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Abstract

Do corporate bond investors earn compensation for bearing credit risk? We construct a new

historical corporate bond database spanning 128 years, from 1895 to 2022, which allows us to

estimate a corporate bond counterpart to the equity risk premium. Combining hand-collected

monthly corporate bond quotes from three archival print sources with modern datasets, we

assemble a panel comprising over 100,000 unique bonds and more than 7 million observations.

While evidence from recent samples suggests that corporate bond excess returns are driven

largely by the term premium similar to that earned by U.S. Treasuries, our longer historical

sample reveals a sizable and statistically significant credit risk premium. Aggregate credit spreads

predict future corporate bond returns and macroeconomic aggregates, although their predictive

power for business cycle fluctuations weakens when prewar data, including the Great Depression,

are added.
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1 Introduction

Do investors earn a risk premium on corporate debt, above and beyond the term premium

offered by government bonds of comparable maturity (Fisher, 1959)? A long history of yield

spreads between U.S. corporate and government bonds shows that they are large relative

to observed default frequencies and losses and vary substantially over the business cycle,

implying a sizable and time-varying ex ante premium for bearing credit risk.1 Yet recent

empirical evidence indicates that corporate bond returns are roughly in line with those earned

on U.S. Treasury securities of comparable maturity, suggesting a negligible ex post observed

credit risk premium (van Binsbergen, Nozawa, and Schwert, 2025). In this paper, we employ

newly constructed historical data to reconcile these seemingly conflicting facts.

When investors hold corporate bonds, they expect to be compensated for two types of

risk that are absent from short-term risk-free assets. This idea can be formalized through the

following excess return decomposition:
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The first part of the payoff comes from the risk that U.S. government bonds are typically

presumed not to carry: the possibility that the issuer may default on its obligations. This

component is commonly referred to as the credit risk premium, measured as the average excess

return on a defaultable bond over a Treasury security with comparable maturity/duration.2

At the same time, corporate bonds with fixed coupons and long maturities expose investors

to interest rate risk. The compensation for this second type of risk is the term premium – the

same reward Treasury investors receive for holding long-maturity bonds compared to rolling

over short-term Treasury bills.

Estimating the credit risk premium separately from the term premium requires reliable

1Related studies include, but are not limited to, Amato and Remolona (2003); Philippon (2009); Giesecke,
Longstaff, Schaefer, and Strebulaev (2011); Gilchrist and Zakraǰsek (2012); Culp, Nozawa, and Veronesi (2018).

2Following the literature, we define this term more broadly to cover all excess compensation investors
demand from corporate bonds beyond comparable Treasuries. Under this definition, the credit risk premium
includes not only the default risk premium but also a potential liquidity premium.
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long-run bond return data. The classic benchmark in the field is Ibbotson’s Stocks, Bonds,

Bills, and Inflation (SBBI) series, which report aggregate returns on long-term corporate and

government bonds beginning in 1926. Consistent with evidence from more recent samples,

the difference between the two series implies only a small credit risk premium (e.g., Ibbotson

and Sinquefield, 1976). Subsequent studies, however, highlight several biases in the SBBI

data, including an overrepresentation of high-grade bonds and maturity mismatches between

corporate and government bonds. Moreover, returns are approximated from yield indices,

rather than constructed from bond-level prices, using ad hoc assumptions about coupons and

maturities. Attempts to mitigate these issues have produced mixed empirical results. While

some studies find that corrections increase the estimated premium, others do not.3 Thus,

the seemingly simple question – whether the credit risk premium is positive and economically

significant – remains unresolved, underscoring the need for more granular and comprehensive

long-run data on corporate bonds.

We address this challenge by constructing a new historical corporate bond database span-

ning 128 years, from 1895 to 2022. The database integrates hand-collected monthly bond

quotes from three key archival print sources – Commercial and Financial Chronicle, Stan-

dard & Poor’s Bond Guide, and Mergent/Moody’s Bond Record – with existing datasets from

Lehman Brothers and Wharton Research Data Services (WRDS). By combining these sources,

we create monthly cross-sections of corporate bond records, offering unparalleled coverage and

granularity unattainable from any single source.

The database construction process involves meticulous data collection and validation, in-

cluding digitizing over 80,000 pages of archival material and implementing rigorous double-

blind data entry protocols to ensure accuracy. Since standard identifiers such as CUSIPs were

absent in the early period and not reported in archival records until much later, we construct

price and return time series across sources by manually tracking bonds by their names and

cross-checking their characteristics. Many of these bond characteristics are collected from

3For discussions on the issues of Ibbotson’s SBBI data and how they affect the size of the credit risk
premium estimate, see Hallerbach and Houweling (2011), Asvanunt and Richardson (2017), Kizer, Grover,
and Hendershot (2019), and McQuarrie (2020). A comprehensive review of this literature is provided by
Marsh, Dimson, and Staunton (2024).
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Moody’s Manual, a comprehensive reference series first published in 1900, providing detailed

information on companies and their securities. Drawing from over half a million manually

scanned pages, Moody’s Manual fills a critical gap in bond characteristics left by standard

datasets such as Mergent FISD, which focus on more recent periods. The resulting database,

encompassing over 100,000 unique bonds and more than 7 million observations, provides a

robust foundation for corporate bond research.

With this database in hand, we first document a set of historical facts about the U.S.

corporate bond market. In the late 19th century, the market was dominated by transporta-

tion bonds, reflecting the central role of railroad financing in early American capital markets.

Public utilities and industrial firms rose in prominence through the mid-20th century, while

financial issuers became dominant only in the post-1980 period. Beyond sectoral composi-

tion, bond characteristics also evolved substantially: bonds shifted from being predominantly

secured and extremely long-dated (with an average maturity of around 30 years) to largely

unsecured debentures with much shorter maturities (averaging about 10 years), and the dis-

tribution of credit ratings changed markedly over time in response to major market events and

structural shifts in the economy. These patterns highlight that the modern corporate bond

market represents only a small and relatively recent part of a much longer historical experi-

ence. Against this structural backdrop, our constructed yield and credit spread series capture

major episodes of economic distress – including the post-World War I recessions, the Great

Depression, the 1970s stagflation, and the 2008 global financial crisis – revealing substantial

time variation in credit conditions over the past century.

We also construct the time series of the value-weighted return on the aggregate corporate

bond market, which to our knowledge is the first built from the ground up using actual bond-

level prices over such a long horizon. By doing so, we avoid the ad hoc assumptions about

coupons and maturities that plague existing historical indices and obtain return patterns that

differ strikingly from the widely used SBBI data. While our series exhibits severe drawdowns

and extreme volatility during the Great Depression, Ibbotson’s series shows little movement

because it relies on synthetic returns derived only from the yields of AAA-rated bonds. Con-

3



versely, in the postwar period, the SBBI data artificially inflate return volatility by imposing

a counterfactually long maturity. By aggregating bond-level data, our return series provides a

much more accurate representation of how corporate bond market dynamics evolve over time.

Armed with this richer return history, we revisit the central question motivating our paper:

how large is the credit risk premium? Examining rating-sorted portfolios over the recent sam-

ple beginning in 1986 – the period studied by van Binsbergen, Nozawa, and Schwert (2025)

– we find results broadly consistent with theirs. The credit risk premium is small and sta-

tistically insignificant for investment-grade bonds, with the term premium accounting for the

vast majority of excess corporate bond returns. Extending the sample back to 1947 (postwar

sample) or even further back to 1926, however, paints a completely different picture. Over the

long run, the estimated credit risk premium is substantially larger and highly significant across

all rating categories, demonstrating a clear, monotonic relationship between credit risk and

its compensation. We further show that corporate bonds that are more exposed to aggregate

risk proxies, such as stock and corporate bond market returns as well as shocks to industrial

production growth and inflation, earn substantially higher expected returns. Crucially, this

cross-sectional variation is driven almost entirely by the credit risk premium.

Then, why do we obtain such a small estimate of the credit risk premium in the recent

sample? This finding is particularly puzzling and difficult to reconcile with the persistently

high credit spreads over the same period, a phenomenon often described as the “credit spread

puzzle.” Although the credit spread and the credit risk premium are conceptually distinct –

the former being a promised-yield differential and the latter an expected-return differential

that accounts for default losses – the two should track each other closely for investment-grade

bonds, where expected default losses are very small. Yet a striking divergence emerges when

the postwar period is split into two halves: while the average credit spread is remarkably stable

across the two subperiods, the estimated credit risk premium exceeds the average credit spread

in the first half (1947-1985) but falls well below it in the second half (1986-2022).

To reconcile this wedge, we derive a general relation decomposing the estimated credit

risk premium into the average credit spread, the spread duration effect, and the net convexity
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adjustment. This decomposition reveals that the recent period is highly unrepresentative:

spread increases and their impact through the spread duration effect dominate in the second

half of the postwar sample, pushing our estimate of the credit risk premium far below the

average credit spread. Over the full historical sample, which encompasses multiple cycles of

spread widening and tightening, this wedge narrows considerably, and the estimated credit

risk premium aligns closely with the average credit spread.

Furthermore, we identify an important measurement bias in the literature stemming from

the neglect of embedded call provisions when matching corporate bonds to Treasury bench-

marks. A large fraction of corporate bonds include callability features that allow issuers to

refinance their debt when interest rates decline. During the long secular decline in interest

rates following the 1980s, these embedded calls frequently moved into the money, causing ef-

fective durations to fall substantially below standard Macaulay durations. When these bonds

are incorrectly matched to long-duration Treasuries based on their Macaulay durations, the

benchmark implicitly assumes excessive interest rate exposure, mechanically inflating the es-

timated term premium and in turn systematically understating the credit risk premium. This

bias is important in the post-1986 subsample due to the persistent decline in interest rates

and compounds the small-sample problem discussed above.

Taken together, the evidence indicates that the corporate bond market has historically

offered a sizable reward for bearing credit risk. The apparent absence of such a premium

in some modern samples largely reflects data limitations and measurement challenges rather

than a fundamental feature of the corporate bond market. By extending the data back more

than a century, our analysis provides a clearer perspective on the long-run performance of

corporate credit.

Finally, we explore the time-series properties of our data by examining the relationship

between credit risk and business cycle fluctuations. To do so, we extend the aggregate credit

spread measure of Gilchrist and Zakraǰsek (2012), the so-called GZ spread, back to 1926,

substantially lengthening the original series. Our extended GZ spread robustly predicts future

corporate bond market returns across multiple horizons, indicating substantial time variation
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in expected returns in the corporate bond market. In addition, the GZ spread significantly

predicts the probability of an NBER recession over the subsequent year, even after controlling

for standard predictors such as the term spread and the real short rate. Beyond recessions, the

GZ spread also forecasts declines in real activity measures such as industrial production growth

and nonfarm payroll employment growth in the postwar sample, although this predictive power

weakens when the sample is extended back to the prewar period. This attenuation largely

reflects the statistical challenge of pooling distinct historical regimes – the prolonged episode

of elevated credit spreads during the Great Depression and in the prewar era, followed by

a sharp and persistent compression in the postwar period. Nonetheless, our extended series

provides a valuable out-of-sample validation for the economic content of the GZ spread over a

substantially longer time span, while revealing that its predictive power varies across regimes.

Overall, our database addresses a critical shortcoming in the literature by providing a

much-needed long-term perspective on corporate bond prices and returns. The unprecedented

richness of the data supports more rigorous empirical analysis of market dynamics, overcoming

the limitations of existing short-sample datasets. More broadly, our work demonstrates that

it is possible to construct a “CRSP” for corporate bonds by exploiting archival print sources,

thereby establishing a new benchmark for future empirical research.

Related literature

Our paper contributes to the extensive body of historical studies on asset markets, with

a particular focus on corporate bonds. Early contributions include Macaulay (1938), which

reports yield data for high-quality railroad bonds from 1856 to 1937, and the NBER-sponsored

studies of Hickman (1953, 1958, 1960), which provide extensive historical evidence on the size,

quality, and default experience of the U.S. corporate bond market over 1900-1944.4 While these

early studies provide important historical perspectives on the corporate bond market, they

focus primarily on yields, defaults, and other bond characteristics, providing little evidence on

returns. The first widely used long-run return series for the U.S. corporate bond market, which

4In addition, Friedman and Schwartz (1963) study U.S. monetary history from 1867 to 1960, and Homer
and Sylla (1991) trace the history of interest rates from ancient times to the late 20th century.
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begins in 1926, is provided by Ibbotson and Sinquefield (1976).5 This series, later incorporated

into Ibbotson’s SBBI data, serves as an important benchmark for corporate bond performance

in empirical research (Goyal and Welch, 2008). More recently, Dimson, Marsh, and Staunton

(2009) conduct a broad analysis of long-run investment returns on various assets, but the

limitations of existing corporate bond datasets remain clear: Chambers, Dimson, Ilmanen, and

Rintamäki (2024) emphasize the substantial challenges associated with the sparse availability

of data on quotes, credit ratings, defaults, and recovery rates, and argue that these limitations

make it difficult to measure the performance of the U.S. corporate bond market reliably,

at least prior to 1973. Accordingly, existing return series for the corporate bond market

are typically constructed from yield indices under ad hoc assumptions about coupons and

maturities. Our corporate bond database addresses these limitations and provides a stronger

foundation for analyzing the long-run performance of U.S. corporate bonds.6

Within this broader historical literature, three papers are particularly relevant to our work

and warrant direct comparison. First, Giesecke, Longstaff, Schaefer, and Strebulaev (2011)

construct a novel dataset on U.S. nonfinancial corporate bonds over 1866-2008 using archival

sources including the Commercial and Financial Chronicle, among others, as we do.7 Their

focus, however, is on measuring long-run default rates rather than assembling bond-level

information on prices and characteristics. Second, Jordà, Knoll, Kuvshinov, Schularick, and

Taylor (2019) provide a comprehensive examination of asset returns over nearly 150 years for

stocks, housing, and government bonds. Yet, their analysis does not include corporate bonds.

Third, Lehner, Payne, and Szoke (2025) compile long-run micro-level corporate bond data

to study the Treasury funding advantage, but their analysis focuses on the AAA segment

rather than the entire market. Our paper complements these important contributions by

constructing a new historical database that allows us to study long-run trends and pricing

patterns in the corporate bond market over more than a century.

