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.05 0.20 0.12 0.10 0.15 0.29 0.12 0.07 0.23 −0.21 0.06 0.52 0.07 0.88 0.06 0.52 0.70
t-statc [0.48] [0.91] [1.43] [0.50] [0.38] [1.05] [0.55] [0.55] [0.80] [−0.36] [0.66] [1.07] [0.79] [1.03] [0.65] [1.02] [0.67]
t-statm [0.48] [0.89] [1.20] [0.45] [0.35] [0.97] [0.49] [0.53] [0.75] [−0.37] [0.65] [1.03] [0.78] [1.00] [0.65] [1.01] [0.67]

Panel C: 25 size × rating portfolios (OLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.22 0.45 0.05 0.19 0.43 0.61 0.14 −0.32 0.65 −0.93 −0.17 1.25 −0.16 2.26 −0.13 0.96 2.60
t-statc [−1.55] [2.24] [0.46] [1.07] [1.12] [2.42] [0.83] [−1.43] [1.70] [−1.33] [−1.31] [2.09] [−1.18] [2.02] [−1.03] [1.42] [1.95]
t-statm [−1.63] [2.18] [0.37] [0.94] [1.08] [2.38] [0.65] [−1.84] [1.83] [−1.16] [−1.50] [2.14] [−1.34] [2.18] [−0.88] [0.97] [1.67]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.38 0.61 0.04 0.18 1.45 −0.30 0.58 −0.37 0.70 −1.74 −0.36 1.75 −0.32 3.10 −0.46 2.64 −0.72
t-statc [−3.03] [3.19] [0.40] [1.02] [2.73] [−0.67] [1.61] [−2.18] [1.91] [−2.63] [−2.53] [2.71] [−2.57] [2.79] [−1.65] [1.72] [−0.19]
t-statm [−3.18] [3.27] [0.38] [0.97] [2.50] [−0.61] [1.63] [−2.20] [1.82] [−2.26] [−2.91] [2.82] [−2.83] [2.92] [−2.04] [1.62] [−0.20]
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Table A.34 (Cont’d): Price of beta risk – TRACE (duration adjusted).

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.19 0.03 0.20 0.02 0.22 0.43 0.13 0.19 −0.04 0.23 0.19 0.22 0.19 0.12 0.19 0.30 −0.08
t-statc [6.35] [0.20] [6.78] [0.14] [0.70] [1.62] [0.98] [6.25] [−0.23] [0.76] [6.37] [0.54] [6.47] [0.18] [6.26] [0.70] [−0.11]
t-statm [5.47] [0.20] [5.90] [0.14] [0.67] [1.54] [0.93] [5.41] [−0.23] [0.76] [5.52] [0.51] [5.60] [0.17] [5.41] [0.67] [−0.10]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.05 0.18 0.06 0.18 0.36 0.25 0.22 0.05 0.25 −1.09 0.06 0.48 0.05 1.16 0.05 0.40 1.32
t-statc [1.37] [1.06] [1.29] [1.04] [1.14] [0.95] [1.57] [1.38] [1.30] [−2.54] [1.59] [1.19] [1.36] [1.69] [1.16] [0.98] [1.99]
t-statm [1.28] [1.05] [1.19] [1.02] [1.12] [0.94] [1.60] [1.30] [1.32] [−2.21] [1.47] [1.11] [1.25] [1.65] [1.08] [0.90] [1.93]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.02 0.25 0.00 0.23 0.38 0.60 0.19 −0.02 0.25 −0.23 −0.01 0.32 −0.01 0.91 −0.02 0.26 1.08
t-statc [−0.57] [1.45] [0.05] [1.32] [1.20] [2.35] [1.32] [−0.63] [1.28] [−0.71] [−0.34] [0.81] [−0.39] [1.33] [−0.44] [0.64] [1.57]
t-statm [−0.59] [1.45] [0.06] [1.34] [1.15] [2.32] [1.23] [−0.64] [1.25] [−0.68] [−0.35] [0.80] [−0.41] [1.26] [−0.46] [0.64] [1.46]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂LRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.15 0.39 −0.12 0.36 0.92 0.48 0.36 −0.14 0.44 −0.67 −0.14 0.44 −0.13 1.45 −0.13 0.26 1.94
t-statc [−5.31] [2.28] [−3.85] [2.10] [2.98] [1.88] [2.58] [−4.97] [2.30] [−1.83] [−4.80] [1.07] [−4.46] [2.05] [−3.97] [0.65] [2.84]
t-statm [−4.75] [2.16] [−3.43] [1.99] [2.73] [1.72] [2.19] [−4.35] [2.11] [−1.54] [−4.69] [1.01] [−4.52] [1.86] [−4.23] [0.60] [2.40]
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Table A.35: Price of covariance risk – TRACE (duration adjusted). The table presents the estimation results of six beta-pricing models.
The bond factors and test asset returns are duration adjusted. The models include the CAPM with the corporate bond market factor (CAPMB), the
equity CAPM with the stock market factor (CAPM), the four-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the
two-factor model of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French (1993, DEFTERM). The
models are estimated using monthly duration-adjusted bond returns on the 25 size × maturity sorted portfolios (Panels A and E for OLS and GLS,
respectively), the 30 Fama-French (FF) industry sorted portfolios (Panels B and F for OLS and GLS, respectively), the 25 size × rating sorted portfolios
(Panels C and G for OLS and GLS, respectively), and the 25 credit spread sorted portfolios (Panels D and H for OLS and GLS, respectively). The
sample period is 2004:08 to 2016:12 (149 months). We report parameter estimates λ̂ (with λ̂0 multiplied by 100), the t-ratios under correctly specified
models that account for the EIV problem (t-statc), and the model misspecification-robust t-statistics (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.07 4.64 0.31 −45.20 22.97 19.32 −19.99 0.14 8.45 6.40 0.12 2.81 0.15 1.54 0.02 19.43 −10.02
t-statc [0.49] [0.92] [3.63] [−1.78] [1.46] [1.78] [−0.91] [1.10] [1.29] [1.43] [0.87] [0.68] [1.36] [0.66] [0.09] [0.99] [−0.99]
t-statm [0.46] [0.89] [3.99] [−1.82] [1.40] [1.61] [−0.74] [1.09] [1.30] [1.40] [0.98] [0.71] [1.58] [0.69] [0.07] [0.47] [−0.39]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.05 4.77 0.12 −5.20 −0.45 4.21 6.77 0.07 4.57 −0.62 0.06 2.99 0.07 1.79 0.06 3.20 −0.13
t-statc [0.48] [0.90] [1.43] [−0.29] [−0.03] [0.61] [0.22] [0.55] [0.59] [−0.10] [0.66] [1.00] [0.79] [1.01] [0.65] [0.31] [−0.02]
t-statm [0.48] [0.87] [1.20] [−0.24] [−0.03] [0.53] [0.21] [0.53] [0.53] [−0.10] [0.65] [0.97] [0.78] [0.99] [0.65] [0.33] [−0.02]

Panel C: 25 size × rating portfolios (OLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.22 10.54 0.05 −23.56 13.16 13.62 −11.18 −0.32 10.03 −5.63 −0.17 7.21 −0.16 4.62 −0.13 −5.23 7.84
t-statc [−1.55] [2.01] [0.46] [−0.93] [0.98] [1.47] [−0.75] [−1.43] [1.15] [−0.76] [−1.31] [1.93] [−1.18] [1.89] [−1.03] [−0.43] [1.01]
t-statm [−1.63] [1.92] [0.37] [−0.86] [0.87] [1.41] [−0.49] [−1.84] [0.83] [−0.57] [−1.50] [1.93] [−1.34] [2.02] [−0.88] [−0.21] [0.52]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.38 14.48 0.04 −35.20 25.16 −1.78 10.07 −0.37 5.17 −14.46 −0.36 10.11 −0.32 6.33 −0.46 52.04 −26.76
t-statc [−3.03] [2.70] [0.40] [−1.26] [1.13] [−0.15] [0.25] [−2.18] [0.45] [−1.67] [−2.53] [2.70] [−2.57] [2.65] [−1.65] [1.11] [−0.88]
t-statm [−3.18] [2.65] [0.38] [−1.23] [1.10] [−0.14] [0.26] [−2.20] [0.38] [−1.41] [−2.91] [2.72] [−2.83] [2.66] [−2.04] [1.05] [−0.86]
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Table A.35 (Cont’d): Price of covariance risk – TRACE (duration adjusted).

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.19 0.80 0.20 −28.05 10.12 13.10 −0.86 0.19 0.63 2.31 0.19 1.25 0.19 0.25 0.19 5.88 −3.03
t-statc [6.35] [0.20] [6.78] [−2.01] [1.12] [2.00] [−0.06] [6.25] [0.14] [0.75] [6.37] [0.52] [6.47] [0.18] [6.26] [0.85] [−0.73]
t-statm [5.47] [0.20] [5.90] [−1.78] [1.00] [1.87] [−0.06] [5.41] [0.13] [0.74] [5.52] [0.49] [5.60] [0.17] [5.41] [0.75] [−0.63]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.05 4.32 0.06 −0.58 −2.04 0.73 13.31 0.05 −1.73 −10.50 0.06 2.79 0.05 2.38 0.05 −4.22 4.75
t-statc [1.37] [1.03] [1.29] [−0.04] [−0.23] [0.12] [0.90] [1.38] [−0.28] [−1.81] [1.59] [1.09] [1.36] [1.62] [1.16] [−0.76] [1.52]
t-statm [1.28] [1.01] [1.19] [−0.04] [−0.19] [0.11] [0.83] [1.30] [−0.26] [−1.57] [1.47] [1.03] [1.25] [1.58] [1.08] [−0.65] [1.32]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.02 5.94 0.00 −13.00 5.10 9.80 0.34 −0.02 4.81 −0.68 −0.01 1.87 −0.01 1.85 −0.02 −4.68 4.48
t-statc [−0.57] [1.35] [0.05] [−1.08] [0.63] [1.79] [0.03] [−0.63] [1.00] [−0.21] [−0.34] [0.76] [−0.39] [1.29] [−0.44] [−0.87] [1.41]
t-statm [−0.59] [1.35] [0.06] [−1.00] [0.59] [1.75] [0.03] [−0.64] [1.00] [−0.20] [−0.35] [0.75] [−0.41] [1.22] [−0.46] [−0.81] [1.27]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂LRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.15 9.18 −0.12 −16.67 12.48 6.55 0.03 −0.14 6.57 −4.20 −0.14 2.54 −0.13 2.95 −0.13 −11.90 9.75
t-statc [−5.31] [1.98] [−3.85] [−1.40] [1.69] [1.13] [0.00] [−4.97] [1.14] [−0.99] [−4.80] [0.99] [−4.46] [1.89] [−3.97] [−2.18] [2.86]
t-statm [−4.75] [1.89] [−3.43] [−1.09] [1.22] [0.99] [0.00] [−4.35] [1.00] [−0.80] [−4.69] [0.94] [−4.52] [1.73] [−4.23] [−1.63] [2.14]
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Table A.36: Rank tests – TRACE (duration adjusted). The table presents the various rank test results
for six beta-pricing models. The models include the two-factor model of BSW (MACRO) with the duration-adjusted
bond market factor, the two-factor model of HKM (HKMNT) with nontraded intermediary capital risk, the six-
factor liquidity risk models with the Pastor-Stambaugh (LIQPS) and the Amihud (LIQAM) illiquidity proxies, and
the seven-factor systematic volatility risk factor models with the Pastor-Stambaugh and the Amihud illiquidity proxies
(VOLPS and VOLAM, respectively). The models are estimated using monthly duration-adjusted bond returns on
the 25 size × maturity (Panel A) and the 30 Fama-French (FF) industry sorted portfolios (Panel B). The sample
period is 2004:08 to 2016:12 (149 months). p-values are reported in square brackets below the rank test statistics.

Panel A: 25 size × maturity Panel B: 30 FF industry

J1 J2 J3 J1 J2 J3

MACRO 78.38 78.10 2.83 92.66 97.88 2.79
[0.00] [0.00] [0.00] [0.00] [0.00] [0.00]

HKMNT 42.31 54.97 1.99 58.83 52.82 1.51
[0.01] [0.00] [0.01] [0.00] [0.00] [0.07]

LIQPS 24.37 23.91 1.05 16.12 17.42 0.58
[0.18] [0.20] [0.41] [0.88] [0.83] [0.94]

LIQAM 23.73 24.29 1.06 16.49 16.38 0.55
[0.21] [0.19] [0.40] [0.87] [0.87] [0.96]

VOLPS 23.73 22.68 1.11 11.33 10.14 0.37
[0.13] [0.16] [0.35] [0.97] [0.98] [1.00]

VOLAM 16.77 21.23 1.04 10.88 6.96 0.25
[0.47] [0.22] [0.42] [0.98] [1.00] [1.00]
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Table A.37: Price of beta risk – TRACE (duration adjusted). The table presents the estimation results of six beta-pricing models. The models
include the two-factor model of BSW (MACRO) with the duration-adjusted bond market factor, the two-factor model of HKM (HKMNT) with nontraded
intermediary capital risk, the six-factor liquidity risk models with the Pastor-Stambaugh (LIQPS) and the Amihud (LIQAM) illiquidity proxies, and the
seven-factor systematic volatility risk factor models with the Pastor-Stambaugh and the Amihud illiquidity proxies (VOLPS and VOLAM, respectively).
The models are estimated using monthly duration-adjusted bond returns on the 25 size × maturity (Panels A and C) and the 30 Fama-French (FF)
industry sorted portfolios (Panels B and D). The sample period is 2004:08 to 2016:12 (149 months). We report parameter estimates γ̂ (multiplied by
100), the t-ratios under correctly specified models that account for the EIV problem (t-statc), and the model misspecification-robust t-ratios (t-statm)
from Kan et al. (2013).

Panel A: 25 size × maturity (OLS) Panel B: 30 FF industry portfolios (OLS)

MACRO HKMNT MACRO HKMNT

γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL

Estimate 0.01 0.23 −0.68 0.08 0.91 −1.04 Estimate 0.08 0.16 −0.19 0.06 0.52 0.62
t-statc [0.03] [0.85] [−1.96] [0.44] [0.76] [−0.83] t-statc [0.51] [0.61] [−0.56] [0.66] [0.98] [0.46]
t-statm [0.04] [0.92] [−0.76] [0.45] [0.81] [−0.74] t-statm [0.51] [0.60] [−0.53] [0.65] [0.97] [0.48]

LIQPS LIQPS

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS

Estimate 0.27 0.76 0.79 1.22 −0.16 0.72 −1.00 Estimate 0.08 0.61 0.60 −0.19 0.01 −0.14 −0.26
t-statc [2.29] [0.95] [0.51] [1.15] [−0.75] [1.58] [−1.31] t-statc [1.01] [1.03] [0.64] [−0.27] [0.05] [−0.19] [−0.48]
t-statm [2.12] [0.90] [0.35] [0.66] [−0.52] [1.05] [−0.81] t-statm [0.85] [0.99] [0.49] [−0.30] [0.04] [−0.21] [−0.37]

LIQAM LIQAM

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM

Estimate 0.28 0.17 0.63 1.98 −0.08 0.97 −5.08 Estimate 0.09 0.87 0.92 −0.31 0.01 −0.53 −2.25
t-statc [2.08] [0.28] [0.46] [1.66] [−0.37] [2.06] [−1.02] t-statc [0.86] [1.25] [0.85] [−0.28] [0.03] [−0.63] [−0.48]
t-statm [1.98] [0.14] [0.29] [1.11] [−0.21] [1.65] [−0.94] t-statm [0.77] [1.28] [0.66] [−0.32] [0.03] [−0.48] [−0.37]

VOLPS VOLPS

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂V IX γ̂V IXt−1

Estimate 0.23 0.70 0.32 0.53 −0.24 0.61 −0.73 0.30 −1.30 Estimate 0.06 1.01 1.44 −0.42 0.02 −0.61 −0.23 0.26 −0.25
t-statc [3.32] [1.42] [0.45] [0.75] [−1.12] [1.39] [−1.06] [0.36] [−0.85] t-statc [0.68] [1.20] [1.13] [−0.34] [0.05] [−0.56] [−0.39] [0.31] [−0.18]
t-statm [1.33] [0.48] [0.10] [0.23] [−0.49] [1.01] [−0.72] [0.17] [−0.46] t-statm [0.63] [1.30] [1.10] [−0.38] [0.05] [−0.55] [−0.35] [0.30] [−0.16]

VOLAM VOLAM

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂V IX γ̂V IXt−1

Estimate 0.21 0.86 1.61 0.55 −0.39 0.96 −3.34 1.38 −2.12 Estimate 0.05 1.03 1.41 −0.33 0.04 −0.6 −0.93 0.23 −0.17
t-statc [3.08] [1.44] [1.91] [0.58] [−1.53] [1.70] [−0.86] [1.35] [−1.22] t-statc [0.51] [1.45] [0.98] [−0.26] [0.09] [−0.41] [−0.14] [0.18] [−0.11]
t-statm [1.18] [0.67] [0.59] [0.22] [−0.84] [1.33] [−0.61] [0.77] [−0.76] t-statm [0.47] [1.49] [1.04] [−0.27] [0.09] [−0.39] [−0.13] [0.18] [−0.10]
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Table A.37 (Cont’d): Price of beta risk – TRACE (duration adjusted).

Panel C: 25 size × maturity (GLS) Panel D: 30 FF industry portfolios (GLS)

MACRO HKMNT MACRO HKMNT

γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL

Estimate 0.17 0.06 −0.69 0.19 0.34 −0.39 Estimate 0.05 0.18 −0.05 0.04 0.34 1.61
t-statc [4.93] [0.32] [−2.47] [6.28] [0.78] [−0.51] t-statc [1.26] [1.08] [−0.20] [0.96] [0.83] [2.17]
t-statm [4.33] [0.32] [−2.10] [5.57] [0.74] [−0.47] t-statm [1.20] [1.07] [−0.18] [0.91] [0.75] [2.18]

LIQPS LIQPS

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS

Estimate 0.19 0.39 0.88 0.11 −0.12 0.29 −0.55 Estimate 0.05 0.44 0.14 0.31 0.29 −1.24 −0.44
t-statc [5.58] [0.87] [1.73] [0.25] [−0.62] [0.87] [−1.30] t-statc [1.25] [1.11] [0.26] [0.71] [1.51] [−2.55] [−1.16]
t-statm [4.90] [0.82] [1.19] [0.22] [−0.59] [0.87] [−1.16] t-statm [1.20] [1.05] [0.21] [0.61] [1.52] [−2.22] [−1.07]

LIQAM LIQAM

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM

Estimate 0.18 0.35 0.92 0.24 −0.12 0.33 0.68 Estimate 0.06 0.56 0.17 0.16 0.26 −1.23 −1.60
t-statc [5.29] [0.74] [1.83] [0.51] [−0.60] [0.98] [0.25] t-statc [1.48] [1.19] [0.27] [0.34] [1.30] [−2.01] [−0.49]
t-statm [4.61] [0.69] [1.28] [0.41] [−0.57] [0.94] [0.23] t-statm [1.36] [1.11] [0.23] [0.29] [1.28] [−1.62] [−0.38]

VOLPS VOLPS

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂PS γ̂V IX γ̂V IXt−1

Estimate 0.18 0.35 0.83 0.12 −0.12 0.32 −0.54 −0.07 −0.50 Estimate 0.06 0.59 0.21 0.44 0.35 −1.59 −0.45 −0.07 0.18
t-statc [5.30] [0.80] [1.58] [0.28] [−0.62] [0.99] [−1.23] [−0.12] [−0.75] t-statc [1.33] [1.26] [0.27] [0.89] [1.67] [−2.84] [−1.14] [−0.15] [0.20]
t-statm [4.69] [0.72] [1.10] [0.24] [−0.59] [0.98] [−1.08] [−0.11] [−0.59] t-statm [1.27] [1.17] [0.22] [0.70] [1.56] [−2.37] [−1.05] [−0.13] [0.16]

VOLAM VOLAM

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂AM γ̂V IX γ̂V IXt−1

Estimate 0.18 0.36 0.92 0.28 −0.14 0.38 0.57 0.07 −0.57 Estimate 0.07 0.69 −0.03 0.43 0.39 −1.82 −3.76 −0.41 0.58
t-statc [5.30] [0.79] [1.74] [0.55] [−0.68] [1.09] [0.20] [0.11] [−0.88] t-statc [1.32] [1.40] [−0.04] [0.78] [1.65] [−2.78] [−1.09] [−0.61] [0.56]
t-statm [4.64] [0.70] [1.22] [0.43] [−0.64] [1.01] [0.19] [0.09] [−0.64] t-statm [1.26] [1.28] [−0.03] [0.60] [1.42] [−1.91] [−0.75] [−0.49] [0.41]
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Table A.38: Portfolio sorts – contemporaneous returns – TRACE (duration adjusted). Each
panel reports the average contemporaneous duration-adjusted quintile portfolio returns sorted from low to high on
the respective factor betas available in month t. Factor betas are estimated by regressing bond duration-adjusted
returns on factor returns over fixed 36-month rolling windows, with a minimum of 24 months required to include
the coefficient estimate in the sample. The bond factors are constructed with duration-adjusted returns. The factor
betas are estimated jointly for each model. t-statistics (in square brackets) are based on NW standard errors with
three lags. The sample period runs from 2004:08 to 2016:12 (149 months). After computing the rolling betas, the
sample spans the period 2006:08 to 2016:12 (125 months).

Panel A: CAPMB

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.15 0.16 0.19 0.35 0.80 0.65
t-statnw [3.24] [1.52] [1.08] [1.11] [0.97] [0.83]

Panel B: BBW

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.65 0.16 0.20 0.25 0.37 −0.27
t-statnw [1.41] [1.26] [1.15] [1.11] [0.98] [−0.96]

DRF
Ave. Return 0.49 0.24 0.14 0.11 0.60 0.11
t-statnw [1.32] [1.24] [1.00] [0.52] [1.21] [0.33]

CRF
Ave. Return 0.37 0.18 0.14 0.21 0.75 0.38
t-statnw [1.35] [1.26] [1.05] [0.86] [1.11] [0.74]

LRF
Ave. Return 0.48 0.15 0.14 0.21 0.59 0.12
t-statnw [1.42] [0.89] [0.98] [0.95] [1.08] [0.31]

Panel C: DEFTERM

Low 2 3 4 High High-Low

DEF
Ave. Return 0.23 0.17 0.2 0.28 0.72 0.48
t-statnw [2.07] [1.38] [1.04] [0.93] [1.09] [0.82]

TERM
Ave. Return 0.44 0.27 0.18 0.15 0.55 0.11
t-statnw [1.00] [1.11] [1.20] [1.00] [1.29] [0.37]

Panel D: CAPM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.29 0.16 0.18 0.31 0.62 0.32
t-statnw [2.54] [1.48] [0.95] [0.93] [0.73] [0.38]

Panel E: HKMSF

Low 2 3 4 High High-Low

CPTLT
Ave. Return 0.38 0.18 0.19 0.26 0.49 0.11
t-statnw [2.18] [1.71] [0.97] [0.72] [0.56] [0.12]

Panel F: HKM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.47 0.15 0.14 0.20 0.67 0.20
t-statnw [1.85] [1.17] [0.84] [0.78] [1.14] [0.46]

CPTLT
Ave. Return 0.61 0.18 0.13 0.18 0.43 −0.19
t-statnw [1.76] [1.14] [0.86] [0.66] [0.59] [−0.27]
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Table A.39: Portfolio sorts – one-month ahead returns – TRACE (duration adjusted). Each panel
reports the average one-month ahead (t+ 1) duration-adjusted quintile portfolio returns sorted from low to high on
the respective factor betas available in month t. Factor betas are estimated by regressing bond excess returns on
factor returns over fixed 36-month rolling windows, with a minimum of 24 months required to include the coefficient
estimate in the sample. The bond factors are constructed with duration-adjusted returns. The factor betas are
estimated jointly for each model. t-statistics (in square brackets) are based on NW standard errors with three lags.
The sample period runs from 2004:08 to 2016:12 (149 months). After computing the rolling betas, the sample spans
the period 2006:08 to 2016:12 (125 months).

Panel A: CAPMB

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.11 0.13 0.17 0.32 0.91 0.80
t-statnw [1.18] [0.88] [0.72] [1.07] [1.49] [1.49]

Panel B: BBW

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.60 0.13 0.16 0.24 0.50 −0.10
t-statnw [1.46] [0.93] [0.86] [1.07] [1.40] [−0.70]

DRF
Ave. Return 0.52 0.26 0.14 0.15 0.48 −0.04
t-statnw [1.54] [1.44] [1.06] [0.74] [1.00] [−0.17]

CRF
Ave. Return 0.39 0.13 0.12 0.20 0.80 0.41
t-statnw [1.46] [0.77] [0.87] [0.81] [1.37] [1.15]

LRF
Ave. Return 0.36 0.15 0.14 0.25 0.71 0.35
t-statnw [0.90] [0.87] [1.08] [1.16] [1.58] [1.50]

Panel C: DEFTERM

Low 2 3 4 High High-Low

DEF
Ave. Return 0.26 0.13 0.17 0.24 0.72 0.46
t-statnw [1.88] [0.94] [0.76] [0.85] [1.37] [1.12]

TERM
Ave. Return 0.55 0.23 0.17 0.12 0.49 −0.06
t-statnw [1.13] [0.91] [1.06] [0.78] [1.37] [−0.19]

Panel D: CAPM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.12 0.10 0.14 0.37 0.91 0.78
t-statnw [1.02] [0.76] [0.67] [1.23] [1.45] [1.50]

Panel E: HKMSF

Low 2 3 4 High High-Low

CPTLT
Ave. Return 0.16 0.11 0.18 0.35 0.85 0.69
t-statnw [1.15] [0.84] [0.92] [1.16] [1.32] [1.32]

Panel F: HKM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.44 0.11 0.13 0.22 0.69 0.25
t-statnw [2.18] [0.74] [0.68] [0.81] [1.31] [0.68]

CPTLT
Ave. Return 0.45 0.14 0.15 0.22 0.65 0.20
t-statnw [1.44] [0.81] [0.98] [0.99] [1.28] [0.73]
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Table A.40: Fama-MacBeth estimates and t-statistics of the zero-beta rate and risk premia – TRACE (duration adjusted). The
table presents the estimation results for six beta-pricing models. The bond factors are computed with duration-adjusted returns. The models include
the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the four-factor model of Bai
et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk and
term structure factors of Fama and French (1993, DEFTERM). The models are estimated using cross-sectional Fama-MacBeth regressions of individual
corporate bond duration-adjusted returns on estimated factor betas. We report parameter estimates γ̂ (multiplied by 100), and the NW t-ratios with
three lags. Factor betas are estimated by regressing bond duration-adjusted returns on factor returns over fixed 36-month rolling windows, with a
minimum of 24 months required to include the coefficient estimate in the sample. The factor betas are estimated jointly for each model. Panel A presents
results for contemporaneous returns, and Panel B for one-month ahead returns. Panels A and B are based on the sample period 2004:08 to 2016:12 (149
months). After computing the rolling betas, the sample spans the period 2006:08 to 2016:12 (125 months).