5Influential work by Siegel (1992, 1994) presents long-run evidence on stock market performance.
6For a recent study of historical corporate bond returns on the Brussels Stock Exchange in Belgium, see

Van Mencxel, Annaert, and Deloof (2024).
7In a related study using the same dataset, Giesecke, Longstaff, Schaefer, and Strebulaev (2014) show that

over their 150-year sample period, corporate default crises had substantially smaller macroeconomic effects
compared to banking crises.
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Equipped with our corporate bond database, we shed new light on the long-running debate

over the size of the corporate credit risk premium. A classic benchmark is the result of Ibbot-

son and Sinquefield (1976), which has often been interpreted as implying only a modest credit

risk premium. Subsequent work, however, has questioned whether this conclusion reflects

the underlying return dynamics or limitations of the data. Hallerbach and Houweling (2011)

emphasize quality and maturity biases in Ibbotson’s series, while Asvanunt and Richardson

(2017) show that correcting the maturity mismatch raises the estimated premium materially.

By contrast, Kizer, Grover, and Hendershot (2019) and McQuarrie (2020) argue that, once

additional adjustments are made, the premium remains small in the available historical series.

Using a recent sample, van Binsbergen, Nozawa, and Schwert (2025) likewise find that corpo-

rate bond excess returns are driven largely by the term premium, leaving only a limited role

for the credit risk premium, especially for investment-grade bonds. Using the comprehensive

bond-level database we construct, we revisit this debate and provide new evidence on the true

size of the credit risk premium.

Lastly, our paper contributes to the literature on credit cycles, which examines how changes

in credit market conditions influence real economic activity. Gilchrist and Zakraǰsek (2012)

investigate the role of the GZ spread in predicting future macroeconomic outcomes. They

also calculate the excess bond premium, a measure that isolates credit market sentiment from

expected default risk, using firm-level data on corporate bond prices. Similarly, Greenwood

and Hanson (2013) show that during credit booms, the credit quality of corporate debt is-

suers deteriorates, signaling an overheating of credit markets that, in turn, predicts lower

excess returns for corporate bondholders. Building on this work, López-Salido, Stein, and

Zakraǰsek (2017) demonstrate that elevated credit-market sentiment, measured through the

spread between Baa-rated industrial bond yields and Treasury yields, predicts a decline in

future economic activity. Related, Atkeson, Eisfeldt, and Weill (2017) construct a long histor-

ical measure of firms’ financial soundness via distance to insolvency derived from structural

credit risk models and show that its cross-sectional distribution serves as an aggregate state

variable capturing business cycle fluctuations. Our paper adds to this literature by extending
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the GZ spread to a much longer historical sample.

The rest of the paper proceeds as follows. Section 2 describes the construction of our

corporate bond database. Section 3 presents new historical facts about the U.S. corporate

bond market and traces the behavior of corporate bond yields, credit spreads, and returns.

Section 4 studies the size of the credit risk premium. Section 5 extends the GZ spread and

explores the relationship between credit markets and business cycles. Section 6 concludes.

2 A new historical corporate bond database

To construct a historical corporate bond database that spans over a century, we comple-

ment existing datasets by hand-collecting monthly corporate bond quotes from three sepa-

rate sources: (i) the Commercial and Financial Chronicle, (ii) the Standard & Poor’s Bond

Guide, and (iii) Mergent/Moody’s Bond Record. Figure 1 illustrates the data coverage peri-

ods for these three new sources as well as for two existing datasets from Lehman Brothers and

Wharton Research Data Services (WRDS). By combining all five sources, we create monthly

cross-sections of corporate bond records spanning 128 calendar years, from 1895 to 2022.

Hand collected

Scanned & hand collected

Scanned & hand collected

Lehman WRDS

Scans not provided by the Fed

Limited physical copies Scanning & collection in progress

Limited physical copies Quarterly after 2003

1895 1963

1938 1941 1972

1934 1972 2003

1973 2002

1963 1987

1941 1972 2017

1972 2003 2022

1997 2022

Existing Datasets

Mergent/Moody's
Bond Record

S&P Bond Guide

CFC

Figure 1: Coverage of the new corporate bond database. This figure illustrates the construction of our historical corporate
bond database, showing data coverage periods for five sources: (i) Commercial and Financial Chronicle (CFC), (ii) Standard &
Poor’s (S&P) Bond Guide, and (iii) Mergent/Moody’s Bond Record, (iv) Lehman Brothers, and (v) Wharton Research Data
Services (WRDS). The first three sources are hand-collected and represent novel additions, while the latter two come from existing
datasets. The bars represent the availability of each data source, with darker shading indicating periods for which we collect
data. Annotations provide explanations for uncollected data periods. The resulting database comprises monthly cross-sections of
corporate bond records spanning 128 calendar years, from April 1895 to June 2022.
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In this section, we detail the construction of our database. We begin by describing the

process of hand-collecting monthly corporate bond records from the three archival sources,

highlighting their historical context, coverage, and content (Section 2.1). We then explain how

we enhance the data by adding comprehensive bond characteristics, manually collected from

Moody’s Manual (Section 2.2). Lastly, we outline how we clean the raw data and aggregate

information across sources to construct price time series (Section 2.3).

2.1 Print sources for historical corporate bond prices

The first print source, the Commercial and Financial Chronicle (in short, CFC), was a weekly

business newspaper published from 1865 to 1987. Although published weekly, the CFC offers

monthly bond records from May 1865 through supplementary publications.8 Scanned copies

of the CFC are available from the Federal Reserve Archival System for Economic Research

(FRASER), covering the period from May 1895 to December 1963, for which we collect data.9

Within these publications, bond quotes are provided under “General Quotations.” Initially,

bond records were categorized into “Railroad” and “Miscellaneous Securities,” reflecting that

railroad bonds were a dominant part of the early stage U.S. corporate bond market. As the

market evolved and expanded toward other industries, this categorization scheme was updated

in August 1916 to include “Railroad,” “Public Utilities,” and “Industrial and Miscellaneous

Securities.” As an example, Panel A of Figure 2 presents a partial segment from the March

1928 issue. The excerpt displays bid and ask prices, along with detailed information for each

bond, including the company/bond name and coupon dates. Sale prices, when available, are

marked with the prefix “s.”

The Standard & Poor’s Bond Guide (hereafter, S&P Bond Guide) is another print source,

published from 1938 to 2017.10 We first collect the physical copies and manually scan them

8These records appear in the “Quotation Supplement” from May 1895 to February 1902, the “Bank and
Quotation Supplement/Section” from March 1902 to February 1928, and the “Bank and Quotation Record”
from March 1928 to March 1987.

9Even within this period, some records are missing in FRASER, such as the January and February 1928
issues. In these cases, we obtain physical copies and manually scan them. Physical copies are also available for
the post-1963 period, but we assign a relatively lower priority to collecting data from them as bond coverage
in the CFC begins to decline in the 1950s and becomes limited by the time FRASER stops providing scans.

10Prior to May 1941, when Standard Statistics merged with Poor’s Publishing Company, this publication
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Panel A: Commercial and Financial Chronicle (March 1928)

Panel B: Standard & Poor’s Bond Guide (March 1953)

Panel C: Mergent/Moody’s Bond Record (January 1972)

Figure 2: Archival print sources for monthly corporate bond prices. This figure displays excerpts from scanned original
copies of three print sources: the Commercial and Financial Chronicle (Panel A), the Standard & Poor’s Bond Guide (Panel B),
and Mergent/Moody’s Bond Record (Panel C).
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to produce high-resolution images. Our data coverage is only partial, from January 1941

to December 1972, for two reasons. First, earlier issues are difficult to locate.11 Second,

although most post-1972 issues have been scanned, data entry is still ongoing.12 Panel B of

Figure 2 shows an excerpt from the March 1953 issue. Similar to the CFC, it provides the

company/bond name, coupon dates, and monthly bond quotes. In the “Last Sale or Bid Ask”

column, bid and ask prices are represented by two numbers, while a single number centered in

the column indicates a sale price. In addition to pricing data, the S&P Bond Guide includes

other bond characteristics, such as the S&P rating and yield to maturity. It also reports the

amount outstanding on a separate page, but the scan is omitted here due to space constraints.

Our third source was a print publication first released in 1934 under the title of Moody’s

Bond Record. In 1998, however, Moody’s Investors Service sold its publishing division to

Financial Communications, which later became Mergent, leading to the rebranding of the

publication as Mergent’s Bond Record in July 1999. We collect and manually scan physical

copies for the period between January 1972 and December 2003. We begin our data collection

from 1972, although the publication dates back to 1934, due to difficulties in finding earlier

physical records. We stop our data collection at 2003, despite its continued availability beyond

2003, because its publication frequency changed to quarterly thereafter. Panel C of Figure 2

features a portion of the January 1972 issue. Like the CFC and the S&P Bond Guide, it

includes information such as the company/bond name, coupon dates, and monthly bond

quotes. The “Current Price” column typically contains bids or sales; if a single price is

listed, an accompanying note describes the type (bid/sale), but if there are two numbers, they

represent bid and ask prices. While more condensed than the S&P Bond Guide, it contains

comparable details, including Moody’s rating, yield to maturity, and the amount outstanding.

We convert these scanned records – totaling over 80,000 pages across the three sources

– into a machine-readable format. Each price is entered manually because the documents

are old and lack a consistent layout, making standard OCR highly unreliable. To ensure

was known as Poor’s Bond Guide.
11Related, we are unable to obtain the October 1945 and March 1948 issues.
12While this period is well covered by other data sources, we plan to continue our data collection for

robustness checks.
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accuracy, we implement a rigorous double-blind data entry process involving three independent

freelancers. Freelancers A and B separately enter all values, and Freelancer C compares their

entries, resolving any discrepancies by consulting the original scan. The accuracy rate of each

freelancer typically exceeds 99%. Combined with the double-blind procedure, this should

result in data that closely reflect the original documents. The Internet Appendix describes

how the excerpts in Figure 2 are transformed into Excel-format data, along with further

explanation of the symbols, abbreviations, and prefixes used in the original print sources.

Two clarifications are in order regarding how bond prices are reported in the archival

sources. First, by default, all three sources report clean prices per $100 of face value.13

Accordingly, to compute the actual amount paid by the buyer (i.e., the dirty price), accrued

interest must be added to the reported price, unless the bond is quoted “flat” or marked

with “f .” A bond trades flat when no accrued interest is due, typically because the issuer is

in default and no longer makes interest payments, or because it is structured as an income

bond (more prevalent in the past and notably issued by railroad companies under financial

hardship), for which interest is payable only if the issuer has sufficient earnings.14

Second, bonds have quoted prices even after default, as they continue to trade based on the

residual value of the claim. The CFC reports prices for many defaulted bonds, which tend to

trade at very low values. In the S&P Bond Guide, default status is explicitly flagged: as shown

in Panel B of Figure 2, the label “def” in the yield column indicates the bond has been in

default since the date listed next to it. Similarly, in Mergent/Moody’s Bond Record, default

information appears in the “Interest Dates” column, where interest and principal defaults

are denoted with symbols : and ;, respectively, along with the associated default date. This

feature helps mitigate concerns about survivorship bias, because unlike stocks, returns around

default events for bonds remain observable and are not lost from the data.

13The CFC adopted this convention beginning with the February 1909 issue, following the New York Stock
Exchange’s transition to quoting all bonds in terms of clean prices starting January 2, 1909. Before this
change, the CFC primarily reported dirty prices and used a specific mark to indicate when clean prices were
reported.

14The CFC often puts “f” for non-defaulted, non-income bonds. This implies that the reported price is a
dirty price, inclusive of accrued interest.
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2.2 Bond characteristics from Moody’s Manual

In the process of compiling monthly corporate bond quotes, we also collect information about

the bonds themselves. While some attributes are explicitly given as separate fields (e.g., inter-

est payment dates), most are parsed from the bond name (e.g., coupon rate, maturity date).

Relying solely on bond names is, however, risky and often unreliable; the print publications

can easily have typos and occasionally omit elements due to space constraints. Moreover,

some bond attributes are simply absent depending on the source. For instance, the CFC does

not report amounts outstanding or credit ratings. It is therefore important to verify the in-

formation collected from monthly records and to supplement it with additional characteristics

when necessary.

To this end, we exploit Moody’s Manual, an annual reference series that contains detailed

information on companies and their securities. First published in 1900, the manual includes

not only company history and business description but also financial statements and details

of the securities issued.15 This allows us to verify bond attributes and supplement missing

details. Note that for similar purposes, Mergent FISD (Fixed Income Securities Database) is

widely used in the literature. While it provides good coverage for bonds that were actively

traded in the mid-1990s onward, its coverage of older bonds is virtually nonexistent. Since our

goal is to extend the data over a much longer horizon, Mergent FISD alone is insufficient.16

We bridge this gap by referencing Moody’s Manual.

We collect physical copies of Moody’s Manual and scan them to create digital copies. Each

annual volume covers a large number of firms, totaling several thousand pages. To illustrate

our mapping process, consider the bond record “Gen’l Elec 3 1/2s 1942 opt” observed in

Panel A of Figure 2. The process begins by identifying the bond issuer from the bond name –

15Only a few prior studies have utilized firm-level accounting and financial statement data from Moody’s
Manual. Wahal (2019) hand-collects data on revenues, cost of goods sold, SG&A expenses, depreciation,
interest expense, and total assets for 1940-1963 to examine profitability and investment premiums. Kuehn,
Schreindorfer, and Schulz (2023) extract firm-level leverage ratios from Moody’s Manual for 1927-1935 and
calibrate their structural credit risk model to the Great Depression episode.

16Mergent FISD has virtually no overlap with our corporate bond records from the CFC (1895-1963) and
limited overlap with our collected portion of the S&P Bond Guide (1941-1972). Many bonds from Mer-
gent/Moody’s Bond Record (1972-2003) also remain unmatched.
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Figure 3: Moody’s Manual – General Electric. This figure displays a section of the 1929 Moody’s Manual containing
information about General Electric. The excerpt provides details on the company’s history, business description, condensed
financial statements, and issued securities. Specifically, bond details are listed in the “Bond Records” table and its caption. From
this, we collect and verify key bond attributes, including the issue date, dated date, maturity date, coupon details (rate, type,
payment dates), denomination currency, issuer domicile, collateral status, embedded options, amount outstanding, and Moody’s
credit rating.

in this case, General Electric (GE). For each year we observe this bond, we search for GE in

that year’s manual. Figure 3 shows the relevant section from the 1929 volume. Along with the

company’s income statement and balance sheet, the “Bond Records” table provides detailed

information on its outstanding bonds. We identify the bond in question and validate the

attributes already in our data. Additionally, we collect any missing information, such as issue

date, dated date, maturity date, coupon details (rate, type, and payment dates), denomina-

tion currency, issuer domicile, collateral status, embedded options, amount outstanding, and

Moody’s credit rating. The last two items can vary over time, so we update them annually.