Panel A: Contemporaneous returns Panel B: One-month ahead returns

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂MKTB 0.16 0.22 γ̂MKTB 0.30 0.15
[0.54] [0.71] [1.43] [0.51]

γ̂DRF 0.30 γ̂DRF 0.11
[1.32] [0.81]

γ̂CRF 0.05 γ̂CRF 0.26
[0.19] [1.69]

γ̂LRF 0.23 γ̂LRF 0.22
[1.61] [2.23]

γ̂DEF 0.17 γ̂DEF 0.22
[0.66] [1.00]

γ̂TERM −0.19 γ̂TERM −0.20
[−0.53] [−0.64]

γ̂MKTS 0.19 0.23 γ̂MKTS 0.79 0.68
[0.24] [0.33] [1.40] [1.21]

γ̂CPTLT 0.01 −0.19 γ̂CPTLT 1.39 1.14
[0.00] [−0.14] [1.54] [1.44]

γ̂0 0.13 0.19 0.09 0.22 0.33 0.17 γ̂0 −0.01 0.17 0.06 −0.02 0.05 0.02
[1.24] [1.21] [0.86] [1.75] [2.03] [1.92] [−0.06] [1.08] [0.39] [−0.11] [0.26] [0.14]

Adj. R2 0.159 0.244 0.191 0.146 0.144 0.199 Adj. R2 0.108 0.122 0.112 0.091 0.085 0.105
Months 125 125 125 125 125 125 Months 125 125 125 125 125 125
Obs. 321,280 321,280 321,280 321,280 321,280 321,280 Obs. 321,280 321,280 321,280 321,280 321,280 321,280
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Table A.41: Estimated monthly risk premia for time-invariant models – TRACE (duration ad-
justed). The table reports the estimated monthly risk premia (in percent) and their 95% confidence intervals
for the six beta-pricing models estimated using the methodology of Gagliardini et al. (2016) using duration-adjusted
individual corporate bond test asset and factor returns. The reported risk premia have been bias adjusted. The
total number of bonds is given by n, the number of factors in each model is given by K, and the trimmed number
of bonds in the estimation is given by nχ for each factor model. The confidence intervals are constructed using the
HAC estimator as per the original authors. The trimming level for risk premia estimation is χ1,T = 15. The table is
based on the sample period 2004:08 to 2016:12 (T = 149 months).

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂MKTB 0.26 0.21
(−0.14,0.65) (−0.19,0.60)

γ̂DRF 0.37
(−0.23,0.98)

γ̂CRF 0.34
(−0.33,1.00)

γ̂LRF 0.22
(−0.09,0.53)

γ̂DEF 0.31
(−0.03,0.64)

γ̂TERM −0.27
(−0.76,0.22)

γ̂MKTS 0.77 0.75
(0.03,1.52) (0.01,1.50)

γ̂CPTLT 1.41 1.00
(0.09,2.73) (−0.32,2.32)

n 16,167 16,167 16,167 16,167 16,167 16,167
nχ 12,911 12,490 12,911 12,911 12,911 12,911
T 149 149 149 149 149 149
K 1 4 2 1 1 2

lxxi



Table A.42: Portfolio sorts for nontraded factor models. The table reports the contemporaneous (Panel A) and one-month ahead (Panel
B) average duration-adjusted quintile portfolio returns sorted from low to high on the respective factor betas available in month t. Factor betas are
estimated by regressing bond duration-adjusted returns on factor returns over fixed 36-month rolling windows, with a minimum of 24 months required
to include the coefficient estimate in the sample. The factor betas are estimated jointly for each model. t-statistics (in square brackets) are based on
NW standard errors with three lags. The sample period is 2004:08 to 2016:12 (149 months). After computing the rolling betas, the sample spans the
period 2006:08 to 2016:12 (125 months).

Panel A: Contemporaneous returns Panel B: One-month ahead returns
MACRO MACRO

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

UNC
0.36 0.16 0.14 0.22 0.58 0.22

UNC
0.79 0.26 0.14 0.13 0.29 −0.50

[0.47] [0.66] [1.06] [1.55] [1.93] [0.30] [1.62] [1.36] [1.07] [0.72] [0.84] [−2.37]

HKMNT HKMNT

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

CPTL
0.30 0.16 0.17 0.25 0.70 0.39

CPTL
0.29 0.10 0.13 0.25 0.88 0.58

[0.83] [0.89] [1.19] [1.17] [1.05] [0.65] [0.89] [0.51] [0.86] [1.28] [1.86] [2.38]

LIQPS LIQPS

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

PS
1.01 0.25 0.16 0.15 0.15 −0.85

PS
0.34 0.12 0.16 0.24 0.67 0.34

[2.00] [1.38] [1.21] [0.76] [0.31] [−1.59] [0.74] [0.61] [1.22] [1.28] [1.67] [1.39]

LIQAM LIQAM

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

AM
0.62 0.20 0.17 0.20 0.36 −0.26

AM
0.50 0.19 0.16 0.20 0.49 −0.01

[2.00] [1.34] [1.12] [0.73] [0.58] [−0.48] [1.45] [1.11] [1.08] [0.83] [1.10] [−0.04]

VOLPS VOLPS

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

VIX
0.67 0.24 0.23 0.15 0.33 −0.35

VIX
0.53 0.33 0.24 0.17 0.31 −0.22

[1.24] [0.86] [1.34] [1.04] [1.19] [−0.86] [1.16] [1.24] [1.36] [1.15] [1.07] [−0.98]

VOLAM VOLAM

Low 2 3 4 High High-Low Low 2 3 4 High High-Low

VIX
0.68 0.22 0.19 0.12 0.41 −0.27

VIX
0.64 0.31 0.16 0.16 0.32 −0.32

[1.40] [0.93] [1.16] [0.76] [1.19] [−0.89] [1.38] [1.35] [1.00] [1.09] [0.95] [−1.70]
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Table A.43: Fama-MacBeth estimates and t-statistics of the zero-beta rate and risk premia for nontraded factor models –
TRACE (duration adjusted). The table presents the estimation results for six beta-pricing models. The models include the two-factor model
of BSW (MACRO) with duration-adjusted MKTB, the two-factor model of HKM (HKMNT) with nontraded intermediary capital risk, the six-factor
liquidity risk models with the Pastor-Stambaugh (LIQPS) and the Amihud (LIQAM) illiquidity proxies, and the seven-factor systematic volatility risk
factor models (VOLPS and VOLAM). The models are estimated using cross-sectional Fama-MacBeth regressions of individual corporate bond duration-
adjusted returns on estimated factor betas. We report parameter estimates γ̂ (multiplied by 100) and the NW t-ratios with three lags. Factor betas are
estimated by regressing bond duration-adjusted returns on factor returns over fixed 36-month rolling windows, with a minimum of 24 months required
to include the coefficient estimate in the sample. The factor betas are estimated jointly for each model. Panel A presents results for contemporaneous
returns, and Panel B for one-month ahead returns. Panels A and B are based on the sample period 2004:08 to 2016:12 (149 months). After computing
the rolling betas, the sample spans the period 2006:08 to 2016:12 (125 months).

Panel A: Contemporaneous returns Panel B: One-month ahead returns

MACRO HKMNT LIQPS LIQAM VOLPS VOLAM MACRO HKMNT LIQPS LIQAM VOLPS VOLAM

γ̂MKTB 0.22 γ̂MKTB 0.31
[0.83] [1.45]

γ̂UNC 0.14 γ̂UNC −0.37
[0.26] [−1.77]

γ̂MKTS 0.12 0.18 0.23 0.14 0.21 γ̂MKTS 0.66 0.79 0.81 0.89 0.80
[0.16] [0.32] [0.41] [0.25] [0.38] [1.15] [1.48] [1.68] [1.69] [1.64]

γ̂CPTL 0.18 γ̂CPTL 1.44
[0.15] [1.93]

γ̂SMB 0.24 0.30 0.18 0.32 γ̂SMB −0.01 −0.10 0.02 0.03
[0.97] [1.19] [0.79] [1.48] [−0.03] [−0.50] [0.12] [0.14]

γ̂HML −0.30 −0.17 −0.26 −0.16 γ̂HML 0.13 −0.01 0.06 0.07
[−0.79] [−0.61] [−0.75] [−0.51] [0.55] [−0.06] [0.27] [0.34]

γ̂DEF 0.14 0.20 0.05 0.14 γ̂DEF 0.23 0.25 0.22 0.23
[0.58] [0.92] [0.22] [0.69] [1.00] [1.24] [1.03] [1.22]

γ̂TERM 0.00 −0.07 0.09 0.06 γ̂TERM −0.21 −0.23 −0.17 −0.19
[0.01] [−0.22] [0.29] [0.20] [−0.74] [−0.82] [−0.58] [−0.68]

γ̂PS −5.90 −5.19 γ̂PS 2.89 3.23
[−1.67] [−1.5] [1.25] [1.46]

γ̂AM 1.79 2.14 γ̂AM 0.16 0.13
[0.66] [0.76] [0.12] [0.10]

γ̂V IX −0.28 −0.26 γ̂V IX −0.42 −0.35
[−0.72] [−0.65] [−1.87] [−1.74]

γ̂0 0.37 0.44 0.39 0.34 0.35 0.31 γ̂0 0.28 0.40 0.29 0.29 0.29 0.30
[3.99] [4.55] [5.63] [4.58] [5.75] [4.41] [1.85] [2.43] [2.08] [1.92] [2.11] [2.04]

Adj. R2 0.198 0.178 0.332 0.367 0.354 0.357 Adj. R2 0.120 0.101 0.168 0.182 0.175 0.179
Months 125 125 125 125 125 125 Months 125 125 125 125 125 125
Obs. 321,280 321,280 321,280 321,280 321,280 321,280 Obs. 321,280 321,280 321,280 321,280 321,280 321,280
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Table A.44: Estimated monthly risk premia for time-invariant nontraded factor models – TRACE
(duration adjusted). The table reports the estimated monthly risk premia (in percent) and their 95% confidence
intervals for the six nontraded beta-pricing models estimated using the methodology of Gagliardini et al. (2016)
using duration-adjusted individual corporate bond test asset and factor returns. The reported risk premia have been
bias adjusted. The total number of bonds is given by n, the number of factors in each model is given by K, and
the trimmed number of bonds in the estimation is given by nχ for each factor model. The confidence intervals are
constructed using the HAC estimator as per the original authors. The trimming level for risk premia estimation is
χ1,T = 15. The table is based on the sample period 2004:08 to 2016:12 (T = 149 months).

MACRO HKMNT LIQPS LIQAM VOLPS VOLAM

γ̂MKTB 0.53
(0.17,0.88)

γ̂UNC −0.11
(−0.62,0.40)

γ̂MKTS 1.84 1.12 0.86 0.85 0.74
(1.10,2.59) (0.38,1.87) (0.12,1.61) (0.10,1.59) (0.00,1.49)

γ̂CPTL 0.10
(−1.17,1.38)

γ̂SMB 0.36 0.22 0.24 0.18
(0.01,0.71) (−0.13,0.57) (−0.11,0.59) (−0.17,0.53)

γ̂HML −0.49 −0.39 −0.45 −0.49
(−0.92,−0.06) (−0.83,0.04) (−0.88,−0.02) (−0.92,−0.05)

γ̂DEF 0.20 0.12 0.19 0.09
(−0.13,0.54) (−0.22,0.45) (−0.15,0.52) (−0.24,0.43)

γ̂TERM 0.46 0.55 0.48 0.58
(−0.02,0.95) (0.06,1.03) (−0.01,0.97) (0.09,1.06)

γ̂PS −0.43 0.22
(−5.61,4.75) (−4.96,5.40)

γ̂AM 4.51 4.37
(−0.16,9.17) (−0.29,9.03)

γ̂V IX −0.95 −0.68
(−1.61,−0.28) (−1.35,−0.01)

γ̂V IXt−1
−0.28 −0.27

(−0.95,0.39) (−0.94,0.39)

n 16,167 16,167 16,167 16,167 16,167 16,167
nχ 12,911 12,911 12,911 12,911 12,872 12,810
T 149 149 149 149 149 149
K 2 2 6 6 8 8
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Table A.45: Summary statistics – Extended TRACE (duration adjusted). Panel A reports factor
means (“Mean”), the single-factor bond market alphas (“Alpha”), the bias-adjusted factor squared Sharpe ratios
(Sh2), and the standard deviations (SD) computed using the extended Enhanced TRACE database for the duration-
adjusted bond market factor (MKTB), downside risk factor (DRF ), and credit risk factor (CRF ). The additional
factors include the default risk factor (DEF ), the term structure factor (TERM ), the stock market factor (MKTS),
and the traded version of the HKM intermediary capital risk factor (CPTLT ). Panel B reports the model squared
Sharpe ratios for the BBW three-factor model, the DEFTERM two-factor model, and the HKM two-factor model.
Panel C reports the factor correlations. Panels A–C are based on the sample period 1986:01 to 2021:12 (432 months).
p-values are in square brackets.