Our data collection currently traces back to 1917. Moody’s first published bond ratings in

1909, with coverage in earlier issues less comprehensive and primarily focusing on railroad

bonds.
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2.3 Data cleaning and time series aggregation

Our historical corporate bond database is constructed by consolidating monthly bond records

from five different sources. As an initial step, we perform basic data integrity checks to

identify potential publication errors. Specifically, we flag observations in which the bid price

exceeds the ask price, monthly price changes are unusually large, prices differ substantially

across sources, or bond characteristics are inconsistent with the Mergent FISD. Most of these

issues stem from typographical errors (such as switched values, misplaced entries, or missing

digits), which we either correct or remove. Our detailed procedure for error detection and

data cleaning, along with concrete examples, is provided in the Internet Appendix. We also

provide a detailed description of the issues in the Lehman data and explain how we identify,

clean, and correct them.

Next, we generate and assign a unique ID to each bond because consistent bond identifiers

are lacking within and across sources. Neither the CFC nor the S&P Bond Guide provides

bond identifiers; although CUSIPs (Committee on Uniform Security Identification Procedures)

were introduced in 1964, they were not reported in Mergent/Moody’s Bond Record until 1991.

Despite this, we manually track bonds over time and construct their time series based on their

names.17 It is important to note that for the three print sources, the publication month does

not correspond to the data month: the published bond records reflect values at the end of

the preceding month. For example, the March 1928 issue of the CFC contains bond quotes

observed at the end of February 1928. Therefore, we shift the publication month backward

by one month to align with the actual data month.

With the bonds linked into consistent time series, we then apply standard filters follow-

ing Dickerson, Mueller, and Robotti (2023), retaining only corporate bonds issued by U.S.-

domiciled entities and denominated in U.S. dollars. We also exclude exotic instruments such

as structured notes, equity-linked notes, mortgage-backed securities, and asset-backed securi-

17This process is not always straightforward. For instance, bond names can change due to issuer name
changes or M&As. Inconsistent formatting, such as variations in abbreviations, acronyms, or omitted terms,
can further complicate tracking. To maintain accuracy, we review these cases individually. When a bond
name disappears in one month, we examine bonds that newly appear in the same period to check if one of
them is actually the same bond, just under a different name. This verification is based on comparing the
characteristics of the original and candidate bonds, with the help of Moody’s Manual.
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ties.18 Unlike Dickerson, Mueller, and Robotti (2023), we keep bonds with variable coupons,

nonstandard coupon frequencies, or convertible features at this stage, as they are legitimate

corporate bonds and should remain in the database.19

Table 1 provides descriptive statistics for the aggregate corporate bond database, which

spans more than a century, from April 1895 to June 2022. The three new hand-collected

sources significantly improve the breadth and depth of the database, bringing the total to

over 100,000 unique bonds and more than 7 million observations. The CFC and S&P Bond

Guide extend the historical coverage into the early 1900s and even the late 1800s. Although

Mergent/Moody’s Bond Record largely overlaps with the Lehman Brothers dataset in terms

of sample period, it is especially valuable for filling the data gap between Lehman Brothers

and WRDS from 1998 to 2002.

Source Sample period # Unique bonds # Observations # Bonds per month

CFC 04/1895 – 11/1963 16,653 1,935,252 2,349
S&P Bond Guide 12/1940 – 11/1972 10,799 971,289 2,529
Mergent/Moody’s Bond Record 12/1971 – 11/2003 25,579 2,402,367 6,256
Lehman Brothers 01/1973 – 03/1998 18,603 1,659,923 5,478
WRDS 07/2002 – 06/2022 63,097 2,436,008 10,150

Aggregate database 04/1895 – 06/2022 101,395 7,335,499 4,804

Table 1: Descriptive characteristics by source. The table presents descriptive characteristics of our corporate bond
database, which spans from April 1895 to June 2022 and combines data from five major sources: CFC, S&P Bond Guide,
Mergent/Moody’s Bond Record, Lehman Brothers, and WRDS. For each source, it shows the sample period, total number of
unique bonds, total number of observations, and the average number of bonds per month. The final row represents the aggregated
corporate bond database.

3 Long-run perspectives on the corporate bond market

Leveraging our newly constructed database, this section presents historical patterns in the U.S.

corporate bond market and provides long-run perspectives. We document trends in bond

characteristics (Section 3.1), yields (Section 3.2), credit spreads (Section 3.3), and returns

(Section 3.4).

18Dickerson, Mueller, and Robotti (2023) additionally discard bonds that are privately placed or traded
under Rule 144A, using the relevant field provided by Mergent FISD. We apply this filter where possible: all
bonds in WRDS and some in Mergent/Moody’s Bond Record and the Lehman Brothers dataset are matched
with Mergent FISD. For other bonds, such classification is not available.

19We later drop them from our empirical analysis of yields and returns, consistent with standard practice.
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3.1 Trends in bond characteristics

Figure 4 illustrates how key characteristics of the U.S. corporate bond market have changed

over time, with bars corresponding to December observations shown at five-year intervals.

Panel A shows the sectoral composition of outstanding corporate bonds starting in December

1895. In the early part of the sample, the market is overwhelmingly dominated by transporta-

tion firms, reflecting the central role of railroad bonds in 19th- and early 20th-century capital

markets. Railroad projects required massive, long-term investments that were largely financed

through bond issuance, making transportation bonds the backbone of the early corporate

bond market. Beginning in the early 20th century, public utilities emerge as an increasingly

important sector, consistent with the expansion of electricity, water, and telecommunications

infrastructure. Industrial firms gradually gain prominence over the mid-20th century as manu-

facturing and diversified conglomerates expand their use of public debt markets. By contrast,

the dominance of financial issuers is a relatively recent phenomenon, concentrated in the

post-1980 period and driven by the growth of large, bond-issuing financial intermediaries and

holding companies. These patterns imply that the industry composition of the corporate bond

market has shifted substantially over time and that modern samples capture a very different

issuer mix than earlier periods.

While the industry information in Panel A is inferred directly from issuer names in monthly

bond records, the bond characteristics shown in the remaining panels rely on data from

Moody’s Manual, which we collect beginning in 1917. Consequently, Panels B, C, and D

start in December 1920. Panel B presents changes in the number of non-financial corporate

bonds by credit rating. In 1920, the majority of outstanding bonds carry high ratings, par-

ticularly AAA and AA. Low-rated bonds observed prior to World War II were predominantly

“fallen angels,” that is, bonds initially issued with high ratings and subsequently downgraded

following firm-specific or macroeconomic distress. As a result, high-yield (speculative-grade,

rated BB or below) bonds were rare outside of episodes such as the Great Depression, when

widespread downgrades temporarily increased their share. A structural change occurs in the

mid-1970s, when speculative-grade bonds begin to be issued directly rather than arising pri-
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Panel A: Industrial sector
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Panel C: Collateral status
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Figure 4: Historical trends in bond attributes. This figure illustrates changes in key characteristics of the U.S. corporate
bond market over time using our newly constructed corporate bond database. Bars correspond to December observations shown
at five-year intervals. Panel A shows the sectoral composition of outstanding corporate bonds beginning in December 1895.
Panels B, C, and D focus on non-financial corporate bonds and are shown from December 1920 onward. Panel B presents the
number of bonds by credit rating. Panel C contrasts the notional value-weighted shares of secured and unsecured bonds. Panel D
reports the notional value-weighted average time to maturity.

marily through downgrades, following the development of the modern junk bond market and

the role of underwriters such as Lehman Brothers (Taggart, 1988). Over the same period,

the share of the highest-rated bonds declines after peaking in the 1980s, reflecting the sharp

decline in the number of AAA-rated issuers, with only a couple remaining today compared

with several dozen in earlier decades.

Panel C contrasts the value-weighted shares of secured and unsecured bonds issued by non-

financial firms. In the early part of the sample, secured bonds account for most of outstanding

issuance (near 80%). For example, railroad issuers, which were major borrowers at the time,

typically issued bonds secured by physical rail assets including tracks, rolling stock, and

related infrastructure. Similarly, public utility companies often relied on secured borrowing,

with bonds backed by tangible assets such as power plants. Over time, the share of secured
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bonds declines steadily, with debentures becoming the dominant form of corporate debt. This

gradual but persistent shift toward bond issuance supported by general corporate credit is

consistent with prior evidence documenting the declining role of collateral in corporate debt

markets (Benmelech, Kumar, and Rajan, 2024).

Lastly, Panel D reports the value-weighted average time to maturity of non-financial corpo-

rate bonds. Early in the sample, corporate bonds were issued with very long maturities, often

extending several decades. This stems from the prominent use of secured debt by railroad

and utility firms, whose financing needs favored long-dated debt that was more closely aligned

with the economic lives of their assets. Over time, the average maturity declines steadily,

reaching roughly 10 years in the modern era. This trend has important implications for the

interpretation of corporate bond returns, as time to maturity is directly related to duration

and, hence, exposure to interest rate fluctuations.

3.2 Corporate bond yields

We now turn to pricing patterns observed in our historical sample. We begin with the yield

to maturity, defined as the constant discount rate that equates the present value of a bond’s

promised cash flows to its market price. Before converting prices into yields, we apply several

additional filters standard in the literature (see Dickerson, Mueller, and Robotti, 2023), ex-

cluding bonds with convertible features, variable coupons, or nonstandard coupon frequencies,

as these complicate conventional yield calculation.20 Bonds missing any of the key inputs for

yield calculation, such as the coupon rate, coupon frequency, or maturity date, are removed

from the sample, and a minimum time to maturity of one year is imposed to mitigate poten-

tial biases associated with short-term securities. We also exclude bonds issued by financial

firms. The monthly time series of final bond counts by data source is provided in the Internet

Appendix.

Figure 5 plots the monthly time series of median corporate bond yields from May 1895

20While our intention is to include both secured bonds and unsecured debentures (with no specific collateral
attached), we exclude equipment trust certificates, a type of secured bond collateralized with specific movable
physical assets such as railroad cars, ships, or airplanes. This is consistent with the standard filters of Dickerson,
Mueller, and Robotti (2023), which drop these bonds using ASSET BACKED = N.
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to June 2022, with each data source shown in a different color. Despite patching together

data from different sources, the figure shows a relatively smooth transition when moving from

one dataset to another, suggesting strong consistency. The near-perfect overlap between Mer-

gent/Moody’s Bond Record and the Lehman Brothers dataset offers additional reassurance.
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Figure 5: Time series of median bond yields. This figure presents the monthly time series of median corporate bond yields,
with each data source represented by a distinct color: CFC (blue), S&P Bond Guide (orange), Mergent/Moody’s Bond Record
(green), Lehman Brothers (red), and WRDS (purple). All values are expressed in percentages. The sample period is from May
1895 to June 2022.

The figure reveals several important historical patterns in bond yields. A marked increase

is observed before and at the beginning of the 1920s, reflecting higher borrowing costs during

the post-World War I recessions of 1918-1919 and 1920-1921. This is followed by a sharp

spike in yields during the economic downturns of the Great Depression in the 1930s. The

most pronounced upward trend begins in the mid-1960s and peaks in 1980, driven by the

persistent inflationary pressures of that period. This substantial rise in yields is followed by a

gradual decline over the subsequent decades, corresponding to a period of diminishing inflation

and sustained decreases in interest rates.

The figure also highlights notable spikes in bond yields associated with recent major eco-

nomic downturns. An increase is visible around the 2000 dot-com bubble burst. More signif-

icantly, the 2008 global financial crisis triggered a substantial rise in yields. In 2020, yields

spiked during the COVID-19 pandemic as the market reacted to uncertainty, though it quickly

stabilized following monetary easing. Another sharp increase occurred in 2022, driven by the

recent inflationary episode and the tightening of monetary policy by the Federal Reserve.
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3.3 Credit spreads

Bond yields are influenced by several factors, including the short-term risk-free rate, the term

spread, and corporate credit risk. To isolate the role of credit risk, we compute the credit

spread for each bond in our database as the difference between its yield and the yield of a

hypothetical Treasury bond with identical cash flows, following Gilchrist and Zakraǰsek (2012).

To construct this Treasury yield benchmark, we estimate the monthly term structure of

zero-coupon Treasury yields over our full sample period. For the post-1961 period, which is

covered by the CRSP daily file, we rely on the yield curve estimates of Gürkaynak, Sack, and

Wright (2007). Constructing yield curves for earlier periods is more challenging, as Treasury

data become increasingly sparse. For the post-gold standard period (1934-1961), we apply the

methodology of Gürkaynak, Sack, and Wright (2007) to the CRSP monthly file, since there

are sufficient yield observations to support estimation. For the pre-1934 gold standard era,

we use the posterior median term structures estimated by Payne, Szőke, Hall, and Sargent

(2025). Full implementation details are provided in Appendix A. Finally, using the estimated

zero-coupon yield curve, we calculate the price of the hypothetical Treasury bond and back

out its implied yield to maturity.

The dotted black line in Figure 6 plots the monthly time series of median credit spreads

from April 1895 to June 2022. The figure further reports median credit spreads across four

rating categories: (i) AAA/AA (solid blue line), (ii) A (solid orange line), (iii) BBB (solid

green line), and (iv) BB or below (solid red line). These rating-specific series begin later, in

December 1917, reflecting the availability of credit rating information in our data collection.21

Several notable patterns emerge. Credit spreads rise sharply during the Great Depression,

reflecting heightened default risk, financial instability, and elevated borrowing costs during

this period of severe economic distress. After the 1930s, spreads gradually narrow over the

subsequent decades before rising again during the 2008 global financial crisis, when severe

market turmoil and tight credit conditions push spreads to levels not observed since the Great

Depression. A similar, though shorter-lived, spike appears during the COVID-19 pandemic.

21In the early period covered only by the CFC, ratings are updated annually because they are collected from
Moody’s Manual. In later periods, other sources provide monthly ratings, as described in Section 2.2.
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Figure 6: Time series of median credit spreads. This figure presents the monthly time series of median credit spreads
(dotted black line) and for four rating categories: (i) AAA/AA (solid blue line), (ii) A (solid orange line), (iii) BBB (solid green
line), and (iv) BB or below (solid red line). All values are expressed in percentages. The sample period for the dotted black line is
April 1895 to June 2022. The rating-specific series begin in December 1917, reflecting the availability of credit rating information
in our current data collection.

The figure also reveals substantial variation across rating categories, with a clear hierarchy

in levels. Lower-rated bonds, particularly those of speculative grade, consistently exhibit

higher credit spreads than higher-rated bonds. These gaps widen markedly during episodes

of economic stress, including the Great Depression, the 2008 global financial crisis, and the

COVID-19 pandemic.