Panel A: Factor summary statistics and squared Sharpe ratios

MKTB DRF CRF DEF TERM MKTS CPTLT

Mean 0.155 0.302 0.354 0.011 0.438 0.760 0.790
[0.045] [0.017] [0.000] [0.887] [0.002] [0.000] [0.014]

Alpha 0.086 0.212 −0.125 0.567 0.536 0.478
[0.252] [0.014] [0.005] [0.000] [0.004] [0.097]

Sh2 0.007 0.011 0.026 −0.002 0.020 0.026 0.012
[0.084] [0.032] [0.001] [1.000] [0.004] [0.001] [0.026]

SD 1.614 2.645 2.110 1.668 2.959 4.479 6.707

Panel B: Model squared Sharpe ratios

BBW DEFTERM HKM

Sh2 0.030 0.027 0.025
[0.005] [0.003] [0.004]

Panel C: Factor correlations

MKTB DRF CRF DEF TERM MKTS CPTLT

MKTB 1 0.847 0.695 0.846 −0.450 0.519 0.484
DRF 1 0.514 0.741 −0.344 0.478 0.468
CRF 1 0.393 −0.331 0.485 0.471
DEF 1 −0.520 0.368 0.365
TERM 1 −0.100 −0.157
MKTS 1 0.822
CPTLT 1

lxxv



Table A.46: Tests of equality of squared Sharpe ratios – Extended TRACE (duration adjusted).
Panel A reports the differences in bias-adjusted sample squared Sharpe ratios between the six asset pricing models.
The differences are computed between the squared Sharpe ratios in row i and column j. The models include the
CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM),
the three-factor model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model
of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French (1993,
DEFTERM). Panel B reports the associated p-values. Panel C reports a conditional heteroskedastic version of the
GRS test with p-values in square brackets. In the computation of the GRS test, we employ the monthly duration-
adjusted returns on the 25 size × maturity, 30 Fama-French (FF) industry, 25 size × rating, and 25 credit spread
sorted portfolios. We drop the coal industry classification because there are not any bonds issued by coal companies
in the sample prior to 1997. Panels A–C are based on the sample period 1986:01 to 2021:12 (432 months). N and T
represent the number of assets and time series observations, respectively.

Panel A: Differences in sample squared Sharpe ratios.

CAPM HKMSF HKM DEFTERM BBW

CAPMB −0.019 −0.005 −0.018 −0.020 −0.023
CAPM 0.015 0.001 −0.000 −0.004
HKMSF −0.014 −0.015 −0.018
HKM −0.001 −0.004
DEFTERM −0.003

Panel B: p-values

CAPM HKMSF HKM DEFTERM BBW

CAPMB 0.192 0.673 0.229 0.302 0.006
CAPM 0.140 0.428 0.986 0.860
HKMSF 0.010 0.440 0.305
HKM 0.952 0.828
DEFTERM 0.909

Panel C: GRS test

25 size × maturity 30 industry 25 size × rating 25 credit spread

CAPMB 2.280 0.812 1.679 1.687
[0.001] [0.747] [0.023] [0.022]

BBW 2.421 1.194 1.619 1.689
[0.000] [0.228] [0.032] [0.021]

CAPM 2.412 0.605 1.776 1.488
[0.000] [0.950] [0.013] [0.063]

HKMSF 2.386 0.632 1.740 1.763
[0.000] [0.933] [0.016] [0.014]

HKM 2.408 0.624 1.807 1.535
[0.000] [0.938] [0.011] [0.049]

DEFTERM 2.502 1.200 3.499 3.050
[0.000] [0.222] [0.000] [0.000]

N 25 29 25 25
T 432 432 432 432
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Table A.47: Sample cross-sectional R2s and specification tests of the models – Extended TRACE (duration adjusted). The
table presents the sample OLS and GLS cross-sectional R2 (ρ̂2) and the generalized CSRT (Q̂c) of six beta-pricing models. The
bond factor and test asset returns are duration adjusted. The models include the CAPM with the corporate bond market factor
(CAPMB), the equity CAPM with the stock market factor (CAPM), the three-factor model of Bai et al. (2019, BBW), the
single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk and
term structure factors of Fama and French (1993, DEFTERM). The models are estimated using monthly duration-adjusted bond
returns on the 25 size × maturity and the 30 Fama-French (FF) industry sorted portfolios (Panels A and C for OLS and GLS,
respectively), and the 25 size × rating and 25 credit spread sorted portfolios (Panels B and D for OLS and GLS, respectively).
We drop the coal industry classification because there are not any bonds issued by coal companies in the sample prior to 1997.
The sample period is 1986:01 to 2021:12 (432 months). p(ρ2 =1) is the p-value for the test of H0 : ρ2 = 1. p(ρ2 = 0) is the
p-value for the test of H0 : ρ2 = 0. se(ρ̂2) is the standard error of ρ̂2 under the assumption that 0 < ρ2 < 1. p(Qc = 0) is the
p-value for the approximate F -test of H0 : Qc = 0. No. of param. is the number of parameters in the model.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.126 0.731 0.371 0.005 0.012 0.166 0.525 0.655 0.454 0.521 0.541 0.542
p(ρ2 =1) 0.144 0.477 0.076 0.187 0.190 0.437 0.990 0.994 0.968 0.992 0.994 0.989
p(ρ2 =0) 0.604 0.326 0.599 0.891 0.841 0.874 0.093 0.135 0.246 0.098 0.104 0.246
se(ρ̂2) 0.392 0.225 0.545 0.072 0.118 0.964 0.321 0.305 0.332 0.353 0.378 0.382

Q̂c 0.083 0.066 0.084 0.082 0.082 0.070 0.038 0.036 0.037 0.033 0.032 0.032
p(Qc=0) 0.075 0.180 0.052 0.079 0.081 0.164 0.964 0.950 0.953 0.985 0.989 0.984
No. of param. 2 4 3 2 2 3 2 4 3 2 2 3

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.841 0.923 0.842 0.717 0.767 0.810 0.895 0.985 0.858 0.929 0.918 0.969
p(ρ2 =1) 0.246 0.216 0.156 0.122 0.198 0.378 0.013 0.543 0.004 0.096 0.084 0.961
p(ρ2 =0) 0.001 0.002 0.009 0.001 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000
se(ρ̂2) 0.120 0.061 0.109 0.156 0.165 0.216 0.067 0.018 0.068 0.066 0.069 0.075

Q̂c 0.093 0.081 0.089 0.098 0.089 0.074 0.067 0.052 0.073 0.056 0.057 0.016
p(Qc=0) 0.031 0.050 0.032 0.019 0.044 0.122 0.247 0.440 0.137 0.461 0.447 0.999
No. of param. 2 4 3 2 2 3 2 4 3 2 2 3
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Table A.47 (Cont’d): Sample cross-sectional R2s and specification tests of the models – Extended TRACE (duration adjusted).

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.004 0.123 0.028 0.000 0.003 0.023 0.064 0.174 0.034 0.145 0.160 0.160
p(ρ2 =1) 0.048 0.094 0.043 0.046 0.050 0.052 0.954 0.947 0.927 0.981 0.984 0.977
p(ρ2 =0) 0.705 0.266 0.632 0.995 0.772 0.715 0.303 0.420 0.760 0.116 0.115 0.338
se(ρ̂2) 0.020 0.116 0.054 0.000 0.017 0.056 0.113 0.169 0.084 0.167 0.182 0.182

Q̂c 0.083 0.071 0.082 0.082 0.082 0.080 0.038 0.035 0.038 0.034 0.032 0.032
p(Qc=0) 0.078 0.124 0.061 0.079 0.081 0.074 0.964 0.953 0.945 0.984 0.988 0.982
No. of param. 2 4 3 2 2 3 2 4 3 2 2 3

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

ρ̂2 0.062 0.266 0.106 0.007 0.027 0.074 0.184 0.339 0.172 0.265 0.287 0.288
p(ρ2 =1) 0.008 0.063 0.012 0.001 0.003 0.009 0.105 0.160 0.078 0.291 0.331 0.300
p(ρ2 =0) 0.069 0.014 0.078 0.557 0.277 0.235 0.006 0.009 0.056 0.002 0.001 0.030
se(ρ̂2) 0.068 0.127 0.091 0.024 0.048 0.087 0.129 0.140 0.117 0.155 0.150 0.149

Q̂c 0.103 0.082 0.098 0.115 0.108 0.101 0.070 0.064 0.080 0.060 0.061 0.062
p(Qc=0) 0.012 0.046 0.014 0.004 0.007 0.011 0.201 0.211 0.077 0.376 0.362 0.298
No. of param. 2 4 3 2 2 3 2 4 3 2 2 3
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Table A.48: Tests of equality of cross-sectional R2s – Extended TRACE (duration adjusted). The table presents pairwise tests of
equality of the OLS and GLS cross-sectional R2s for six beta-pricing models. The BBW bond factors and the test asset returns are duration adjusted. The
models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the three-factor
model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with
default risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using monthly duration-adjusted bond returns
on the 25 size × maturity and the 30 Fama-French (FF) industry sorted portfolios (Panels A and C for OLS and GLS, respectively), and the 25 size ×
rating and 25 credit spread sorted portfolios (Panels B and D for OLS and GLS, respectively). We drop the coal industry classification because there are
not any bonds issued by coal companies in the sample prior to 1997. The sample period is 1986:01 to 2021:12 (432 months). We report the difference
between the sample cross-sectional R2s of the models in row i and column j, ρ2i − ρ2j , and the associated p-value (in square brackets) for the test of

H0 : ρ2i = ρ2j . The p-values are computed under the assumption that the models are potentially misspecified.

Panel A: 25 size × maturity and 30 FF industry portfolios (OLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.605 −0.245 0.121 0.114 −0.040 −0.130 0.071 0.005 −0.016 −0.016
[0.205] [0.549] [0.709] [0.698] [0.970] [0.490] [0.507] [0.981] [0.945] [0.946]

BBW 0.360 0.726 0.719 0.565 0.201 0.135 0.114 0.114
[0.488] [0.001] [0.000] [0.525] [0.433] [0.625] [0.648] [0.648]

DEFTERM 0.366 0.359 0.205 −0.067 −0.087 −0.088
[0.479] [0.491] [0.877] [0.791] [0.761] [0.766]

CAPM −0.007 −0.161 −0.021 −0.021
[0.887] [0.699] [0.855] [0.746]

HKMSF −0.154 −0.000
[0.711] [0.966]

Panel B: 25 size × rating and 25 credit spread portfolios (OLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.082 −0.000 0.124 0.074 0.031 −0.090 0.037 −0.034 −0.023 −0.074
[0.275] [0.993] [0.402] [0.662] [0.896] [0.109] [0.443] [0.223] [0.555] [0.210]

BBW 0.081 0.206 0.156 0.113 0.127 0.056 0.067 0.016
[0.365] [0.110] [0.238] [0.538] [0.065] [0.381] [0.318] [0.825]

DEFTERM 0.124 0.074 0.032 −0.071 −0.060 −0.111
[0.345] [0.590] [0.871] [0.230] [0.367] [0.127]

CAPM −0.050 −0.093 0.011 −0.040
[0.404] [0.209] [0.606] [0.337]

HKMSF −0.043 −0.051
[0.402] [0.265]

lx
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Table A.48 (Cont’d): Tests of equality of cross-sectional R2s – TRACE (duration adjusted).