3.4 Corporate bond returns

While yields and credit spreads measure the compensation investors expect for holding corpo-

rate bonds, realized returns capture the actual performance over a given period. Let P i,Clean

t

denote the clean price of bond i at time t. The dirty price of the bond P i,Dirty

t is calculated

as P i,Dirty

t � P i,Clean

t �AIit, where AI
i
t represents the accrued interest from the previous coupon

payment date to time t. The holding period return between time t and time t � 1 is then

given by

rit�1 �
P i,Dirty

t�1 � P i,Dirty

t � Cpni
t�1

P i,Dirty

t

, (1)

where Cpni
t�1 is any coupon payment made during this period.

The quotes we collect from the three print sources are either bid, ask, or sales prices.
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While most quotes are bids, other types appear frequently, particularly in the earlier months

of the sample.22 Whenever possible, we compute bid-to-bid, ask-to-ask, and sales-to-sales

returns, without mixing different price types. When multiple returns are available within a

source based on different price types, we take their average. If the same bond’s returns can

be calculated from multiple sources due to overlapping coverage, we take the average of the

within-source averages. When no return can be calculated using identical price types from

any source, we instead rely on the return from the average price in one month to the average

price in the next month.23 Again, if such a return is available from more than one source, we

take their average. Finally, the excess return is obtained as rxi
t�1 � rit�1� rf,t, where the data

on the 1-month risk-free rate rf,t are from Kenneth French’s website.

Panel A of Figure 7 presents the value-weighted excess return on the aggregate portfolio

of corporate bonds at each point in time. The time series begins in July 1926 to align with

the start of the CRSP stock database. Consistent with the literature, value weights are based

on the amount outstanding for each bond.24 For portfolio construction, we adopt the price

filters of Dickerson, Mueller, and Robotti (2023), eliminating observations with prices below

$5 or above $1,000 to prevent extreme values from distorting portfolio returns.25 During

this period, the average excess return on the aggregate corporate bond market is 0.36% per

month, corresponding to an annual risk premium of 4.29%. This return is accompanied by an

annualized volatility of 7.78%, resulting in a Sharpe ratio of 0.55, which is somewhat higher

22Sales prices are available exclusively for exchange-traded securities. While corporate bonds are seldom
traded on exchanges in the modern era, they were actively traded on exchanges during the first half of the
20th century. See Biais and Green (2019).

23For example, if only a bid price is available in one month and only a sales price in the next, the return is
computed from the average price in each month, effectively producing a bid-to-sale return. While this mixes
price types, it preserves observations that would otherwise be lost. This approach is relatively innocuous,
especially for cumulative returns over multiple periods (the focus of Section 4); using different price types in
intermediate months does not affect the overall cumulative return, as it ultimately depends only on the first
and last prices. By contrast, missing intermediate observations can distort the cumulative return.

24For some bonds, the amount outstanding is reported by multiple sources, and we occasionally observe
discrepancies among them. These are typically due to one source lagging a few months in revising the amount.
Historically, many bonds included sinking fund provisions, which gradually reduced the amount outstanding
over time. To capture this partial debt retirement in a timely fashion, we use the smallest reported value.

25These price filters are applied on an ex-ante basis to avoid look-ahead bias. For example, suppose a bond
is included in the portfolio at time t, but its price falls below $5 or rises above $1,000 at time t � 1. The
bond’s return between t and t � 1 enters the portfolio return. However, when forming the portfolio at t � 1,
the bond is assigned zero weight and therefore does not affect the portfolio return between t� 1 and t� 2.
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than that of the aggregate stock market (0.43) over the same period.26
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Panel B: Ibbotson’s SBBI data
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Figure 7: Time series of corporate bond returns. This figure juxtaposes the monthly time series of corporate bond returns
from two sources. Panel A reports the value-weighted excess returns on all corporate bonds available in our database at each
point in time, with weights based on the amount outstanding for each bond. Panel B reports the corporate bond return series
from Ibbotson’s SBBI data. All values are expressed in percentages. The sample period is from July 1926 to June 2022.

The figure also demonstrates how the corporate bond market responds to major economic

events. The time series highlights periods of extreme volatility, with pronounced spikes in

both positive and negative excess returns during economic crises. The Great Depression

of the 1930s stands out, with bond market returns showing extreme fluctuations, reflecting

severe financial distress and widespread defaults. Similarly, the stagflationary episode of the

1970s is marked by heightened return volatility. A comparable pattern appears during the

2008 financial crisis, particularly around the collapse of Lehman Brothers. In contrast, the

1950s and 1960s exhibit a prolonged period of low return volatility, coinciding with the strong

postwar economic expansion.

In comparison, Panel B plots the corporate bond return series from Ibbotson’s SBBI

data, available on Amit Goyal’s website. The most striking difference appears in the prewar

period. Whereas our series exhibits sharp swings during the Great Depression, Ibbotson’s

26A higher Sharpe ratio for corporate debt than for equity is consistent with the predictions of structural
credit risk models with priced asset variance risk (e.g., Du, Elkamhi, and Ericsson, 2019). In such models,
asset variance has two effects, as analyzed by Doshi, Ericsson, Fournier, and Seo (2024): (i) higher asset
variance raises discount rates, lowering the values of both debt and equity; (ii) higher asset variance increases
the value of equity, which is effectively a long call option on the firm’s assets, while decreasing the value of
debt, which is essentially a short put option. These two effects therefore operate in the same direction for
corporate debt, making it more sensitive to variance risk. As a result, debtholders require disproportionately
higher compensation for bearing variance risk despite their lower leverage, leading to a higher Sharpe ratio.
The Internet Appendix further shows that, due to this relatively high Sharpe ratio, the optimal portfolio
allocates the largest weight to corporate bonds when considered jointly with stocks and Treasuries.

25



shows little movement. This seems implausible, given the extreme volatility observed in the

stock market at the time. The discrepancy likely reflects major biases in how Ibbotson’s series

is constructed. From 1926 to 1945, Ibbotson and Sinquefield (1976) calculate synthetic bond

returns from yields, assuming a 20-year maturity and 4% coupons, based on the S&P High-

Grade Corporate Composite Bond Index, which included only AAA-rated bonds. Not only

is this approach detached from actual bond-level returns, it also introduces a severe quality

bias by retaining only the safest bonds that managed to stay AAA through the most severe

economic crisis of the century. Figure 6 clearly shows that in our database the median credit

spread was far from the AAA rating during that period.

This issue of representativeness extends well beyond the prewar period. From 1946, Ib-

botson’s return series relies on the Salomon Brothers Long-Term High-Grade Corporate Bond

Index all the way until 2017, focusing on AAA- and AA-rated bonds and calculating returns

under the assumption of 20-year constant maturity.27 This explains why Ibbotson’s return

series appears much more volatile than ours in the postwar sample. As shown in Panel D of

Figure 4, the average bond maturity was around 20 years in the 1960s but declined steadily

thereafter; as a result, the assumption of a 20-year maturity mechanically inflates volatility

in Ibbotson’s series.

To the best of our knowledge, our paper is the first to construct a long-run return series

for the aggregate corporate bond market from the ground up. We do not rely on ad hoc

assumptions about maturity or coupons. Instead, we collect all available bond prices every

month and directly compute return series that aggregate up to the market level. This approach

provides a more realistic view of how corporate bond risk and return characteristics evolve

across different financial and macroeconomic regimes.

27Because the index begins in 1969, Ibbotson and Sinquefield (1976) backdate it using Salomon Brothers’
yield data. After Salomon Brothers was acquired in the late 1990s, the index was renamed the Citigroup
Long-Term High-Grade Corporate Bond Index. In 2017, it was taken over by FTSE Russell.
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4 Credit risk premia

Building on the descriptive patterns of the corporate bond market documented in Section 3,

we conduct a quantitative assessment of its long-run performance. The central concept in this

analysis is the credit risk premium: the compensation corporate bond investors demand for

bearing additional risk relative to Treasury securities. To illustrate, we decompose the excess

return on a corporate bond rxi
t�1 � rit�1 � rf,t into two parts:

rxi
t�1 �

�
rit�1 � ri,Trsy

t�1

�
�

�
ri,Trsy

t�1 � rf,t
�
, (2)

where ri,Trsy

t�1 denotes the return on a “comparable” Treasury bond. Following the literature,

we consider two ways to define this Treasury benchmark. The first approach, called cash

flow matching, uses a hypothetical Treasury bond with identical cash flows, as in the calcula-

tion of credit spreads in Section 3.3. Cash flow matching is straightforward and ensures the

same maturity. However, it produces a longer duration for the Treasury bond, since its lower

discount rate places greater weight on later cash flows. For isolating the pure credit risk com-

ponent, the second approach, called duration matching, is more suitable because it equalizes

the sensitivity of the two bonds to interest rate risk. Specifically, we follow van Binsbergen,

Nozawa, and Schwert (2025) but refine their method with recursive iterations to construct

a portfolio of zero-coupon Treasury bonds whose Macaulay duration is exactly identical to

that of the original corporate bond. Appendix B provides the mathematical details of how we

compute yields and returns under the two matching methods.28 In both cases, the literature

abstracts away from the common presence of embedded call options, even though this can

create a substantial wedge between the Macaulay duration and the effective duration. As we

point out later in this section, this can become an important source of bias when interest

rates persistently fall and embedded options become in the money, as observed in the secular

decline of interest rates during the post-1980 period.

The first component of equation (2) represents the excess return on a corporate bond

28We conduct analysis using both methods but report the results based on duration matching as the main
ones when there is a space constraint. The results are qualitatively similar.
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relative to its Treasury benchmark, which reflects the credit risk premium. The second com-

ponent represents the return on the Treasury benchmark in excess of the risk-free Treasury

bill, which reflects the term premium. We can take the time series average of these two excess

returns to obtain estimates of the respective premia. However, tracking a single bond over

a long horizon is difficult because most bonds have finite maturities. For this reason, these

premia are typically estimated based on portfolios. For a portfolio with weights wi
t, we take

the weighted average of equation (2) across bonds and then average it over time:
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In other words, as the sample length T increases, the time series average of the corporate

bond portfolio return rpt�1 �
°

i w
i
tr

i
t�1 in excess of the corresponding Treasury portfolio return

rp,Trsy

t�1 �
°

i w
i
tr

i,Trsy

t�1 converges to the credit risk premium. This points to another potential

source of bias: a small-sample problem. If the sample period is too short, the average excess

portfolio return might not be close to the true risk premium.

The main puzzle in the literature is that the credit risk premium appears to be very small,

if not zero. This finding is largely based on relatively recent samples starting in the 1980s.

Evidence from longer periods exists but typically relies on Ibbotson’s SBBI data, which suffer

from well-documented issues and biases, as discussed in Section 3.4. Since our database spans

more than a century and covers the full cross-section of corporate bonds, we can provide more

reliable estimates of the credit risk premium and revisit these results.

Section 4.1 examines the performance of various credit portfolios across different sample

periods. While the estimates of the credit risk premium differ across samples, Section 4.2

documents that the magnitudes of the average credit spread is comparable. To reconcile these

empirical facts, we derive a general relation between the credit risk premium and the credit

spread, highlighting the forces that drive the wedge between the two. Potential concerns about

the representativeness of recent subsamples are discussed, along with the bias from ignoring

embedded calls. Section 4.3 studies the performance of corporate bond portfolios sorted by
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their exposures to aggregate risk proxies. These exercises consistently point to the conclusion

that the credit risk premium is economically large and that investors require meaningful ex

ante compensation for bearing corporate credit risk.

4.1 Performance of corporate bonds relative to Treasuries

We start by examining the performance of corporate bond portfolios sorted by credit rat-

ing. Table 2 reports the results for the recent sample beginning in 1986, which mirrors the

sample period of van Binsbergen, Nozawa, and Schwert (2025). For each portfolio, we re-

port the average return, duration, and excess return relative to Treasury bills. The average

excess return is then decomposed into the credit risk premium and the term premium using

comparable Treasuries constructed under both duration matching and cash flow matching.

We primarily discuss the results based on duration matching, as it better isolates the credit

component, but the estimates under cash flow matching are generally similar. All returns

are annualized percentages, and durations are expressed in years. Shown in square brackets

are t-statistics, computed using Newey-West standard errors with 12 lags. For now, we focus

on value-weighted portfolios with credit ratings from AAA/AA through B; distressed bonds

(rated CCC or below) are excluded here and analyzed separately in the Internet Appendix.29

Table 2 largely confirms the main finding of van Binsbergen, Nozawa, and Schwert (2025):

the credit risk premium is estimated to be small over the last four decades. For example,

AAA/AA bonds earned a 6.68% average return, corresponding to a 3.75% excess return over

Treasury bills. Only a small fraction of this excess return is attributable to the credit risk

premium, which is estimated to be 0.25% and is statistically insignificant (t-statistic of 0.58).

As we move from the highest rating toward lower credit ratings, the average return generally

rises and the estimated credit risk premia increase monotonically. Within the investment-grade

categories, the premium remains very small (0.25% for AAA/AA, 0.34% for A, and 0.78% for

29We consider distressed bonds separately because their prices are substantially noisier. They are generally
more illiquid, and their returns are highly sensitive to small price movements and to whether coupon payments
are made in full. Most of the existing empirical evidence on the credit risk premium focuses on investment-
grade bonds. The Internet Appendix shows that, consistent with the BB and B categories, bonds rated CCC
or below also exhibit a large (in fact, much larger) credit risk premium.
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Duration matching Cash flow matching

Return Duration Excess return = CRP + TP = CRP + TP

AAA/AA 6.68 7.66
3.75 0.25 3.50 0.23 3.52
[3.92] [0.58] [3.23] [0.51] [3.19]

A 6.73 7.79
3.81 0.34 3.47 0.29 3.52
[3.75] [0.60] [3.21] [0.49] [3.17]

BBB 7.06 7.13
4.14 0.78 3.36 0.68 3.46
[3.79] [0.90] [3.35] [0.76] [3.31]

BB 9.16 5.80
6.23 3.22 3.02 3.09 3.15
[4.88] [2.59] [3.42] [2.45] [3.38]

B 8.69 4.96
5.77 3.06 2.72 2.85 2.93
[2.93] [1.53] [3.50] [1.42] [3.50]

Difference (B � AAA/AA)
2.02 2.80 -0.78 2.62 -0.60
[1.10] [1.61] [-2.08] [1.50] [-1.72]

All 7.23 7.11
4.30 0.97 3.34 0.88 3.42
[3.98] [1.15] [3.28] [1.02] [3.25]

IG 6.90 7.51
3.97 0.52 3.46 0.45 3.52
[3.85] [0.75] [3.28] [0.64] [3.24]

HY 8.90 5.39
5.98 3.14 2.84 2.96 3.02
[3.73] [1.97] [3.42] [1.84] [3.41]

Difference (HY � IG)
2.01 2.62 -0.62 2.51 -0.51
[1.74] [2.43] [-2.16] [2.35] [-1.83]

Table 2: Corporate bond portfolios sorted by credit rating: 1986-2022. This table reports the average return, average
duration, and average excess return relative to Treasury bills for corporate bond portfolios sorted by credit rating, using the
sample beginning in January 1986. The excess return is decomposed into the credit risk premium (CRP) and the term premium
(TP) using comparable Treasuries constructed under both duration matching and cash flow matching. All returns are annualized
percentages, and durations are expressed in years. Shown in square brackets are t-statistics, computed using Newey-West standard
errors with 12 lags. Credit rating portfolios are value-weighted and span ratings from AAA through B. “All” is the value-weighted
portfolio across all these credit ratings, “IG” includes the investment-grade categories (AAA/AA/A/BBB), and “HY” indicates
the high-yield categories but includes only BB and B, excluding bonds rated CCC or lower.

BBB), and none of these estimates is statistically different from zero. The premium increases

sharply for high-yield portfolios, reaching 3.22% for BB and 3.06% for B, although only the

BB portfolio estimate is statistically significant. The difference between the B and AAA/AA

portfolios is 2.80%, which is insignificant (t-statistic of 1.61), so the evidence for compensation

for extra credit risk within this recent sample is relatively weak. A similar pattern appears

for the broader value-weighted portfolios: the “All” and “IG” (Investment Grade) portfolios

exhibit small and statistically insignificant credit risk premia of 0.97% and 0.52%, respectively,

whereas the “HY” (High Yield) portfolio earns a much larger and statistically significant

premium of 3.14%.

By contrast, the estimated term premia are sizable across all portfolios. This pattern is
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not surprising given that the sample period coincides with a secular decline in interest rates,

which allowed long-duration bonds to earn high realized returns. Because lower-rated bonds

tend to have shorter average durations, the estimated term premium declines as we move

from AAA/AA to B. Nevertheless, the term premium remains statistically significant across

all portfolios, accounting for the overwhelming majority of the excess return for investment-

grade credit portfolios. Taken together, these results reinforce the view that investment-grade

bonds offer little compensation for bearing credit risk; investors could have achieved similar

excess returns, through term premia, by simply holding Treasuries with comparable duration.

Duration matching Cash flow matching

Return Duration Excess return = CRP + TP = CRP + TP

AAA/AA 5.40 11.20
2.20 0.62 1.58 0.66 1.54
[3.02] [1.67] [1.88] [1.71] [1.80]

A 5.64 10.60
2.44 0.86 1.58 0.86 1.59
[3.03] [1.69] [1.99] [1.66] [1.91]

BBB 6.17 9.70
2.97 1.40 1.57 1.35 1.62
[3.13] [1.92] [2.11] [1.85] [2.05]

BB 7.93 8.64
4.73 3.34 1.39 3.24 1.49
[3.64] [2.89] [1.97] [2.84] [1.93]

B 10.29 7.81
7.09 5.88 1.21 5.69 1.40
[3.86] [3.31] [1.88] [3.26] [1.84]

Difference (B � AAA/AA)
4.89 5.26 -0.36 5.04 -0.14
[3.01] [3.19] [-1.58] [3.14] [-0.91]

All 6.30 10.34
3.10 1.63 1.47 1.57 1.53
[3.36] [2.46] [1.86] [2.40] [1.85]

IG 5.67 10.74
2.47 0.91 1.56 0.91 1.57
[3.13] [1.87] [1.93] [1.83] [1.87]

HY 8.86 8.30
5.66 4.37 1.29 4.22 1.44
[3.80] [3.18] [1.90] [3.11] [1.88]

Difference (HY � IG)
3.18 3.46 -0.27 3.31 -0.13
[3.09] [3.32] [-1.72] [3.27] [-1.06]

Table 3: Corporate bond portfolios sorted by credit rating: 1926-2022. This table reports the average return, average
duration, and average excess return relative to Treasury bills for corporate bond portfolios sorted by credit rating, using the
sample beginning in July 1926. The excess return is decomposed into the credit risk premium (CRP) and the term premium
(TP) using comparable Treasuries constructed under both duration matching and cash flow matching. All returns are annualized
percentages, and durations are expressed in years. Shown in square brackets are t-statistics, computed using Newey-West standard
errors with 12 lags. Credit rating portfolios are value-weighted and span ratings from AAA through B. “All” is the value-weighted
portfolio across all these credit ratings, “IG” includes the investment-grade categories (AAA/AA/A/BBB), and “HY” indicates
the high-yield categories but includes only BB and B, excluding bonds rated CCC or lower.

However, these premium estimates are obtained from a relatively short sample. How do the

results change when we extend our analysis further back in time? Table 3 paints a strikingly
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different picture once the sample is extended back to 1926. Most notably, the estimated credit

risk premia are much larger and more statistically significant for every rating category. For

AAA/AA bonds, the credit risk premium rises from 0.25% in the recent sample to 0.62%;

for A and BBB portfolios, it increases to 0.86% and 1.40%, respectively. The contrast is

even stronger for high-yield bonds: the B portfolio now earns a premium of 5.88%, making

the difference between the B and AAA/AA portfolios much larger and highly statistically

significant (5.26% with a t-statistic of 3.19). We obtain similar magnitudes of the credit risk

premium when the sample is restricted to the postwar period beginning in January 1947, as

reported in the Internet Appendix.

The behavior of the term premium also differs meaningfully from the recent sample. Be-

cause the long sample encompasses multiple interest-rate regimes – including the secular

increase in interest rates between the mid-1940s and mid-1980s shown in Figure 5 – the term

premia are materially smaller than in the post-1986 period. For example, the AAA/AA

portfolio earns a term premium of 1.58% in the long sample, compared with 3.50% in the

recent sample, and similar patterns are observed across all other ratings. As a result, the

term premium no longer dominates the excess return for investment-grade bonds. The credit

risk premium instead accounts for a substantial share of the average excess return for every

portfolio, leading to a conclusion quite different from the shorter sample. In other words,

the long-run data reveal that credit risk has historically been compensated to a much greater

degree than what the recent decades alone would suggest.

Figure 8 offers additional perspective by plotting log cumulative returns for the rating-

sorted portfolios (Panel A) and for the broader All, IG, and HY portfolios (Panel B) over

the full sample. During major economic downturns (most visibly the Great Depression in the

1930s), lower-rated bonds experience much larger drawdowns than investment-grade bonds:

the negative spikes are substantially more pronounced for BB and especially B portfolios.

However, following these downturns, higher-yield portfolios recover more strongly and ulti-

mately accumulate much higher returns over the long run. This pattern is evident in Panel B:

the HY portfolio both falls more sharply in bad times and rises more quickly thereafter, while

32



Panel A: Credit rating portfolios
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Figure 8: Cumulative corporate bond portfolio returns. This figure plots log cumulative returns for the rating-sorted
portfolios (Panel A) and for the broader All, IG, and HY portfolios (Panel B) over the sample period from July 1926 to June 2022.
Credit rating portfolios are value-weighted and span ratings from AAA through B. “All” is the value-weighted portfolio across
all these credit ratings, “IG” includes the investment-grade categories (AAA/AA/A/BBB), and “HY” indicates the high-yield
categories but includes only BB and B, excluding bonds rated CCC or lower.

the IG portfolio exhibits considerably smaller swings.

It is also informative to consider how these plots would look if we restricted the sample

to the last four decades. Over this period, the cumulative return paths for the different

rating categories run largely parallel to one another, implying that when returns are plotted

beginning in the mid-1980s, the performance of the various credit-rating portfolios appears

much closer. This highlights the value of our long sample, which reveals a clear, monotonic

relation between credit risk and its compensation.

4.2 Credit risk premia vs. Credit spreads

A small credit risk premium, which we document for the post-1986 sample, is puzzling and

difficult to reconcile with the well-known credit spread puzzle. It is well established in the

asset pricing literature that observed corporate bond spreads are too large to be explained by

classic Merton-style structural models when calibrated to empirical default and recovery rates

(e.g., Chen, Collin-Dufresne, and Goldstein, 2009; Huang and Huang, 2012; Berndt, Douglas,

Duffie, and Ferguson, 2018).30 How can it be that credit risk premia are estimated to be “too

30Structural models of corporate debt build on the contingent claims approach of Black and Scholes (1973),
following Merton (1974); Black and Cox (1976); Geske (1977); Longstaff and Schwartz (1995); Leland and
Toft (1996); Collin-Dufresne and Goldstein (2001), etc. Quantitatively matching the empirically observed
credit spreads is difficult for such models given the relatively low levels of corporate leverage seen in the U.S.
data and, consequently, fairly low observed default rates (Jones, Mason, and Rosenfeld, 1984; Eom, Helwege,
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low” when credit spreads are “too high”?

Although related, the credit spread and the credit risk premium are conceptually dis-

tinct. The credit spread is a promised-yield differential, calculated under the assumption that

all contractual cash flows will be paid in full. The credit risk premium, in contrast, is an

expected-return differential that reflects the compensation investors ultimately receive after

accounting for default losses and other contingencies. Some divergence between the two is

therefore natural. However, a small credit risk premium alongside a large credit spread for

investment-grade bonds is still difficult to rationalize, especially given that expected default

losses in high rating categories are very small. This tension raises concerns about the potential

mismeasurement of the credit risk premium, suggesting that the recent short sample may not

be fully representative.

Panel B: Postwar sample

Panel A: Long sample Entire period First half Second half

(07/1926-06/2022) (01/1947-06/2022) (01/1947-12/1985) (01/1986-06/2022)

CRP CS CRP CS CRP CS CRP CS

AAA/AA 0.62 0.89 0.70 0.74 1.14 0.70 0.25 0.79
A 0.86 1.34 0.93 1.10 1.51 1.11 0.34 1.08
BBB 1.40 1.99 1.38 1.61 1.97 1.52 0.78 1.70
BB 3.34 3.44 3.36 2.78 3.54 2.24 3.22 3.36
B 5.88 6.24 4.43 4.73 5.73 3.65 3.06 5.87

All 1.63 1.97 1.24 1.50 1.53 1.04 0.97 1.99
IG 0.91 1.34 0.95 1.12 1.38 0.94 0.52 1.31
HY 4.37 4.59 3.68 3.68 4.22 2.74 3.14 4.70

Table 4: Credit risk premium vs. Credit spread. This table compares the average realized excess return over the duration-
matched Treasury portfolio (i.e., the estimate of the credit risk premium) with the average credit spread across rating categories
and sample periods. The long sample in Panel A spans July 1926 to June 2022. The postwar sample in Panel B covers January
1947 to June 2022 and is divided into two subperiods: the first half (January 1947 to December 1985) and the second half
(January 1986 to June 2022). All returns and credit spreads are expressed in annualized percentages. Credit rating portfolios are
value-weighted and span ratings from AAA through B. “All” is the value-weighted portfolio across all these credit ratings, “IG”
includes the investment-grade categories (AAA/AA/A/BBB), and “HY” indicates the high-yield categories but includes only BB
and B, excluding bonds rated CCC or lower.

To shed light on this issue, Table 4 provides a direct comparison between the average

realized excess return over the duration-matched Treasury portfolio (i.e., the estimate of the

credit risk premium) and the average credit spread across multiple sample periods. In the

long sample starting in 1926, the credit risk premium and the credit spread are fairly similar

and Huang, 2004). Solutions to the credit spread puzzle typically rely on the business-cycle properties of the
default and recovery rates (Bhamra, Kuehn, and Strebulaev, 2010; Chen, 2010).
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in magnitude across rating categories. Across all portfolios, credit risk premia are slightly

below their corresponding credit spreads, indicating a close alignment between realized excess

returns and promised yield differentials. A comparable pattern appears in the postwar sample

beginning in 1947, showing that over long horizons the two measures of credit risk tend to

track each other closely.

A very different picture emerges once the postwar period is divided into two halves. In

the first half, from 1947 to 1985, the average realized excess return exceeds the average credit

spread for all portfolios, implying that investors earned substantially more than what promised

yield differentials would suggest. In the second half, from 1986 to 2022, the relationship

reverses: the average realized excess return is far lower than the credit spread. This latter

period corresponds to the recent sample for which we document a low credit risk premium in

Section 4.1. What drives the wedge between promised yield differentials and realized excess

returns, and why does it behave so differently across historical periods?

4.2.1 Relation between the credit risk premium and the average credit spread

To understand the results we document in Table 4, we first derive a general relation between a

bond’s excess return and its yield to maturity. This allows us to obtain an explicit expression

for the wedge between the credit risk premium and the average credit spread. Let Pt � PDirty

t

denote the dirty price, which can be viewed as a function of the bond’s time to maturity and

yield to maturity; that is, Pt � P pt, ytq. For now, assume that the continuously compounded

yield yt follows an Itô diffusion process with continuous sample paths. Between coupon dates,

Itô’s lemma implies:

dPt
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dt�
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1
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�Ct
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2, (3)

where Dt and Ct represent the bond’s duration and convexity, respectively.31

The first term in equation (3), 1
Pt

BPt

Bt
, captures the return that arises purely from the

31When the yield to maturity is continuously compounded, the Macaulay duration is identical to the modified
duration. Hence, we refer to Dt simply as duration without further qualification.
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passage of time, holding all else fixed. Since the dirty price is the sum of the clean price and

accrued interest, i.e., Pt � P Clean
t �AIt, this time decay term can be further broken down into

two parts: (i) the “pull-to-par” effect, 1
Pt

BPClean
t

Bt
, as the clean price converges toward the face

value; and (ii) the accumulation of accrued interest, which contributes to the return at a rate

of 1
Pt

BAIt
Bt

� C
Pt

(the current yield), where C denotes the annual coupon. Together, they sum to

the yield to maturity, which bond investors expect to earn when the yield remains constant.32

When the yield varies, however, the bond price also responds through the duration Dt in the

second term of equation (3), which enters with a negative sign due to the inverse relationship

between yields and prices. The third term reflects the bond’s convexity Ct, which corrects for

the fact that duration alone overstates the price response to yield changes.

Note that at the exact moment of a coupon payment, bond investors earn zero return.