Panel C: 25 size × maturity and 30 FF industry portfolios (GLS)

25 size × maturity 30 FF industry

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.119 −0.024 0.004 0.001 −0.019 −0.110 0.030 −0.081 −0.096 −0.096
[0.140] [0.655] [0.838] [0.917] [0.748] [0.367] [0.525] [0.474] [0.471] [0.472]

BBW 0.095 0.123 0.120 0.100 0.140 0.029 0.014 0.014
[0.476] [0.290] [0.279] [0.398] [0.382] [0.849] [0.925] [0.925]

DEFTERM 0.028 0.025 0.005 −0.111 −0.125 −0.125
[0.604] [0.638] [0.951] [0.415] [0.406] [0.406]

CAPM −0.003 −0.023 −0.014 −0.014
[0.876] [0.438] [0.834] [0.688]

HKMSF −0.020 −0.000
[0.467] [0.998]

Panel D: 25 size × rating and 25 credit spread portfolios (GLS)

25 size × rating 25 credit spread

BBW DEFTERM CAPM HKMSF HKM BBW DEFTERM CAPM HKMSF HKM

CAPMB −0.203 −0.043 0.055 0.035 −0.011 −0.155 0.012 −0.080 −0.103 −0.104
[0.057] [0.584] [0.305] [0.510] [0.913] [0.062] [0.874] [0.407] [0.353] [0.371]

BBW 0.160 0.259 0.238 0.192 0.167 0.074 0.052 0.051
[0.209] [0.024] [0.025] [0.148] [0.228] [0.646] [0.756] [0.763]

DEFTERM 0.098 0.078 0.032 −0.093 −0.115 −0.116
[0.257] [0.380] [0.787] [0.514] [0.408] [0.406]

CAPM −0.020 −0.067 −0.023 −0.023
[0.467] [0.132] [0.691] [0.504]

HKMSF −0.046 −0.001
[0.197] [0.903]

lx
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Table A.49: Price of beta risk – Extended TRACE (duration adjusted). The table presents the estimation results for six beta-pricing
models. The BBW bond factors and the test asset returns are duration adjusted. The models include the CAPM with the corporate bond market
factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the three-factor model of Bai et al. (2019, BBW), the single-factor model
of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French
(1993, DEFTERM). The models are estimated using monthly duration-adjusted bond returns on the 25 size × maturity sorted portfolios (Panels A and
E for OLS and GLS, respectively), the 30 Fama-French (FF) industry sorted portfolios (Panels B and F for OLS and GLS, respectively), the 25 size
× rating sorted portfolios (Panels C and G for OLS and GLS, respectively), and the 25 credit spread sorted portfolios (Panels D and H for OLS and
GLS, respectively). We drop the coal industry classification because there are not any bonds issued by coal companies in the sample prior to 1997. The
sample period is 1986:01 to 2021:12 (432 months). We report parameter estimates γ̂ (multiplied by 100), the t-ratios under correctly specified models
that account for the EIV problem (t-statc), and the model misspecification-robust t-ratios (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.13 0.06 0.18 −0.02 0.24 0.22 0.13 0.07 0.32 0.18 0.07 0.17 0.15 0.22 −0.60 1.04
t-statc [2.52] [0.59] [4.89] [−0.17] [0.97] [1.78] [2.53] [0.73] [1.17] [4.95] [0.14] [4.89] [0.21] [4.88] [−1.12] [1.00]
t-statm [2.05] [0.53] [5.25] [−0.17] [0.99] [1.79] [2.39] [0.71] [1.07] [4.36] [0.14] [4.06] [0.20] [1.79] [−0.30] [0.45]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.00 0.18 0.10 0.05 0.19 0.23 −0.00 0.21 −0.38 0.04 0.71 0.04 1.10 0.04 0.58 1.13
t-statc [−0.07] [1.72] [1.27] [0.47] [1.06] [1.83] [−0.01] [1.44] [−0.93] [0.58] [1.57] [0.58] [1.60] [0.62] [1.12] [1.31]
t-statm [−0.07] [1.69] [1.14] [0.42] [1.00] [1.85] [−0.01] [1.38] [−0.90] [0.57] [1.55] [0.56] [1.57] [0.61] [1.02] [1.13]

Panel C: 25 size × rating portfolios (OLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.18 0.33 0.08 0.08 0.39 0.31 −0.26 0.49 −0.89 −0.10 1.42 −0.10 2.25 −0.07 0.72 3.12
t-statc [−2.22] [3.39] [0.96] [0.76] [1.64] [2.72] [−2.15] [2.58] [−1.76] [−1.41] [2.99] [−1.35] [2.90] [−0.89] [1.52] [2.27]
t-statm [−2.33] [3.38] [0.59] [0.54] [1.51] [2.72] [−2.33] [2.64] [−1.37] [−1.41] [3.01] [−1.39] [3.03] [−0.81] [0.84] [2.52]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.21 0.36 0.00 0.13 0.87 −0.14 −0.22 0.44 −1.17 −0.18 1.74 −0.17 2.75 −0.19 3.40 −2.59
t-statc [−3.43] [3.96] [0.00] [1.33] [2.42] [−0.48] [−2.86] [2.91] [−2.36] [−2.80] [3.39] [−2.84] [3.37] [−1.39] [1.43] [−0.34]
t-statm [−3.51] [4.02] [0.00] [1.34] [2.62] [−0.53] [−2.74] [2.79] [−1.87] [−2.94] [3.43] [−2.97] [3.41] [−1.48] [1.78] [−0.48]
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Table A.49 (Cont’d): Price of beta risk – Extended TRACE (duration adjusted).

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.13 0.03 0.13 0.02 0.14 0.18 0.12 0.03 0.16 0.13 0.00 0.13 0.16 0.13 −0.08 0.38
t-statc [5.30] [0.38] [5.58] [0.28] [0.99] [1.58] [5.12] [0.34] [0.77] [5.66] [0.01] [5.62] [0.30] [5.74] [−0.22] [0.65]
t-statm [5.16] [0.38] [5.41] [0.28] [0.95] [1.50] [4.86] [0.34] [0.73] [5.38] [0.01] [5.39] [0.29] [5.33] [−0.21] [0.60]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.07 0.09 0.11 0.05 0.18 0.16 0.07 0.08 −0.13 0.07 0.54 0.07 0.90 0.07 0.49 0.90
t-statc [1.75] [1.06] [2.21] [0.54] [1.22] [1.45] [1.74] [0.74] [−0.44] [1.90] [1.52] [1.74] [1.61] [1.73] [1.31] [1.43]
t-statm [1.71] [1.04] [2.10] [0.52] [1.18] [1.46] [1.67] [0.72] [−0.43] [1.87] [1.51] [1.69] [1.54] [1.65] [1.29] [1.23]

Panel G: 25 size × rating portfolios (GLS)

Bond Market BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate 0.01 0.15 0.07 0.08 0.22 0.34 −0.01 0.17 −0.50 0.02 0.21 0.02 0.62 0.02 0.02 0.97
t-statc [0.23] [1.76] [2.14] [0.97] [1.46] [3.24] [−0.31] [1.67] [−2.09] [0.87] [0.60] [0.73] [1.19] [0.50] [0.06] [1.46]
t-statm [0.23] [1.79] [1.99] [1.00] [1.35] [3.08] [−0.30] [1.66] [−2.00] [0.84] [0.58] [0.69] [1.08] [0.47] [0.06] [1.46]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂0 γ̂MKTB γ̂0 γ̂MKTB γ̂DRF γ̂CRF γ̂0 γ̂DEF γ̂TERM γ̂0 γ̂MKTS γ̂0 γ̂CPTLT γ̂0 γ̂MKTS γ̂CPTLT

Estimate −0.08 0.23 −0.05 0.20 0.51 0.24 −0.07 0.23 −0.48 −0.07 1.23 −0.07 1.98 −0.07 1.04 2.06
t-statc [−3.63] [2.87] [−2.24] [2.40] [3.56] [2.14] [−3.14] [2.46] [−1.87] [−3.21] [3.15] [−2.98] [3.27] [−2.88] [2.40] [2.88]
t-statm [−3.36] [2.75] [−1.84] [2.28] [3.39] [1.85] [−2.89] [2.30] [−1.60] [−3.17] [2.86] [−3.00] [3.08] [−2.69] [1.85] [2.36]
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Table A.50: Price of covariance risk – Extended TRACE (duration adjusted). The table presents the estimation results for six beta-pricing
models. The BBW bond factors and the test asset returns are duration adjusted. The models include the CAPM with the corporate bond market
factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the three-factor model of Bai et al. (2019, BBW), the single-factor model
of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default risk and term structure factors of Fama and French
(1993, DEFTERM). The models are estimated using monthly duration-adjusted bond returns on the 25 size × maturity sorted portfolios (Panels A and
E for OLS and GLS, respectively), the 30 Fama-French (FF) industry sorted portfolios (Panels B and F for OLS and GLS, respectively), the 25 size ×
rating sorted portfolios (Panels C and G for OLS and GLS, respectively), and the 25 credit spread sorted portfolios (Panels D and H for OLS and GLS,
respectively). We drop the coal industry classification because there are not any bonds issued by coal companies in the sample prior to 1997. The sample
period is 1986:01 to 2021:12 (432 months). We report parameter estimates λ̂ (with λ̂0 multiplied by 100), the t-ratios under correctly specified models
that account for the EIV problem (t-statc), and the model misspecification-robust t-ratios (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.13 2.15 0.18 −34.65 16.03 12.97 0.13 8.10 6.02 0.18 0.33 0.17 0.34 0.22 −18.00 12.20
t-statc [2.52] [0.59] [4.89] [−1.58] [1.28] [2.16] [2.53] [1.28] [1.32] [4.95] [0.14] [4.89] [0.21] [4.88] [−1.74] [1.64]
t-statm [2.05] [0.54] [5.25] [−1.76] [1.38] [2.30] [2.39] [1.24] [1.24] [4.36] [0.14] [4.06] [0.20] [1.79] [−0.37] [0.39]

Panel B: 30 FF industry portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.00 6.94 0.10 −17.03 7.76 9.18 0.00 5.02 −2.88 0.04 3.56 0.04 2.45 0.04 −0.54 2.81
t-statc [−0.07] [1.61] [1.27] [−0.86] [0.90] [1.23] [−0.01] [0.54] [−0.43] [0.58] [1.50] [0.58] [1.54] [0.62] [−0.05] [0.41]
t-statm [−0.07] [1.56] [1.14] [−0.77] [0.82] [1.11] [−0.01] [0.51] [−0.41] [0.57] [1.48] [0.56] [1.52] [0.61] [−0.04] [0.32]

Panel C: 25 size × rating portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.18 12.66 0.08 −32.45 16.77 13.47 −0.26 11.4 −6.85 −0.1 7.12 −0.1 5.01 −0.07 −15.28 15.34
t-statc [−2.22] [2.95] [0.96] [−1.58] [1.46] [2.03] [−2.15] [1.27] [−0.94] [−1.41] [2.72] [−1.35] [2.64] [−0.89] [−1.36] [1.70]
t-statm [−2.33] [2.92] [0.59] [−1.47] [1.61] [1.62] [−2.33] [0.85] [−0.65] [−1.41] [2.72] [−1.39] [2.75] [−0.81] [−0.84] [1.26]

Panel D: 25 credit spread portfolios (OLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.21 13.90 0.00 −37.63 34.04 −5.09 −0.22 4.98 −11.96 −0.18 8.68 −0.17 6.12 −0.19 74.35 −46.6
t-statc [−3.43] [3.23] [0.00] [−1.20] [1.39] [−0.44] [−2.86] [0.49] [−1.48] [−2.80] [3.16] [−2.84] [3.09] [−1.39] [0.78] [−0.67]
t-statm [−3.51] [3.22] [0.00] [−1.26] [1.51] [−0.47] [−2.74] [0.38] [−1.15] [−2.94] [3.18] [−2.97] [3.10] [−1.48] [1.10] [−0.95]
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Table A.50 (Cont’d): Price of covariance risk – Extended TRACE (duration adjusted).

Panel E: 25 size × maturity portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.13 1.17 0.13 −16.82 7.34 8.25 0.12 3.77 2.89 0.13 0.01 0.13 0.35 0.13 −4.36 3.23
t-statc [5.30] [0.37] [5.58] [−1.69] [1.49] [1.90] [5.12] [0.88] [0.98] [5.66] [0.01] [5.62] [0.30] [5.74] [−0.86] [0.92]
t-statm [5.16] [0.38] [5.41] [−1.56] [1.36] [1.76] [4.86] [0.85] [0.92] [5.38] [0.01] [5.39] [0.29] [5.33] [−0.73] [0.77]

Panel F: 30 FF industry portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.07 3.54 0.11 −13.77 7.14 6.34 0.07 2.13 −0.82 0.07 2.72 0.07 2.01 0.07 −0.02 2.02
t-statc [1.75] [1.02] [2.21] [−1.13] [1.28] [1.31] [1.74] [0.37] [−0.19] [1.90] [1.44] [1.74] [1.54] [1.73] [−0.00] [0.49]
t-statm [1.71] [1.00] [2.10] [−1.04] [1.18] [1.26] [1.67] [0.35] [−0.18] [1.87] [1.44] [1.69] [1.48] [1.65] [−0.00] [0.40]

Panel G: 25 size × rating portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate 0.01 5.72 0.07 −19.49 7.91 12.84 −0.01 1.35 −5.36 0.02 1.03 0.02 1.39 0.02 −7.86 6.48
t-statc [0.23] [1.58] [2.14] [−1.77] [1.29] [2.84] [−0.31] [0.29] [−1.58] [0.87] [0.59] [0.73] [1.16] [0.50] [−1.48] [1.79]
t-statm [0.23] [1.60] [1.99] [−1.50] [1.03] [2.71] [−0.30] [0.28] [−1.51] [0.84] [0.57] [0.69] [1.07] [0.47] [−1.29] [1.51]

Panel H: 25 credit spread portfolios (GLS)

CAPMB BBW DEFTERM CAPM HKMSF HKM

λ̂0 λ̂MKTB λ̂0 λ̂MKTB λ̂DRF λ̂CRF λ̂0 λ̂DEF λ̂TERM λ̂0 λ̂MKTS λ̂0 λ̂CPTLT λ̂0 λ̂MKTS λ̂CPTLT

Estimate −0.08 9.01 −0.05 −14.46 12.84 4.75 −0.07 4.60 −4.12 −0.07 6.15 −0.07 4.42 −0.07 −1.46 5.39
t-statc [−3.63] [2.37] [−2.24] [−1.54] [2.95] [1.07] [−3.14] [0.84] [−1.05] [−3.21] [2.75] [−2.98] [2.84] [−2.88] [−0.19] [1.01]
t-statm [−3.36] [2.26] [−1.84] [−1.36] [2.49] [0.93] [−2.89] [0.68] [−0.84] [−3.17] [2.51] [−3.00] [2.67] [−2.69] [−0.12] [0.67]
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Table A.51: Rank tests – Extended TRACE (duration adjusted). The table presents the various rank
test results for three beta-pricing models. The models include the two-factor model of BSW with the duration-
adjusted bond market factor (MACRO), the two-factor model of HKM (HKMNT) with nontraded intermediary
capital risk, and the seven-factor systematic volatility risk factor model (VOL) without aggregate liquidity risk. The
models are estimated using monthly duration-adjusted bond returns on the 25 Size × maturity (Panel A) and the 30
Fama-French (FF) industry sorted portfolios (Panel B). We drop the coal industry classification because there are
not any bonds issued by coal companies in the sample prior to 1997. The sample period is 1986:01 to 2021:12 (432
months) for the MACRO and HKMNT models. The VOL model sample period is 1990:03 to 2021:12 (382 months)
due to the later availability of the CBOE VIX. p-values are reported in square brackets below the rank test statistic.