Although they receive the coupon, the dirty price drops exactly by the same amount, making

the net return zero: pPt� � Pt� � Cpntq{Pt� � 0. In other words, the coupon payment itself

is irrelevant for return dynamics as it merely converts interest that had accrued in the dirty

price into an actual cash flow. Hence, over an arbitrary discrete period from t to t � 1, with

time interval ∆t, we can express the holding period return as

rt�1 � yt∆t�Dt∆yt�1 �
1

2
Ctp∆yt�1q

2,

where the approximation error originates from two sources. First, if the time interval is too

long, we incur a discretization error. This is not a major concern in our setting, as we focus

on monthly intervals. Second, if the yield change dyt is too large, additional errors may arise

because equation (3) assumes continuous sample paths. In the presence of jumps or other

discontinuities, the approximation can be refined using higher-order terms.

This general relation holds not only for an arbitrary corporate bond i but also for its

32This result follows directly from the present value formula. The dirty price of a bond can be written as
Pt �

°N
n�1 CFne

�ytptn�tq, where ttnu are future coupon dates and tCFnu are the corresponding cash flows.
Taking the partial derivative with respect to time results in BPt

Bt �
°

n CFnyte
�ytptn�tq � ytPt.

36



duration-matched Treasury portfolio:

rit�1 � yit∆t�Di
t∆yit�1 �

1

2
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2,

rTrsyt�1 � yTrsyt ∆t�DTrsy
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1

2
CTrsy
t p∆yTrsyt�1 q

2.

By construction, we have Di
t � DTrsy

t . As shown in Appendix B, the duration-matched

Treasury portfolio is constructed to replicate the present value weights of the bond’s cash

flows. This implies that convexity is also matched, namely Ci
t � CTrsy

t .33 Subtracting the two

return equations therefore gives

rit�1 � ri,Trsy

t�1 � sit∆t�Di
t∆sit�1 �

1

2
Ci
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�
yit�1 � yi,Trsy
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�
, (4)

where sit � yit � yi,Trsy

t is the annualized credit spread.

Equation (4) builds a clear connection between the duration-adjusted excess return (rit�1�

ri,Trsy

t�1 ) and the credit spread (sit∆t). The remaining terms on the right-hand side capture the

potential deviation between the two, which stems from a change in the credit spread. If the

credit spread remains unchanged in the next period (i.e., ∆sit�1 � 0), the excess return over the

Treasury portfolio is realized as the credit spread. On the other hand, if the credit spread rises

(∆sit�1 ¡ 0), the “spread duration effect” SDEi
t�1 � �Di

t∆sit�1 pushes the excess return below

the credit spread. The “net convexity adjustment” term NCAi
t�1 �

1
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�
dampens or amplifies this effect, depending on how the level of yields
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�
changes.

Taking the average of equation (4) across bonds and over time finally leads to
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33To see this directly, recall that the dirty price can be written as Pt �
°N

n�1 CFne
�ytptn�tq. Taking the first

and second partial derivatives of Pt with respect to yt produces duration
°N

n�1
CFne

�ytptn�tq

Pt
ptn�tq and convex-

ity
°N

n�1
CFne

�ytptn�tq

Pt
ptn� tq2. More generally, the k-th derivative takes the form

°N
n�1

CFne
�ytptn�tq

Pt
ptn� tqk.

Because the Treasury portfolio replicates the weights CFne
�ytptn�tq

Pt
exactly, all such derivatives are matched.
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where the left-hand side represents the empirical estimate of the credit risk premium, and

the first term on the right-hand side represents the average credit spread. The residual term

captures the wedge between the two, which is driven by changes in credit spreads and their

interaction with duration, convexity, and the level of yields.

4.2.2 Two postwar subsamples

What is striking in Table 4 is that the average credit spread remains remarkably stable across

the two postwar subsamples, especially for higher rating categories. For example, the average

spread for AAA/AA bonds is 0.70% in the first half and 0.79% in the second half; for A

bonds, it is 1.11% vs. 1.08%; and for BBB bonds, it is 1.52% vs. 1.70%. In contrast, the

estimated credit risk premium differs sharply across the two periods. In the first half of the

postwar period, the average realized excess return exceeds the average credit spread, whereas

in the second half, it falls well below the average credit spread. This pattern implies that the

wedge between the two quantities switches sign across the subsamples. The decomposition

in equation (4) clarifies the source of this divergence: the spread duration effect SDEi
t�1 and

the net convexity adjustment NCAi
t�1, both of which are driven by fluctuations in the credit

spread.

To investigate this further, Table 5 decomposes the credit risk premium estimate (“CRP”)

into the average credit spread (“CS”), spread duration effect (“SDE”), and net convexity

adjustment (“NCA”) for the two postwar subsamples. The final column (“Error”) reports

the average approximation error arising from the omission of higher-order terms. The error is

negative throughout, which is consistent with the fact that the second-order approximation

does not fully capture price discontinuities, typically in the form of downside jumps. The

error is negligible for high rating portfolios (around -0.05% for AAA/AA and A) and increases

gradually for lower ratings, where yield movements are more extreme and higher-order terms

become more relevant. Even for B-rated bonds, however, the residual remains modest (less

than -0.70%), indicating that equation (5) provides a good approximation.

The decomposition reveals that the markedly different estimates of the credit risk premium
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Postwar sample CRP = CS + SDE + NCA + Error

AAA/AA
First half 1.14 0.70 0.63 -0.13 -0.06
Second half 0.25 0.79 -0.47 -0.03 -0.04

A
First half 1.51 1.11 0.46 -0.01 -0.05
Second half 0.34 1.08 -0.78 0.09 -0.05

BBB
First half 1.97 1.52 0.31 0.21 -0.08
Second half 0.78 1.70 -1.31 0.51 -0.13

BB
First half 3.54 2.24 0.49 0.93 -0.12
Second half 3.22 3.36 -1.41 1.43 -0.17

B
First half 5.73 3.65 0.19 2.13 -0.23
Second half 3.06 5.87 -6.41 4.30 -0.70

All
First half 1.53 1.04 0.52 0.03 -0.07
Second half 0.97 1.99 -1.69 0.84 -0.17

IG
First half 1.38 0.94 0.55 -0.05 -0.06
Second half 0.52 1.31 -0.97 0.27 -0.08

HY
First half 4.22 2.74 0.30 1.34 -0.16
Second half 3.14 4.70 -4.15 3.09 -0.50

Table 5: Decomposition of the credit risk premium. This table decomposes the credit risk premium estimate (CRP) into
the average credit spread (CS), spread duration effect (SDE), and net convexity adjustment (NCA) for the first half (January
1947 to December 1985) and the second half (January 1986 to June 2022) of the postwar sample. The decomposition follows
equation (5). The final column reports the approximation error arising from the omission of higher-order terms. All values are
expressed in annualized percentages. Credit rating portfolios are value-weighted and span ratings from AAA through B. “All” is
the value-weighted portfolio across all these credit ratings, “IG” includes the investment-grade categories (AAA/AA/A/BBB),
and “HY” indicates the high-yield categories but includes only BB and B, excluding bonds rated CCC or lower.

across the two subperiods, despite very similar average credit spreads, are mainly explained

by the spread duration effect SDEi
t�1 � �Di

t∆sit�1. When the credit spread rises (falls) by 1%

point, the corporate bond price decreases (increases) by approximately Di
t% relative to the

corresponding Treasury portfolio, generating a negative (positive) duration-adjusted excess

return. In the first half of the postwar period, the average SDEi
t�1 is positive across all rating

categories, indicating that credit spread declines and their impact on excess returns dominate.

By contrast, in the second half, the average SDEi
t�1 is consistently negative across rating

portfolios, implying that credit spread increases and their impact now dominate. The net

convexity adjustment NCAi
t�1 �

1
2
Ci
t∆sit�1∆

�
yit�1 � yi,Trsy

t�1

�
is typically smaller in magnitude

than the spread duration effect and often carries the opposite sign, although it can occasionally

become larger in magnitude and share the same sign, depending on changes in the level of

yields.

These results suggest that the estimate of the credit risk premium in the short recent
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sample may not be close to the true premium. One likely interpretation is that the second

half of the postwar period is not representative; credit spread dynamics in that sample gen-

erate a large negative wedge on average. The same logic applies to the first half, but in the

opposite direction, where the wedge is large and positive on average. In a sufficiently long and

representative sample, we would expect the combined effect of spread changes (that is, the

sum of SDEi
t�1 and NCAi

t�1) to be slightly negative for investment-grade categories, reflecting

moderate default losses.34 The large positive and negative average values of this effect in

the two subsamples thus suggest that these periods may not be representative, and that the

average realized excess return over the Treasury portfolio may not be a reliable estimate of

the true credit risk premium. Given that average credit spreads are similar across the two

periods, it is unlikely that investors expected corporate bonds to outperform Treasuries in the

first half and underperform in the second half ex ante.

The limitations of these short samples once again underscore the value of our historical

corporate bond database. As shown in Table 4, when we consider the full postwar period or the

long sample beginning in 1926, the wedge is much smaller and the credit risk premium aligns

more closely with the average credit spread. The longer historical time series we construct

allows us to obtain a more accurate estimate of the ex ante compensation investors demand

for bearing corporate credit risk.

4.2.3 Bias from ignoring embedded calls in duration matching

Besides the small-sample issue discussed above, the estimate of the credit risk premium in

the recent sample is also subject to an additional bias rooted in how corporate bonds are

matched with their Treasury benchmarks. Historically, a large fraction of corporate bonds

has been issued with embedded call provisions. However, the conventional duration matching

(and cash flow matching alike) ignores the existence of this option and treats each bond as

if it were a straight bond. This simplification largely reflects the fact that the value of an

embedded call is highly model dependent and critically influenced by the future dynamics of

34Systematic disappearance of bonds from a portfolio, such as through rating changes, lack of trading, or
being called, can also influence the wedge.
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the entire risky interest rate term structure. Implementing a flexible term structure model

and calibrating it properly are nontrivial challenges in financial engineering (see, for example,

Brigo and Mercurio, 2006).

Neglecting the call provision becomes particularly problematic in an environment of persis-

tent interest rate declines, which characterizes the second half of the postwar sample beginning

in 1986. As rates fall, embedded calls move increasingly in the money because issuers can

refinance their debt at lower interest rates. When this occurs, the bond’s effective duration

becomes substantially smaller than its Macaulay duration, which is computed under the as-

sumption that promised cash flows are paid as scheduled until final maturity. If such a bond

is matched to a long-maturity Treasury based on Macaulay duration, the Treasury benchmark

will have excessive interest rate exposure. As a result, part of the bond’s return that should

be attributed to the credit risk premium is instead absorbed by the term premium.

Formally, let the price of a callable bond be written as P i,CB

t � P i,SB
t �P i,Call

t , where P i,SB
t is

the price of the corresponding straight bond without a call option. The embedded call option

value P i,Call

t is subtracted because the option is held by the issuer; when interest rates fall, the

issuer has the right to call the bond. These prices can be viewed as functions of the yield yt

as well as time-to-maturity. By taking the first derivative of both sides with respect to yt:

BP i,CB

t

Byt
�

BP i,SB
t

Byt
�
BP i,Call

t

Byt
.

Dividing both sides by P i,CB

t and evaluating at the observed bond’s yield to maturity yt � yit,

we obtain the following relation:

�
1

P i,CB

t

�
BP i,SB

t

Byt

�
yt�yit

� �
1

P i,CB

t

�
BP i,CB

t

Byt

�
yt�yit

�
1

P i,CB

t

�
BP i,Call

t

Byt

�
yt�yit

. (6)

The term on the left-hand side, � 1

P i,CB
t

�
BP i,SB

t

Byt

�
yt�yit

, represents the observed Macaulay dura-

tion Di
t, which is calculated under the assumption that cash flows are those of the correspond-

ing straight bond and discounted at the observed yield to maturity yit. The first term on the
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right-hand side, � 1

P i,CB
t

�
BP i,CB

t

Byt

�
yt�yit

, represents the effective duration evaluated at yt � yit.

However, this is not the true effective duration of the callable bond; it should instead be

evaluated at the true yield yi,True

t , which is lower. Because callability makes the bond cheaper

than the corresponding straight bond, the yield to maturity yit (computed from the observed

callable bond price while ignoring the call feature) mechanically overstates the true yield yi,True

t

(which is independent of the call value and derived from the straight bond price). Applying

a first-order approximation to this term, we obtain:

�
1

P i,CB

t

�
BP i,CB

t

Byt

�
yt�yit

� �
1

P i,CB

t

�
BP i,CB

t

Byt

�
yt�yi,True

t

�
1

P i,CB

t

�
B2P i,CB

t

By2t

�
yt�yi,True

t

�
�
yit � yi,True

t

�
� Di,CB

t � Ci,CB

t

�
yi,True

t � yit
�
,

where Di,CB

t and Ci,CB

t are the effective duration and convexity of the callable bond. By defining

Di,Call

t � � 1

P i,Call
t

�
BP i,Call

t

Byt

�
yt�yit

, i.e., the sensitivity of the call value with respect to the yield

change, we can rewrite equation (6) as

Di
t � Di,CB

t �Di,Call

t � Ci,CB

t

�
yi,True

t � yit
�
. (7)

When the embedded option is likely to be called, the Macaulay duration Di
t overestimates

the true effective duration Di,CB

t for two reasons. First, Di,Call

t ¡ 0 as the option value to the

issuer increases when the yield falls. Second, Ci,CB

t

�
yi,True

t � yit
�
¡ 0 because when the option is

in the money, the yield to maturity is higher than the true yield (yi,True

t �yit   0) and the bond

convexity becomes negative (Ci,CB

t   0). In other words, the true effective duration of the

bond satisfies Di,CB

t � Di
t�Di,Call

t �Ci,CB

t

�
yi,True

t � yit
�
, implying that Di,CB

t can be substantially

smaller than the observed Macaulay duration Di
t. In the Internet Appendix, we provide a

simple illustration in a Black-Scholes framework showing that as the embedded option moves

further into the money, the convexity of the callable bond becomes negative and its effective

duration declines sharply relative to its Macaulay duration.

Equation (7) clarifies how ignoring callability distorts our return decomposition in equa-
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tion (2). In the second half of the postwar sample, the secular decline in interest rates fre-

quently pushed embedded call options into the money, leading to Di
t " Di,CB

t . When duration

is overstated in this way, the matched Treasury portfolio constructed using Di
t has excessively

long maturity and therefore excessive interest rate exposure. Naturally, the credit risk com-

ponent rit�1�ri,Trsy

t�1 is understated, as a longer-duration Treasury portfolio (incorrectly used as

the benchmark) outperforms a shorter-duration one when interest rates persistently decline.

In other words, part of the excess return that should be attributed to credit risk is instead

attributed to term risk.