Panel A: 25 size × maturity Panel B: 30 FF industry

J1 J2 J3 J1 J2 J3

MACRO 58.34 76.79 3.15 62.77 88.62 3.06
[0.00] [0.00] [0.00] [0.00] [0.00] [0.00]

HKMNT 33.09 49.34 2.02 51.65 39.38 1.36
[0.08] [0.00] [0.00] [0.00] [0.06] [0.11]

VOL 12.91 13.56 0.70 21.78 24.54 1.03
[0.80] [0.76] [0.81] [0.47] [0.32] [0.42]
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Table A.52: Price of beta risk – Extended TRACE (duration adjusted). The table presents the estimation results for three beta-pricing
models. The models include the two-factor model of BSW with the duration- adjusted bond market factor (MACRO), the two-factor model of HKM
(HKMNT) with nontraded intermediary capital risk, and the seven-factor systematic volatility risk factor model (VOL) without aggregate liquidity risk.
The models are estimated using monthly duration-adjusted bond returns on the 25 Size × maturity (Panels A and C for OLS and GLS, respectively)
and the 30 Fama-French (FF) industry sorted portfolios (Panels B and D for OLS and GLS, respectively). We drop the coal industry classification
because there are not any bonds issued by coal companies in the sample prior to 1997. The sample period is 1986:01 to 2021:12 (432 months) for the
MACRO and HKMNT models. The VOL model sample period is 1990:03 to 2021:12 (382 months) due to the later availability of the CBOE VIX. We
report parameter estimates γ̂ (multiplied by 100), the t-ratios under correctly specified models that account for the EIV problem (t-statc), and the model
misspecification-robust t-ratios (t-statm) from Kan et al. (2013).

Panel A: 25 size × maturity (OLS) Panel C: 25 size × maturity (GLS)

MACRO HKMNT MACRO HKMNT

γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL

Estimate 0.12 0.06 −0.22 0.16 0.33 −0.52 Estimate 0.12 0.04 −0.25 0.13 −0.07 0.48
t-statc [2.49] [0.70] [−0.50] [3.54] [0.48] [−0.54] t-statc [4.61] [0.48] [−0.93] [5.70] [−0.20] [0.67]
t-statm [1.46] [0.57] [−0.19] [1.95] [0.27] [−0.19] t-statm [4.49] [0.48] [−0.75] [5.29] [−0.19] [0.61]

VOL VOL

γ̂0 γ̂MKT γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂V IX γ̂V IXt−1

Estimate 0.15 −0.60 0.82 1.39 −0.01 0.34 −0.00 −0.69 Estimate 0.09 −0.47 0.85 0.83 0.08 0.31 0.04 −1.20
t-statc [3.07] [−0.95] [0.47] [1.65] [−0.11] [0.88] [−0.00] [−0.86] t-statc [2.54] [−0.98] [0.88] [1.34] [0.73] [1.08] [0.10] [−1.84]
t-statm [2.88] [−0.91] [0.43] [1.30] [−0.11] [0.70] [−0.00] [−0.50] t-statm [2.27] [−0.87] [0.68] [1.19] [0.71] [0.98] [0.09] [−1.53]

Panel B: 30 FF industry portfolios (OLS) Panel D: 30 FF industry portfolios (GLS)

MACRO HKMNT MACRO HKMNT

γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL γ̂0 γ̂MKTB γ̂UNC γ̂0 γ̂MKTS γ̂CPTL

Estimate 0.00 0.17 −0.15 0.04 0.67 0.91 Estimate 0.07 0.09 −0.07 0.07 0.52 0.76
t-statc [0.01] [1.70] [−0.52] [0.60] [1.35] [0.85] t-statc [1.74] [1.06] [−0.29] [1.86] [1.39] [1.03]
t-statm [0.01] [1.66] [−0.40] [0.59] [1.13] [0.61] t-statm [1.70] [1.04] [−0.25] [1.81] [1.39] [0.87]

VOL VOL

γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂V IX γ̂V IXt−1
γ̂0 γ̂MKTS γ̂SMB γ̂HML γ̂DEF γ̂TERM γ̂V IX γ̂V IXt−1

Estimate 0.03 0.19 1.05 −0.41 0.14 −0.45 −0.20 −0.28 Estimate 0.10 0.43 0.40 −0.04 0.08 −0.50 0.16 −0.00
t-statc [0.43] [0.36] [1.19] [−0.62] [0.92] [−0.81] [−0.39] [−0.38] t-statc [2.37] [0.99] [0.75] [−0.07] [0.67] [−1.06] [0.42] [−0.01]
t-statm [0.32] [0.32] [1.00] [−0.43] [0.70] [−0.55] [−0.28] [−0.35] t-statm [2.37] [0.91] [0.55] [−0.06] [0.64] [−0.92] [0.35] [−0.01]
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Table A.53: Portfolio sorts – contemporaneous returns – Extended TRACE (duration adjusted).
Each panel reports the average contemporaneous duration-adjusted quintile portfolio returns sorted from low to high
on the respective factor betas available in month t. Factor betas are estimated by regressing bond duration-adjusted
returns on factor returns over fixed 36-month rolling windows, with a minimum of 24 months required to include
the coefficient estimate in the sample. The bond factors are computed with duration-adjusted returns. The factor
betas are estimated jointly for each model. t-statistics (in square brackets) are based on NW standard errors with
four lags. Panels A–F are based on the sample period 1986:01 to 2021:12 (432 months). After computing the rolling
betas, the sample spans the period 1988:01 to 2021:12 (408 months).

Panel A: CAPMB

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.11 0.11 0.14 0.19 0.50 0.39
t-statnw [5.61] [2.72] [2.04] [1.71] [1.67] [1.36]

Panel B: BBW

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.36 0.12 0.14 0.16 0.27 −0.10
t-statnw [2.11] [2.42] [2.21] [1.84] [1.67] [−0.76]

DRF
Ave. Return 0.21 0.11 0.11 0.15 0.46 0.26
t-statnw [1.67] [1.66] [2.07] [1.77] [2.14] [1.62]

CRF
Ave. Return 0.22 0.13 0.11 0.17 0.42 0.20
t-statnw [2.01] [2.40] [2.32] [1.92] [1.67] [1.06]

Panel C: DEFTERM

Low 2 3 4 High High-Low

DEF
Ave. Return 0.12 0.10 0.12 0.17 0.48 0.36
t-statnw [2.27] [2.29] [1.77] [1.56] [1.99] [1.65]

TERM
Ave. Return 0.22 0.16 0.11 0.12 0.41 0.19
t-statnw [1.27] [1.82] [2.10] [2.12] [2.61] [1.48]

Panel D: CAPM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.16 0.11 0.13 0.19 0.43 0.27
t-statnw [2.88] [2.56] [1.95] [1.65] [1.43] [0.90]

Panel E: HKMSF

Low 2 3 4 High High-Low

CPTLT
Ave. Return 0.18 0.12 0.13 0.17 0.39 0.22
t-statnw [2.56] [2.80] [1.92] [1.38] [1.29] [0.69]

Panel F: HKM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.28 0.10 0.12 0.15 0.39 0.10
t-statnw [2.58] [2.10] [1.91] [1.73] [1.81] [0.66]

CPTLT
Ave. Return 0.29 0.12 0.11 0.14 0.33 0.04
t-statnw [2.34] [2.16] [2.00] [1.43] [1.31] [0.18]
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Table A.54: Portfolio sorts – one-month ahead returns – Extended TRACE (duration adjusted).
Each panel reports the average one-month duration-adjusted quintile portfolio returns sorted from low to high on
the respective factor betas available in month t. Factor betas are estimated by regressing bond duration-adjusted
returns on factor returns over fixed 36-month rolling windows, with a minimum of 24 months required to include
the coefficient estimate in the sample. The bond factors are computed with duration-adjusted returns. The factor
betas are estimated jointly for each model. t-statistics (in square brackets) are based on NW standard errors with
four lags. Panels A–F are based on the sample period 1986:01 to 2021:12 (432 months). After computing the rolling
betas, the sample spans the period 1988:01 to 2021:12 (408 months).

Panel A: CAPMB

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.09 0.09 0.12 0.18 0.58 0.48
t-statnw [2.70] [1.71] [1.41] [1.62] [2.50] [2.38]

Panel B: BBW

Low 2 3 4 High High-Low

MKTB
Ave. Return 0.35 0.10 0.12 0.15 0.35 0.00
t-statnw [2.31] [1.77] [1.84] [1.69] [2.34] [0.01]

DRF
Ave. Return 0.27 0.13 0.10 0.13 0.39 0.12
t-statnw [2.20] [1.87] [2.04] [1.64] [2.04] [1.18]

CRF
Ave. Return 0.25 0.09 0.09 0.14 0.49 0.24
t-statnw [2.07] [1.58] [1.77] [1.57] [2.35] [1.84]

Panel C: DEFTERM

Low 2 3 4 High High-Low

DEF
Ave. Return 0.15 0.08 0.11 0.18 0.50 0.34
t-statnw [2.61] [1.62] [1.41] [1.69] [2.47] [2.19]

TERM
Ave. Return 0.29 0.14 0.10 0.11 0.37 0.08
t-statnw [1.58] [1.50] [1.67] [1.82] [2.70] [0.71]

Panel D: CAPM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.11 0.08 0.10 0.20 0.54 0.43
t-statnw [2.07] [1.73] [1.39] [1.92] [2.32] [2.20]

Panel E: HKMSF

Low 2 3 4 High High-Low

CPTLT
Ave. Return 0.11 0.09 0.12 0.18 0.53 0.42
t-statnw [1.89] [1.86] [1.72] [1.66] [2.27] [2.21]

Panel F: HKM

Low 2 3 4 High High-Low

MKTS
Ave. Return 0.29 0.09 0.10 0.15 0.39 0.09
t-statnw [3.29] [1.79] [1.47] [1.55] [1.97] [0.74]

CPTLT
Ave. Return 0.26 0.09 0.11 0.14 0.43 0.18
t-statnw [2.11] [1.40] [1.92] [1.66] [2.32] [1.76]
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Table A.55: Fama-MacBeth estimates and t-statistics of the zero-beta rate and risk premia – Extended TRACE (duration
adjusted). The table presents the estimation results for six beta-pricing models. The bond factors are computed with duration-adjusted returns. The
models include the CAPM with the corporate bond market factor (CAPMB), the equity CAPM with the stock market factor (CAPM), the three-factor
model of Bai et al. (2019, BBW), the single-factor model of HKM (HKMSF), the two-factor model of HKM (HKM), and the two-factor model with default
risk and term structure factors of Fama and French (1993, DEFTERM). The models are estimated using cross-sectional Fama-MacBeth regressions of
individual corporate bond duration adjusted returns on estimated factor betas. We report parameter estimates γ̂ (multiplied by 100), and the NW
t-ratios with three lags. Factor betas are estimated by regressing bond duration-adjusted returns on factor returns over fixed 36-month rolling windows,
with a minimum of 24 months required to include the coefficient estimate in the sample. The factor betas are estimated jointly for each model. Panel
A presents results for contemporaneous returns, and Panel B for one-month ahead returns. Panels A and B are based on the sample period 1986:01 to
2021:12 (432 months). After computing the rolling betas, the sample spans the period 1988:01 to 2021:12 (408 months).