To illustrate this mechanism in the extreme, consider a 10-year callable bond whose coupon

is far above prevailing rates and is about to be called. Its effective duration is essentially

one month, and its appropriate benchmark is a 1-month Treasury bill rather than a 10-year

Treasury bond. If the call feature is ignored, the term premium – which should be close to

zero – is overestimated by construction, and the credit risk premium is underestimated by the

same amount. We believe that this mismeasurement is quantitatively important in the post-

1986 subsample and helps explain why the estimated credit risk premium appears unusually

small in that period.

4.3 Risk exposures and credit risk premia

Our analysis thus far has focused on the historical performance of corporate bonds sorted

by credit rating. While credit ratings capture meaningful cross-sectional variation, what ulti-

mately determines expected returns are exposures to systematic risk. In standard asset pricing

theory, an asset earns a risk premium to the extent that its payoff covaries with investors’

marginal utility – a relationship that is empirically captured by its factor exposure. Hence, we

turn to how corporate bond returns vary with their exposures to underlying economic risks.

Table 6 sorts corporate bonds by their exposures to four financial and macroeconomic

factors: (i) stock market returns, (ii) corporate bond market returns, (iii) shocks to industrial

production growth, and (iv) shocks to inflation. These variables are commonly used as proxies

for marginal utility growth. Stock market returns are given by the CRSP value-weighted
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excess return on all publicly traded stocks, and corporate bond market returns are calculated

as the value-weighted excess return on all bonds in our database, as described in Section 3.4.

The last two factors measure macroeconomic conditions: real economic activity (industrial

production growth, downloaded from FRED) and price-level fluctuations (historical inflation

rates provided by Amit Goyal). Shocks to these series are extracted by fitting ARMA(1,1)

models. For each factor, we construct five quintile portfolios and report the results for the

most and least exposed portfolios, as well as the differences between the two.

Panel A: Stock market

Beta Return Duration Excess return = CRP + TP

Least exposed -0.03 6.47 9.01 3.27 1.98 1.29
Most exposed 0.49 11.42 9.56 8.22 6.75 1.48

Difference (Most � Least)
4.95 4.77 0.18
[3.37] [3.24] [0.60]

Panel B: Corporate bond market

Beta Return Duration Excess return = CRP + TP

Least exposed 0.19 6.19 7.18 2.99 1.81 1.18
Most exposed 1.96 11.23 10.92 8.03 6.43 1.61

Difference (Most � Least)
5.04 4.62 0.43
[3.14] [2.96] [0.91]

Panel C: Industrial production

Beta Return Duration Excess return = CRP + TP

Least exposed -0.77 7.82 10.07 4.62 3.08 1.54
Most exposed 0.71 10.90 9.25 7.70 6.28 1.43

Difference (Most � Least)
3.08 3.19 -0.11
[2.92] [2.99] [-0.70]

Panel D: Inflation

Beta Return Duration Excess return = CRP + TP

Least exposed -2.28 8.14 10.83 4.94 3.36 1.58
Most exposed 4.26 10.87 8.68 7.67 6.31 1.35

Difference (Most � Least)
2.73 2.95 -0.22
[2.60] [2.88] [-0.98]

Table 6: Corporate bond portfolios sorted by factor exposures. This table reports the average return, average duration,
and average excess return relative to Treasury bills for corporate bond portfolios sorted by exposures to four financial and
macroeconomic factors: stock market returns (Panel A), corporate bond market returns (Panel B), shocks to industrial production
growth (Panel C), and shocks to inflation (Panel D). For each factor, we construct five quintile portfolios and report the results
for the most and least exposed portfolios, as well as the differences between the two. The excess return is decomposed into the
credit risk premium (CRP) and the term premium (TP) using comparable Treasuries constructed under both duration matching
and cash flow matching. All returns are annualized percentages, and durations are expressed in years. The sample period is from
July 1926 to June 2022.

Across all four factor sorts, Table 6 reveals a clear and economically meaningful pattern:
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portfolios with higher factor exposures earn substantially higher expected returns. The return

spread between the most and least exposed quintiles ranges from 2.73% to 5.04% per year,

and these differences are statistically significant in every case. This provides direct evidence

that these financial and macroeconomic factors are priced in the cross-section of corporate

bond returns and that expected returns increase systematically with factor exposures.35

The decomposition of the average excess return into the credit risk premium and the term

premium shows that this cross-sectional variation is driven almost entirely by the former.

For example, when portfolios are sorted by exposures to the stock market factor (Panel A),

the most exposed quintile earns a credit risk premium of 8.22% per year compared to 3.27%

for the least exposed quintile, leading to a statistically significant difference of 4.95%. The

corresponding difference in term premia is small (0.18%) and statistically insignificant (t-

statistic of 0.60). Similar patterns hold across the other three factor sorts in Panels B, C, and

D: nearly the entire return spread is accounted for by differences in the credit risk premium,

while the term premium plays a minor role.

These results emphasize the importance of credit risk in explaining the cross-section of

corporate bond returns. Corporate bonds with high exposures to aggregate financial and

macroeconomic risks earn higher expected returns because they command higher credit risk

premia – that is, they provide additional compensation beyond what comparable Treasury

securities deliver. This finding supports the message from other exercises in Section 4.1:

credit risk is a key priced source of compensation for corporate bond investors, and its role

becomes fully visible in a sufficiently long sample.

35Panel D shows that, like the other three factors, inflation shocks are positively priced. This implies that
inflation is procyclical on average in our full sample and that investors prefer high inflation to low inflation,
demanding a positive premium for holding assets that perform poorly during low-inflation periods. This
result is to be expected, given that the early part of the sample includes the Great Depression, when the
economy experienced severe downturns accompanied by deflation. In fact, our subsample analysis reveals that
the market price of inflation risk switches sign across different periods, consistent with economic intuition
from prominent historical episodes and with empirical evidence on the stock-bond correlation (e.g., Campbell,
Sunderam, and Viceira, 2017; Campbell, Pflueger, and Viceira, 2020). In particular, when we consider the
subperiod from 1965 (the beginning of the Great Inflation) to 2000 (when the stock-bond correlation turns
negative, signaling the end of countercyclical inflation), the return gap between the most and least exposed
portfolios becomes negative.
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5 Credit risk and business cycles

Our analysis in Section 4 is largely unconditional, focusing on long-run averages and cross-

sectional differences. We show that the credit risk premium is economically large and that it

varies systematically with factor exposures. These findings, however, have natural conditional

implications: if compensation for bearing credit risk is closely linked to broader financial and

macroeconomic conditions, then its time variation should contain relevant information about

the state of the economy and future asset returns.

In this section, we conduct a conditional analysis of how credit risk relates to market

returns and business cycle fluctuations.36 We first follow Gilchrist and Zakraǰsek (2012) and

construct an aggregate credit spread measure, extending it back to 1926 (Section 5.1). We

then examine its predictive power for future bond market returns (Section 5.2) and for real

economic activity (Section 5.3) over longer horizons.

5.1 GZ spreads

A seminal paper by Gilchrist and Zakraǰsek (2012) proposes a new measure of aggregate corpo-

rate credit spreads, known as the GZ spread. It is constructed as the equally weighted average

of credit spreads on senior unsecured bonds issued by U.S. public non-financial firms. The GZ

spread time series has proven particularly valuable for understanding future economic activity.

It robustly predicts various macroeconomic indicators, such as industrial production, unem-

ployment, and real GDP growth. Follow-up work by Favara, Gilchrist, Lewis, and Zakraǰsek

(2016a) shows that the GZ spread also effectively predicts the likelihood of an NBER-dated

recession occurring within the next 12 months. The series can be decomposed into a pre-

dictable component, reflecting expected defaults, and a residual component called the excess

bond premium. Gilchrist and Zakraǰsek (2012) demonstrate that this excess bond premium

is closely linked to fluctuations in credit supply and the financial system’s overall risk-bearing

36While both the credit spread and the credit risk premium are ex ante measures of credit risk (with the
latter, by definition, more accurately capturing the required compensation investors demand), we rely on the
former because it has an important advantage: it is directly observed at high frequency. The credit risk
premium is not directly observable and can only be estimated over a given sample period, which limits its
usefulness for conditional analysis.
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capacity, providing significant information for predicting economic outcomes. The original

series begins in 1973 and has been continuously updated by the Federal Reserve since 2016.37

We closely follow the methodology of Gilchrist and Zakraǰsek (2012) to extend the GZ

spread series using our corporate bond database. Because the measure is based on bonds

issued by public firms, this requires merging our database with the CRSP stock database.

The details of this merge, including the construction of issuer-level links, are described in

our companion paper (Ghaderi, Plante, Roussanov, and Seo, 2024). Although our corporate

bond database begins in 1895, the GZ spread cannot be extended prior to 1926 (i.e., when

CRSP data begin), given this constraint. As discussed in Section 3.2, our quantitative analysis

already excludes bonds issued by financial firms and bonds with time to maturity of less than

one year, consistent with Gilchrist and Zakraǰsek (2012). To ensure full comparability, we

additionally drop bonds with credit spreads below 5 basis points or above 3,500 basis points,

as well as bonds with time to maturity greater than 30 years.
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Figure 9: Time series of GZ spreads. This figure presents the monthly time series of the extended GZ spread (solid blue
line) alongside the original series from the Federal Reserve for comparison (dashed orange line). All values are expressed in
percentages. The sample period is from July 1926 to June 2022.

Figure 9 displays our extended GZ spread series (solid blue line) starting in 1926 and

compares it with the original series (dashed orange line) from the Federal Reserve’s website.

The two series track each other closely pre-1990 and post-2000, though some differences appear

in the 1990s, with an overall correlation of 97%. The gap between the two series largely reflects

37The updated series is available on the Federal Reserve’s website. See Favara, Gilchrist, Lewis, and Za-
kraǰsek (2016b) for further details.
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differences in data sources: while Gilchrist and Zakraǰsek (2012) construct their series using

the Lehman Brothers and Merrill Lynch datasets, our extended series combines print archival

sources with the Lehman Brothers data. When we construct the GZ spread using only the

Lehman Brothers dataset, we obtain closer values for the 1990s, but the correlation remains

similar at around 97%.38

5.2 Return predictability

As a first exercise, we examine whether the GZ spread predicts future corporate bond market

returns over various horizons. We view this as a basic sanity check. If the GZ spread correctly

captures aggregate credit risk in the corporate bond market, it should contain information

about subsequent market returns. Intuitively, when credit spreads are elevated, investors

require greater compensation for bearing credit risk, implying higher expected excess returns

going forward. To formally test this idea, we estimate the following predictive regression:

12

h

ḩ

n�1

logp1� rbt�nq � logp1� rf,t�n�1q � α � βh �GZt � ϵt�h,

where rbt�n denotes the value-weighted corporate bond market return constructed in Sec-

tion 3.4. The dependent variable represents the annualized cumulative log excess return over

an h-month period beginning in month t, while the independent variable is the GZ spread

observed in month t. Table 7 reports the slope coefficient βh and the adjusted R2 for fore-

cast horizons ranging from 1 month to 60 months. We consider four regression specifications.

Specification (i) uses the original GZ spread over the post-1973 sample. Specification (ii) uses

our reconstructed GZ spread over the same sample period. Specification (iii) extends our GZ

spread back to the postwar period beginning in 1947. Specification (iv) uses the full available

sample from 1926 onward. We compute t-statistics using Newey-West standard errors with

12 lags and report them in square brackets.

Across all forecast horizons and specifications, the predictive coefficient on the GZ spread

38We thank Yoshio Nozawa for providing information about the Lehman Brothers dataset and additional
guidance for its use.
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Forecast horizon h in months

h � 1 h � 3 h � 6 h � 12 h � 36 h � 60

(i) Fed GZ: 1973-2022
Slope

4.59 4.52 4.35 3.78 2.51 1.60
[2.92] [3.32] [3.70] [4.15] [4.00] [3.72]

Adj. R2 0.03 0.07 0.12 0.16 0.21 0.16

(ii) Our GZ: 1973-2022
Slope

6.59 6.01 5.66 4.88 3.28 1.98
[3.36] [3.75] [4.33] [4.99] [4.30] [3.95]

Adj. R2 0.05 0.09 0.15 0.20 0.26 0.18

(iii) Our GZ: 1947-2022
Slope

6.16 5.55 5.24 4.74 3.79 2.81
[4.36] [4.84] [5.58] [7.34] [7.51] [6.87]

Adj. R2 0.05 0.10 0.16 0.22 0.34 0.32

(iv) Our GZ: 1926-2022
Slope

2.97 3.16 3.03 2.99 2.82 2.43
[2.93] [3.44] [3.99] [5.24] [11.09] [8.55]

Adj. R2 0.03 0.08 0.14 0.23 0.46 0.53

Table 7: Predictive power of the GZ spread for future bond market returns. This table reports estimates from the
following predictive regression:

12
h

°h
n�1 logp1� rbt�nq � logp1� rf,t�n�1q � α� βh �GZt � ϵt�h,

where rbt�n denotes the value-weighted corporate bond market return constructed in Section 3.4. The dependent variable is the
annualized cumulative log excess return over forecast horizons h � 1, 3, 6, 12, 36, and 60 months, while the independent variable
is the GZ spread observed in month t. Reported are the slope coefficient βh and the adjusted R2. Shown in square brackets are
t-statistics, computed using Newey-West standard errors with 12 lags.

is positive and statistically significant.39 In the post-1973 sample, both the original GZ series

and our reconstructed series strongly predict future corporate bond market returns, with

our measure exhibiting slightly larger slope estimates and higher adjusted R2 values. For

example, a 1% point increase in our GZ spread predicts a 4.88% higher excess return on the

corporate bond market over the following year. This coefficient is highly significant, with

a t-statistic of 4.99, and the adjusted R2 reaches 20%. Extending the sample back to 1947

further strengthens the predictive relationship, particularly at longer horizons. When we use

the full sample beginning in 1926, the magnitude of the predictive coefficients declines, but the

adjusted R2 increases substantially at long horizons, reaching 53% at the 60-month horizon.

These results indicate that periods of elevated credit spreads are followed by significantly

higher subsequent corporate bond returns, consistent with interpreting the GZ spread as a

measure of time-varying aggregate credit risk. The predictive power is economically mean-

ingful at both short and long horizons and remains robust across different sample periods.

39The Internet Appendix shows that this return predictability remains strong and significant with similar
slope coefficients even after controlling for common predictors such as the term spread and the real short rate.
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Overall, the evidence shows that the GZ spread effectively captures variation in expected

returns in the corporate bond market.