Panel A: Contemporaneous returns Panel B: One-month ahead returns

CAPMB BBW DEFTERM CAPM HKMSF HKM CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂MKTB 0.23 0.04 γ̂MKTB 0.23 0.13
[2.09] [0.20] [2.99] [1.00]

γ̂DRF 0.17 γ̂DRF 0.11
[1.81] [1.68]

γ̂CRF 0.19 γ̂CRF 0.21
[1.13] [1.67]

γ̂DEF 0.14 γ̂DEF 0.14
[1.26] [1.55]

γ̂TERM −0.01 γ̂TERM −0.05
[−0.08] [−0.30]

γ̂MKTS 0.32 0.28 γ̂MKTS 0.50 0.49
[0.80] [0.75] [1.75] [1.83]

γ̂CPTLT 0.54 0.44 γ̂CPTLT 0.92 0.93
[0.87] [0.72] [2.24] [2.44]

γ̂0 0.22 0.42 0.31 0.38 0.38 0.35 γ̂0 0.22 0.40 0.3 0.31 0.31 0.33
[3.92] [5.75] [5.68] [6.06] [5.3] [6.65] [3.57] [4.98] [4.08] [4.54] [4.23] [5.11]

Adj. R2 0.095 0.200 0.165 0.097 0.096 0.142 Adj. R2 0.055 0.100 0.097 0.056 0.055 0.073
Months 408 408 408 408 408 408 Months 408 408 408 408 408 408
Obs. 1,235,865 1,235,865 1,235,865 1,235,865 1,235,865 1,235,865 Obs. 1,235,865 1,235,865 1,235,865 1,235,865 1,235,865 1,235,865
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Table A.56: Portfolio sorts – nontraded factors– Extended TRACE (duration adjusted). Panel A
reports the contemporaneous and Panel B reports the one-month ahead average duration-adjusted quintile portfolio
returns sorted from low to high on the respective nontraded factor betas available in month t. Factor betas are
estimated by regressing bond excess returns on the factors over fixed 36-month rolling windows, with a minimum
of 24 months required to include the coefficient estimate in the sample. The factor betas are estimated jointly for
each model. t-statistics (in square brackets) are based on NW standard errors with four lags. Panels A and B are
based on the sample period 1986:01 to 2021:12 (432 months). After computing the rolling betas, the sample spans
the period 1988:01 to 2021:12 (408 months). Due to the availability of the CBOE VIX, the VOL model spans the
period 1992:03 to 2021:12 (358 months).

Panel A: Contemporaneous returns

MACRO

Low 2 3 4 High High-Low

UNC
0.24 0.12 0.10 0.13 0.42 0.18
[0.89] [1.47] [2.20] [2.53] [3.13] [0.72]

HKMNT

Low 2 3 4 High High-Low

CPTL
0.25 0.10 0.14 0.18 0.38 0.12
[2.13] [1.87] [2.44] [1.86] [1.57] [0.60]

VOL

Low 2 3 4 High High-Low

VIX
0.43 0.17 0.14 0.10 0.27 −0.16
[1.84] [1.56] [1.93] [1.73] [2.43] [−0.96]

Panel B: One-month ahead returns

MACRO

Low 2 3 4 High High-Low

UNC
0.46 0.15 0.09 0.08 0.24 −0.22
[2.60] [2.08] [1.99] [1.30] [1.62] [−2.39]

HKMNT

Low 2 3 4 High High-Low

CPTL
0.20 0.06 0.11 0.18 0.50 0.30
[1.64] [1.08] [1.78] [2.04] [2.74] [2.88]

VOL

Low 2 3 4 High High-Low

VIX
0.46 0.20 0.13 0.10 0.20 −0.26
[2.41] [1.91] [1.82] [1.65] [1.51] [−2.91]
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Table A.57: Fama-MacBeth estimates and t-statistics of the zero-beta rate and risk premia –
Extended TRACE (duration adjusted). The table presents the estimation results for three beta-pricing
models with nontraded factors. The models include the two-factor model of BSW (MACRO), the two-factor model
of HKM (HKMNT) with nontraded intermediary capital risk, and the seven-factor systematic volatility risk factor
model (VOL) without aggregate liquidity risk. The models are tested using cross-sectional Fama-MacBeth regressions
of individual corporate bond duration-adjusted returns on estimated factor betas. We report parameter estimates γ̂
(multiplied by 100) and their NW t-ratios with four lags. Factor betas are estimated by regressing bond duration-
adjusted returns on the factors over fixed 36-month rolling windows, with a minimum of 24 months required to include
the coefficient estimate in the sample. The factor betas are estimated jointly for each model. Panel A presents results
for contemporaneous returns, and Panel B for one-month ahead returns. Panels A and B are based on the sample
period 1986:01 to 2021:12 (432 months). After computing the rolling betas, the sample spans the period 1988:01 to
2021:12 (408 months). Due to the availability of the CBOE VIX, the VOL model spans the period 1992:03 to 2021:12
(358 months).

Panel A: Contemporaneous returns Panel B: One-month ahead returns

MACRO HKMNT VOL MACRO HKMNT VOL

γ̂MKTB 0.18 γ̂MKTB 0.20
[1.69] [2.53]

γ̂UNC 0.02 γ̂UNC −0.30
[0.09] [−2.95]

γ̂MKTS 0.28 0.18 γ̂MKTS 0.37 0.43
[0.76] [0.52] [1.39] [1.63]

γ̂CPTL 0.33 γ̂CPTL 1.02
[0.58] [2.88]

γ̂SMB 0.53 γ̂SMB 0.09
[2.15] [0.64]

γ̂HML −0.24 γ̂HML 0.14
[−0.79] [0.90]

γ̂DEF 0.09 γ̂DEF 0.15
[0.86] [1.77]

γ̂TERM 0.05 γ̂TERM −0.00
[0.27] [−0.01]

γ̂V IX −0.34 γ̂V IX −0.48
[−1.28] [−2.92]

γ̂0 0.03 0.12 0.07 γ̂0 0.01 0.05 0.01
[0.75] [3.24] [2.50] [0.11] [1.01] [0.22]

Adj. R2 15.08 13.06 32.94 Adj. R2 0.078 0.064 0.128
Months 408 408 358 Months 408 408 358
Obs. 1,235,865 1,235,865 1,235,865 Obs. 1,235,865 1,235,865 1,235,865
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Table A.58: Estimated monthly risk premia for time-invariant factor models – Extended TRACE
(duration adjusted). The table reports the estimated monthly risk premia (in percent) and their 95% confidence
intervals for the six beta-pricing models estimated using the methodology of Gagliardini et al. (2016) using bond-level
corporate bond data. The reported risk premia have been bias adjusted. The total number of bonds is given by n,
the number of factors in each model is given by K, and the trimmed number of bonds in the estimation is given by nχ

for each factor model. The confidence intervals are constructed using the HAC estimator as per the original authors.
The trimming level for risk premia estimation is χ1,T = 15. We report the p-values below the estimated risk premia.
The table is based on the sample period 1986:01 to 2021:12 (T = 432 months).

CAPMB BBW DEFTERM CAPM HKMSF HKM

γ̂MKTB 0.17 0.19
(0.00,0.34) (0.01,0.36)

γ̂DRF 0.30
(0.03,0.56)

γ̂CRF 0.26
(−0.01,0.53)

γ̂DEF 0.20
(0.05,0.35)

γ̂TERM −0.02
(−0.29,0.25)

γ̂MKTS 0.67 0.65
(0.24,1.09) (0.22,1.07)

γ̂CPTLT 1.47 1.09
(0.79,2.15) (0.41,1.77)

n 28,690 28,690 28,690 28,690 28,690 28,690
nχ 28,690 28,690 28,690 28,690 28,690 28,690
T 432 432 432 432 432 432
K 1 3 2 1 1 2
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Table A.59: Number of bonds and issuers. Panel A reports the total number of bond-month observations,
the total number of bonds and firms, and the average number of bonds and firms in any given month t. We follow the
exact sampling procedures and filtering rules outlined in the original BBW paper. For the WRDS Bond Database,
we recognize returns if a bond trades within five business days toward the end of the month. The ICE Bond Database
provides daily quotes for each and every business day – we sample the quote on the last available business day. In
Panel B, for the TRACE Bond Database, we vary the number of days a bond must trade within toward the end or
beginning of the month from n = 1 (the bond must trade on the last business day of the month) to n > 10 (the bond
can trade on any day). The sample period is 2002:07 to 2016:12 (174 months) for the Enhanced TRACE and ICE
Bond Databases. The sample period is 2002:08 to 2016:12 (173 months) for WRDS because returns are computed
using bond prices at the end of the month only.

Panel A: Number of bonds and issuers across databases

Total Obs. Total bonds Total firms Average bonds in month Average firms in month

TRACE 861,524 31,348 3792 4951 1308
WRDS 664,074 18,572 3467 3838 1212
ICE 772,510 16,200 3483 4439 1483
BBW 1,243,543 38,957 4079 7147 -

Panel B: Number of bonds and issuers in the TRACE Bond Database across n

Total Obs. Total bonds Total firms Average bonds in month Average firms in month

TRACEn=1 518,566 25,290 3520 2997 915
TRACEn=3 673,626 28,039 3670 3871 1106
TRACEn=5 861,524 31,348 3792 4951 1308
TRACEn=7 976,668 31,802 3806 5613 1418
TRACEn=10 1,104,759 32,195 3812 6349 1524
TRACEn>10 1,254,736 32,507 3821 7211 1624
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Table A.60: Descriptive statistics – TRACE. Panel A reports the number of bond-month observations, the
time-series average of the cross-sectional mean, median, standard deviation (SD), and monthly return percentiles of
corporate bonds, and bond characteristics including credit rating, time-to-maturity (maturity, year), and amount
outstanding (size, $million). Ratings are converted to numerical scores, where 1 refers to a AAA rated bond and
21 refers to a C rating where the bond issue is about to default. A higher score implies a higher level of credit
risk. Numerical ratings of 10 or below (BBB− or better) are classified as investment grade, and ratings of 11 or
higher (BB+ or worse) are labeled speculative (junk) grade. Downside risk is the 5% VaR of corporate bond returns,
defined as the second lowest monthly return observation over the past 36 months scaled by −1 (using a minimum of
24 months of data). Illiquidity (ILLIQ) is computed as in Bao et al. (2011). Panel B reports the time-series average
of the cross-sectional correlations. Panels A–B are based on the sample period 2002:07 to 2016:12 (174 months) for
all variables except for VaR that spans the sample period 2004:06 to 2016:12 (151 months).

Panel A: Summary statistics over the sample period 2002:07–2016:12

Percentiles

N Mean Median SD 1 5 25 75 95 99

Bond return (%) 861,524 0.72 0.52 4.19 −8.98 −4.04 −0.66 1.86 6.08 12.60
Rating 861,524 8.67 8.06 4.11 1.32 2.18 5.84 10.66 16.34 19.94
Maturity (maturity, year) 861,524 9.39 6.47 8.54 1.11 1.54 3.63 11.66 26.99 29.89
Amount out (size, $million) 861,524 492 346 559 3 10 152 621 1523 2706
Downside risk (5% VaR) 417,699 5.27 3.69 5.05 0.68 1.07 2.21 6.34 15.05 25.35
Illiquidity (ILLIQ) 711,128 1.70 0.33 4.71 −1.08 −0.23 0.06 1.39 8.50 20.22

Panel B: Average cross-sectional correlations

Return Rating Maturity Size VaR ILLIQ

Return 1 0.07 0.02 −0.02 0.07 0.01
Rating 1 −0.13 −0.07 0.50 0.18
Maturity 1 −0.02 0.20 0.13
Size 1 −0.11 −0.14
VaR 1 0.33
ILLIQ 1
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Table A.61: Descriptive statistics – WRDS. Panel A reports the number of bond-month observations, the
time-series average of the cross-sectional mean, median, standard deviation (SD), and monthly return percentiles of
corporate bonds, and bond characteristics including credit rating, time-to-maturity (maturity, year), and amount
outstanding (size, $million). All data except for bond ILLIQ and VaR is from the publicly available WRDS Bond
Database. Ratings are converted to numerical scores, where 1 refers to a AAA rated bond and 21 refers to a C rating
where the bond issue is about to default. A higher score implies a higher level of credit risk. Numerical ratings of
10 or below (BBB− or better) are classified as investment grade, and ratings of 11 or higher (BB+ or worse) are
labeled speculative (junk) grade. Downside risk is the 5% VaR of corporate bond returns, defined as the second
lowest monthly return observation over the past 36 months scaled by −1 (using a minimum of 24 months of data).
Illiquidity (ILLIQ) is computed as in Bao et al. (2011). Panel B reports the time-series average of the cross-sectional
correlations. Panels A–B are based on the sample period 2002:08 to 2016:12 (173 months) for all variables except for
VaR that spans the sample period 2004:07 to 2016:12 (150 months). This is because WRDS only computes returns
using month-end month prices meaning a return observation is lost for July 2002.

Panel A: Summary statistics over the sample period 2002:08–2016:12

Percentiles

N Mean Median SD 1 5 25 75 95 99

Bond return (%) 664,074 0.63 0.47 3.68 −8.41 −3.49 −0.60 1.70 5.10 11.10
Rating 664,074 8.85 8.28 3.85 1.23 3.67 6.14 10.76 16.20 18.67
Maturity (maturity, year) 664,074 9.21 6.24 8.77 1.12 1.56 3.60 9.86 27.89 30.35
Amount out (size, $million) 664,074 591 414 591 18 100 257 694 1746 2914
Downside risk (5% VaR) 345,855 4.60 3.51 3.99 0.68 1.06 2.13 5.60 12.03 20.90
Illiquidity (ILLIQ) 576,608 1.11 0.24 2.99 −0.72 −0.15 0.05 0.94 5.49 13.42

Panel B: Average cross-sectional correlations

Return Rating Maturity Size VaR ILLIQ
Return 1 0.05 0.02 −0.01 0.01 −0.02
Rating 1 −0.11 −0.20 0.46 0.17
Maturity 1 −0.01 0.28 0.18
Size 1 −0.10 −0.16
VaR 1 0.33
ILLIQ 1
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Table A.62: Descriptive statistics – ICE. Panel A reports the number of bond-month observations, the
time-series average of the cross-sectional mean, median, standard deviation (SD), and monthly return percentiles
of corporate bonds, and bond characteristics including credit rating, time-to-maturity (maturity, year), and amount
outstanding (size, $million). All data except for bond ILLIQ, VaR, and bond amount outstanding is from the privately
available ICE Bond Database. Ratings are converted to numerical scores, where 1 refers to a AAA rated bond and
21 refers to a C rating where the bond issue is about to default. A higher score implies a higher level of credit
risk. Numerical ratings of 10 or below (BBB− or better) are classified as investment grade, and ratings of 11 or
higher (BB+ or worse) are labeled speculative (junk) grade. Downside risk is the 5% VaR of corporate bond returns,
defined as the second lowest monthly return observation over the past 36 months scaled by −1 (using a minimum of
24 months of data). Illiquidity (ILLIQ) is computed as in Bao et al. (2011). Panel B reports the time-series average
of the cross-sectional correlations. Panels A–B are based on the sample period 2002:07 to 2016:12 (174 months) for
all variables except for VaR that spans the sample period 2004:06 to 2016:12 (151 months).

Panel A: Summary statistics over the sample period 2002:07–2016:12

Percentiles

N Mean Median SD 1 5 25 75 95 99

Bond return (%) 772,510 0.58 0.49 3.40 −7.66 −2.94 −0.46 1.58 4.29 9.42
Rating 772,510 9.29 8.78 3.98 1.72 3.92 6.28 11.63 16.80 19.01
Maturity (maturity, year) 772,510 9.67 6.35 9.87 1.13 1.63 3.79 10.11 27.96 32.23
Amount out (size, $million) 772,510 566 403 523 130 186 271 647 1541 2756
Downside risk (5% VaR) 511,155 4.45 3.33 4.09 0.58 0.96 1.99 5.43 11.96 21.01
Illiquidity (ILLIQ) 581,874 1.08 0.23 2.98 −0.77 −0.17 0.04 0.92 5.37 12.68

Panel B: Average cross-sectional correlations

Return Rating Maturity Size VaR ILLIQ
Return 1 0.05 0.02 −0.01 0.01 −0.05
Rating 1 −0.15 −0.22 0.45 0.17
Maturity 1 −0.01 0.25 0.17
Size 1 0.00 −0.11
VaR 1 0.30
ILLIQ 1
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Table A.63: Summary statistics for MKTB. The table reports summary statistics and squared Sharpe
ratios for the various MKTB factors. The MKTB factor is replicated across three databases: the privately processed
Enhanced TRACE Bond Database in accordance with the BBW filters (TRACE), the publicly available WRDS Bond
Database (WRDS), and the privately available ICE Bond Database (ICE). The original factors are denoted by BBW
(BBW). The ‘ICE IG’ and ‘ICE HY’ MKTB factors are the ‘ICE BofA US Corporate Index Total Return Index
Value’, which tracks investment grade bonds, and the ‘ICE BofA US High Yield Index Total Return Index Value’,
respectively. All replicated factors are constructed using the same methodology and data filtering rules as in BBW.
The sample period for all factors is 2004:08 to 2016:12 (149 months). p-values are reported in square brackets.

Panel A: MKTB descriptive statistics

Mean Sh2 SD Median Min 5 25 75 95 Max

TRACE 0.469 0.054 1.898 0.495 −9.292 −1.856 −0.460 1.310 2.832 10.809
[0.016] [0.005]

WRDS 0.416 0.047 1.787 0.373 −8.258 −1.829 −0.487 1.143 2.540 10.367
[0.015] [0.008]

ICE 0.422 0.047 1.802 0.483 −8.603 −1.820 −0.417 1.202 2.648 7.520
[0.026] [0.008]

BBW 0.333 0.050 1.385 0.410 −6.365 −1.298 −0.467 0.987 2.299 7.568
[0.013] [0.006]

ICE IG 0.337 0.036 1.628 0.392 −7.488 −1.651 −0.555 1.262 2.744 5.554
[0.029] [0.021]

ICE HY 0.561 0.032 2.820 0.732 −16.377 −3.478 −0.552 1.760 4.446 11.455
[0.047] [0.028]

ICE IG/HY 0.404 0.043 1.805 0.452 −10.136 −1.757 −0.466 1.279 3.018 6.131
[0.031] [0.012]

Panel B: MKTB time-series correlations

TRACE WRDS ICE BBW ICE IG ICE HY ICE IG/HY

TRACE 1 0.995 0.975 0.939 0.884 0.819 0.942
WRDS 1 0.977 0.955 0.907 0.802 0.948
ICE 1 0.937 0.946 0.822 0.983
BBW 1 0.946 0.618 0.886
ICE IG 1 0.646 0.934
ICE HY 1 0.876
ICE IG/HY 1
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Table A.64: Non-overlapping yearly correlations for DRF and CRF. The table reports yearly correlation
coefficients between the replicated TRACE DRF or CRF and the original BBW DRF or CRF (columns ρRep,Orig)
and the yearly correlation coefficients between the replicated TRACE factors and the lead-corrected BBW factors
(columns ρRep,Correct). Each year uses exactly 12 months of data. The sample period is 2005:01 to 2014:12 (10
years).

DRF CRF

Year ρRep,Orig ρRep,Correct Year ρRep,Orig ρRep,Correct

2005 0.36 0.96 2005 −0.08 0.98
2006 0.38 0.94 2006 0.45 0.97
2007 0.32 0.92 2007 0.16 0.92
2008 −0.27 0.96 2008 0.28 0.99
2009 0.24 0.92 2009 0.04 0.80
2010 0.04 0.90 2010 −0.06 0.96
2011 −0.32 0.85 2011 0.25 0.95
2012 0.22 0.97 2012 0.22 0.93
2013 0.03 0.99 2013 −0.64 0.94
2014 −0.05 0.96 2014 0.34 0.99
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Table A.65: LRF robustness summary statistics. The table reports summary statistics for LRF com-
puted using ILLIQ over a different number of minimum required daily observations. LRF is replicated across three
databases: the privately processed Enhanced TRACE Bond Database in accordance with the BBW filters (TRACE),
the publicly available WRDS Bond Database (WRDS), and the privately available ICE Bond Database (ICE). All
replicated LRF factors are constructed using the same methodology and data filtering rules as in BBW. The sample
period for all factors is 2004:08 to 2016:12 (149 months).

Panel A: TRACE

Mean SD Median Min 5 25 75 95 Max

LRF (2) 0.39 1.47 0.29 −4.90 −1.48 −0.25 0.76 2.46 8.76
LRF (5) 0.36 1.47 0.27 −5.08 −1.45 −0.30 0.76 2.46 8.72
LRF (10) 0.38 1.66 0.17 −6.84 −1.32 −0.32 0.74 2.74 8.73
LRF (15) 0.35 1.67 0.17 −8.22 −1.46 −0.32 0.73 2.76 8.82

Panel B: WRDS

Mean SD Median Min 5 25 75 95 Max

LRF (2) 0.21 1.15 0.06 −4.07 −1.01 −0.31 0.51 2.09 6.32
LRF (5) 0.22 1.16 0.08 −3.94 −1.03 −0.36 0.53 2.12 6.43
LRF (10) 0.24 1.31 0.09 −5.21 −0.88 −0.34 0.56 2.12 7.65
LRF (15) 0.21 1.41 0.17 −6.73 −1.08 −0.36 0.53 1.83 8.00

Panel C: ICE

Mean SD Median Min 5 25 75 95 Max

LRF (2) 0.16 1.20 0.06 −5.18 −1.13 −0.34 0.54 1.85 7.25
LRF (5) 0.18 1.24 0.12 −4.32 −1.28 −0.36 0.51 1.90 8.04
LRF (10) 0.20 1.36 0.13 −5.53 −1.20 −0.36 0.53 1.90 8.74
LRF (15) 0.17 1.54 0.14 −7.98 −1.74 −0.40 0.62 1.85 8.75
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Figure A.1: Replicated (WRDS) and original BBW factors.

The figure plots the replicated and original BBW four factors. The factors include the value-weighted bond market
factor (MKTB), the downside risk factor (DRF ), the credit risk factor (CRF ), and the liquidity risk factor (LRF ).
The BBW four factors are replicated using the WRDS Bond Database. The sample period for all factors is 2004:08
to 2016:12 (149 months). The returns are monthly and presented in percent.
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Figure A.2: Mean-standard deviation frontiers and maximum Sharpe ratios – WRDS.

The figure plots the mean-standard deviation frontiers (MSTD frontier, black line) for the 25 size and maturity, 30
Fama- French (FF) industry, 25 size and rating, and 25 credit spread sorted portfolios. The BBW four factors are
computed using data from the WRDS Bond Databse. The slope of the red line represents the maximum Sharpe
ratio that can be achieved by investing in each set of corporate bond portfolios. Similarly, the slope of the green line
(BBW) represents the maximum Sharpe ratio from optimally combining the BBW four factors. The slope of the blue
line (CAPMB) is the Sharpe ratio of the bond market factor. The sample period for all sets of portfolios is 2004:08
to 2016:12 (149 months). The return (y-axis) and standard deviation (x-axis) are monthly and presented in percent.
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Figure A.3: Replicated (ICE) and original BBW factors.

The figure plots the replicated and original BBW four factors. The factors include the value-weighted bond market
factor (MKTB), the downside risk factor (DRF ), the credit risk factor (CRF ), and the liquidity risk factor (LRF ).
The BBW four factors are replicated using the ICE Bond Database. The sample period for all factors is 2004:08 to
2016:12 (149 months). The returns are monthly and presented in percent.
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Figure A.4: Mean-standard deviation frontiers and maximum Sharpe ratios – ICE.

The figure plots the mean-standard deviation frontiers (MSTD frontier, black line) for the 25 size and maturity, 30
Fama- French (FF) industry, 25 size and rating, and 25 credit spread sorted portfolios. The BBW four factors are
replicated using data from the ICE Bond Database. The slope of the red line represents the maximum Sharpe ratio
that can be achieved by investing in each set of corporate bond portfolios. Similarly, the slope of the green line
(BBW) represents the maximum Sharpe ratio from optimally combining the BBW four factors. The slope of the blue
line (CAPMB) is the Sharpe ratio of the bond market factor. The sample period for all sets of portfolios is 2004:08
to 2016:12 (149 months). The return (y-axis) and standard deviation (x-axis) are monthly and presented in percent.
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Figure A.5: Mean-standard deviation frontiers and maximum Sharpe ratios – TRACE (duration
adjusted).

The figure plots the mean-standard deviation frontiers (MSTD frontier, black line) for the 25 size and maturity, 30
Fama- French (FF) industry, 25 size and rating, and 25 credit spread sorted portfolios using duration-adjusted bond
returns. The BBW four factors are replicated using data from the Enhanced TRACE Corporate Bond Database
using duration-adjusted returns. The slope of the red line represents the maximum Sharpe ratio that can be achieved
by investing in each set of corporate bond portfolios. Similarly, the slope of the green line (BBW) represents the
maximum Sharpe ratio from optimally combining the BBW four factors. The slope of the blue line (CAPMB) is
the Sharpe ratio of the bond market factor. The sample period for all sets of portfolios is 2004:08 to 2016:12 (149
months). The return (y-axis) and standard deviation (x-axis) are monthly and presented in percent.
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Figure A.6: MKTB factors.

The figure plots various versions of the market factor. Panel A (C) presents the monthly return (cumulative return of
$1) of the BBW market factor and the ICE BofA IG index. Panels B and D present market factors constructed across
the TRACE, WRDS, and ICE databases. “ICE BofA” is a weighted combination of the ICE IG (70%) and ICE HY
(30%) indices. The sample period for all factors is 2004:08 to 2016:12 (149 months). The returns are monthly and
presented in percent.
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Figure A.7: Lead errors in the BBW DRF and CRF .

The figure plots the original BBW DRF and CRF in Panels A and C (blue line) that are subject to a lead error
(look-ahead bias), meaning that the % return for month t is in fact the value for t + 1. The red line represents the
(correctly-aligned) TRACE replication of DRF and CRF . Panels B and D report the corrected BBW DRF and
CRF and the TRACE replication. The errors in the BBW DRF and CRF span the period 2004:08 to 2014:12 (125
months).
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Figure A.8: Lag error in the BBW LRF .

The figure plots the original BBW LRF in Panel A (blue line) that is subject to a lag error, meaning that the %
return for month t is in fact the value for t−1. Panel B reports the corrected BBW LRF (blue line) and the TRACE
replication (red line). The error in the BBW LRF spans the period 2015:01 to 2016:12 (24 months).
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