5.3 Predictive power for real activity

Next, we test the predictive power of the GZ spread for real activity. Given the strong evidence

documented in recent samples, it is natural to ask whether this predictability extends to

our longer historical sample, which encompasses more recessions and more extreme business

cycle fluctuations, including the Great Depression. Following Favara, Gilchrist, Lewis, and

Zakraǰsek (2016a), we test the GZ spread’s ability to predict future recessions using a probit

model:

1 tRecession in [t, t+12]u �

$&
% 1 if α� βGZ �GZt � βTS � TSt � βRFF � RFFt � ϵt�12 ¡ 0,

0 otherwise,

where the dependent variable denotes the NBER recession indicator over the next 12 months.

The main independent variable is the GZ spread (GZt), with two control variables capturing

other financial conditions: the term spread (TSt), defined as the yield difference between 3-

month and 10-year Treasuries, and the real federal funds rate (RFFt).
40 The error term ϵt�12

is assumed to follow a normal distribution with cumulative distribution function Φp�q. This

model is equivalent to:

P
�
1 tRecession in [t, t+12]u � 1

	
� Φ

�
α � βGZ �GZt � βTS � TSt � βRFF � RFFt

	
,

which directly shows how the GZ spread affects the likelihood of a future recession. We

estimate the model via maximum likelihood and report the marginal effects of the three

independent variables in Table 8, along with the pseudo R2. All t-statistics, shown in square

40Gilchrist and Zakraǰsek (2012) define the real federal funds rate in month t as the average effective federal
funds rate during month t minus realized inflation, measured as the log difference of the core PCE inflation
rate between t� 1 and t� 13. We adopt this definition beginning in February 1960, when both variables are
available. For months prior to February 1960, we replace the effective federal funds rate with the 1-month
Treasury bill rate and core PCE inflation with CPI inflation. Both series are available back to 1926 from Amit
Goyal’s website.
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brackets, are computed using Newey-West standard errors with 12 lags.

NBER recession GZ TS RFF Pseudo R2

(i) Fed GZ: 1973-2022
0.14 0.12 0.04 0.35
[3.89] [4.01] [2.44]

(ii) Our GZ: 1973-2022
0.19 0.13 0.05 0.39
[4.63] [4.45] [2.66]

(iii) Our GZ: 1947-2022
0.16 0.18 0.02 0.21
[3.95] [5.41] [1.06]

(iv) Our GZ: 1926-2022
0.08 0.16 0.02 0.18
[3.56] [5.40] [1.68]

Table 8: Predictive power of the GZ spread for future recessions. This table reports the estimation results for the
following probit model:

1 tRecession in [t, t+12]u �

"
1 if α� βGZ �GZt � βTS � TSt � βRFF � RFFt � ϵt�12 ¡ 0,
0 otherwise,

where the dependent variable denotes the NBER recession indicator over the next 12 months. The main independent variable is
the GZ spread (GZt), with two control variables capturing other financial conditions: the term spread (TSt), defined as the yield
difference between 3-month and 10-year Treasuries, and the real federal funds rate (RFFt). The error term ϵt�12 is assumed
to follow a normal distribution. We estimate the model via maximum likelihood and report the marginal effects of the three
independent variables, along with the pseudo R2. Shown in square brackets are t-statistics, computed using Newey-West standard
errors with 12 lags.

Specifications (i) and (ii) examine the common sample period (i.e., post-1973) where the

original GZ spread and our GZ spread coexist. Both series significantly predict the likelihood

of future recessions. Specifically, a 1% point increase in our GZ spread is associated with an

19% point increase in the recession probability. The differences between the two series are

minor, though our GZ spread shows slightly stronger predictive power with a higher t-statistic

(4.63 vs. 3.89) and a larger pseudo R2 (0.39 vs. 0.35). Most importantly, specifications (iii)

and (iv) demonstrate that the predictive power of our GZ spread remains strong in the postwar

sample starting in 1947 as well as when we extend the sample as far back as the GZ spread

allows.

Taking a step further, we examine the GZ spread’s predictive power for future economic

activity over our longer historical sample. As in Gilchrist and Zakraǰsek (2012), we consider

the regression below:

yt�h � α�
p̧

k�1

βk � yt�k � βGZ �GZt � βTS � TSt � βRFF � RFFt � ϵt�h,

where yt�h represents the annualized percentage growth rate of two economic variables: indus-
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trial production (Panel A) and nonfarm payroll employment (Panel B). For forecast horizon

h, the dependent variable yt�h is measured over the h�1 periods between t�1 and t�h. This

timing follows Gilchrist and Zakraǰsek (2012), accounting for typical reporting lags that make

the growth rate between t � 1 and t unobservable at time t. The number of autoregressive

terms p is determined by the Akaike Information Criterion. Table 9 reports the standard-

ized regression coefficients for the three independent variables over 3-month and 12-month

horizons, together with adjusted R2 values. The t-statistics in square brackets are calculated

using Newey-West standard errors with 12 lags.

3-month forecasts 12-month forecasts

Panel A: Industrial production GZ TS RFF Adj. R2 GZ TS RFF Adj. R2

(i) Fed GZ: 1973-2022
-0.41 -0.24 -0.06 0.20 -0.40 -0.41 -0.07 0.27
[-4.03] [-2.52] [-0.64] [-3.64] [-4.07] [-0.74]

(ii) Our GZ: 1973-2022
-0.49 -0.28 -0.06 0.24 -0.46 -0.45 -0.07 0.29
[-4.66] [-2.87] [-0.65] [-4.07] [-4.44] [-0.71]

(iii) Our GZ: 1947-2022
-0.38 -0.19 -0.02 0.20 -0.46 -0.32 -0.03 0.23
[-5.45] [-3.11] [-0.37] [-5.25] [-3.90] [-0.31]

(iv) Our GZ: 1926-2022
-0.02 -0.07 -0.03 0.16 0.07 -0.12 -0.12 0.08
[-0.20] [-1.66] [-0.49] [0.66] [-1.85] [-1.34]

Panel B: Employment GZ TS RFF Adj. R2 GZ TS RFF Adj. R2

(i) Fed GZ: 1973-2022
-0.42 -0.11 -0.08 0.15 -0.55 -0.28 -0.18 0.33
[-3.76] [-1.06] [-0.84] [-5.38] [-2.24] [-1.67]

(ii) Our GZ: 1973-2022
-0.49 -0.14 -0.09 0.19 -0.62 -0.32 -0.18 0.37
[-3.86] [-1.34] [-0.96] [-5.97] [-2.64] [-1.79]

(iii) Our GZ: 1947-2022
-0.39 -0.14 -0.02 0.14 -0.52 -0.29 -0.02 0.24
[-3.17] [-1.93] [-0.30] [-5.91] [-3.42] [-0.24]

(iv) Our GZ: 1939-2022
-0.13 -0.08 -0.07 0.09 -0.11 -0.19 -0.06 0.08
[-1.14] [-1.52] [-1.02] [-0.62] [-2.76] [-0.60]

Table 9: Predictive power of the GZ spread for future economic activity. This table reports the standardized coefficients
from the following regression:

yt�h � α�
°p

k�1 βk � yt�k � βGZ �GZt � βTS � TSt � βRFF � RFFt � ϵt�h,
where yt�h represents the annualized percentage growth rate of two economic variables: industrial production (Panel A) and
nonfarm payroll employment (Panel B). For forecast horizon h, the dependent variable yt�h is measured over the h� 1 periods
between t � 1 and t � h. The main independent variable is the GZ spread (GZt), with two control variables capturing other
financial conditions: the term spread (TSt), defined as the yield difference between 3-month and 10-year Treasuries, and the
real federal funds rate (RFFt). The number of autoregressive terms p is determined by the Akaike Information Criterion. The
estimated regression coefficients for the three independent variables over 3-month and 12-month horizons, together with adjusted
R2 values, are reported. Shown in square brackets are t-statistics, computed using Newey-West standard errors with 12 lags.

We again consider four regression specifications. Comparing the first two specifications

in the post-1973 sample, our GZ spread robustly predicts declines in the two macroeconomic
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indicators at both forecast horizons, with slightly larger t-statistics and adjusted R2 values

relative to the original GZ spread for all cases. While this predictive power persists when we

expand our sample to the entire postwar period, the coefficients become statistically insignifi-

cant when we extend the sample as far back as the data allow (1926 for industrial production

and 1939 for nonfarm payroll employment).

The absence of statistical significance in the full sample is perhaps not surprising. Statis-

tically, the unconditional level of the GZ spread differs markedly across periods: the average

GZ spread is 4.09% prior to 1947 but only 1.79% in the postwar period (2.09% over the full

sample). Pooling periods with such distinct means makes it more difficult for a simple linear

regression to capture a stable covariance between the GZ spread and subsequent economic

activity. From an economic perspective, the prewar era features a prolonged episode of ele-

vated credit spreads, followed by a sharp and persistent compression in the postwar period.

This shift in the level and dynamics of credit spreads attenuates the estimated predictive

coefficients when the entire sample is combined. A similar pattern appears in Table 8, where

the predictive strength of the GZ spread for future recessions declines over the full sample,

although statistical significance remains. Overall, our analysis provides out-of-sample vali-

dation of the GZ spread’s economic content while revealing how its predictive power varies

across different historical episodes.41

6 Conclusion

This paper introduces a novel historical database of corporate bonds spanning 128 years, sig-

nificantly broadening the scope of research on corporate bonds. By integrating hand-collected

archival records with contemporary datasets, our database offers a unique opportunity to

examine the corporate bond market through multiple economic cycles. The sheer breadth

41One potential refinement would be to isolate the excess bond premium component of the GZ spread,
thereby removing the expected default component that may differ across periods. Following Gilchrist and
Zakraǰsek (2012), this would require estimating firm-level expected default probabilities using a Merton-
type distance-to-default framework, which in turn relies on market equity data and detailed balance-sheet
information (e.g., current and long-term liabilities). Constructing such measures for the long historical sample
would require assembling additional firm-level accounting data from archival sources such as Moody’s Manual.
We view this extension as beyond the scope of the present paper and leave it for future research.
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and granularity of these data make it possible to investigate empirical questions that were

previously constrained by data limitations.

Using this expanded historical record, we revisit the longstanding debate on the size of

the credit risk premium. While evidence from recent decades suggests that corporate bond

excess returns are driven largely by the term premium, our long-sample results point to a

fundamentally different conclusion. Over the full historical period, corporate bonds earn

a sizable and statistically significant credit risk premium that increases monotonically with

credit risk. We show that the small premium estimated in recent samples reflects the unusual

behavior of credit spreads during this period and measurement issues related to duration

matching, rather than an actual absence of compensation for bearing credit risk.

We believe that our new database can serve as a foundation for future corporate bond

studies, filling many crucial gaps in the literature. The corporate bond market has evolved

substantially over the past century, experiencing major shifts in issuer composition and bond

characteristics that are not visible from recent samples alone. By extending the empirical

record back more than a century, the database provides a clearer perspective on the long-

run performance and dynamics of corporate bonds and the risks investors bear when holding

them. By spanning multiple financial and macroeconomic regimes, it offers a more reliable

foundation for evaluating corporate credit risk and paves the way for future empirical research.

Appendix

A Construction of Treasury term structure

Beginning in June 1961, we rely on the standard smooth yield curves constructed using the

methodology of Gürkaynak, Sack, and Wright (2007), which builds on the parametric frame-

work of Nelson and Siegel (1987) and its extension by Svensson (1994). For each day, their

model is estimated using off-the-run Treasury notes and bonds. The resulting parameters

and the implied term structure, beginning at the 1-year horizon, are publicly available and

regularly updated on the Federal Reserve’s website. We obtain the monthly time series by
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selecting the yield curve as of the last trading day of each month. While the parametric form

allows for extrapolation beyond observed maturities, we conservatively apply flat extrapola-

tion when necessary. As noted by Gürkaynak, Sack, and Wright (2007), Nelson-Siegel-type

specifications can produce unreliable extrapolation outcomes at the long end. Likewise, we

avoid extrapolation at the short end due to the well-documented difficulty of capturing Trea-

sury bill rates using yields on longer-term securities – commonly referred to as the “short-rate

disconnect” (Duffee, 1996; Lenel, Piazzesi, and Schneider, 2019). Instead, we supplement the

curve with 1-month Treasury bill rates from Kenneth French’s website and 3-month rates from

the Federal Reserve’s website.

Constructing the Treasury yield curve for the pre-1961 period is particularly challenging

due to limited data availability. Most yield curve estimates in the literature begin in June 1961

(see also Liu and Wu, 2021), which marks the start of the CRSP Treasury daily file. Although

the CRSP Treasury monthly file is separately available and extends back to December 1925,

constructing a term structure for earlier periods remains challenging, as available yield obser-

vations become increasingly sparse further back in time. We address this challenge differently

in the following two subsample periods. (i) For the post-gold standard period from January

1934 to May 1961, where there are enough yield observations, we apply the methodology of

Gürkaynak, Sack, and Wright (2007) to the CRSP Treasury monthly file to obtain monthly

yield curves.42 (ii) For the pre-1934 period under the gold standard, we adopt the posterior

median term structures estimated by Payne, Szőke, Hall, and Sargent (2025) using Bayesian

methods.43 Their approach differs in that the estimation is conducted over the full sample

period from 1791 to 1933, rather than period by period, reflecting the very limited availability

42In the estimation, we exclude all callable bonds and flower bonds, following Gürkaynak, Sack, and Wright
(2007) and Liu and Wu (2021). While these papers also exclude on-the-run and first off-the-run issues, we
retain all available issues due to the limited number of observations in earlier periods. Tax status is also
handled slightly differently. In the post-1961 sample, nearly all Treasury notes and bonds are fully taxable
(coded as ITAX = 1), and the standard practice is to focus on this group. However, prior to 1961, this is not
feasible: most bonds were either fully or partially tax-exempt, and fully taxable bonds first appear in the data
in December 1940. We therefore use June 1942 as a cutoff. From that month onward, we restrict the sample
to fully taxable bonds, as there are sufficient observations to estimate yield curves only based on them. For
months prior to June 1942, we include both fully taxable and tax-exempt bonds.

43Payne, Szőke, Hall, and Sargent (2025) provide the estimated term structures at Harvard Dataverse:
https://doi.org/10.7910/DVN/3BLHJA.
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of federal debt in earlier years. Hence, our credit spreads for the pre-1934 period should be

interpreted with caution. As in the post-1961 period, we supplement these yield curves with

1-month and 3-month Treasury bill rates, using the extended historical series provided on

Amit Goyal’s website (see Goyal and Welch, 2008).

B Comparable Treasury securities

To define the credit risk premium, we first need to specify Treasury securities that are com-

parable to corporate bonds. To set the stage, consider a corporate bond i with cash flows 
CFi

tn

(N
n�1

paid at times ttnu
N
n�1. The price of this bond can be expressed as

P i
t �

Ņ

n�1

PVt

�
CFi

tn ; y
i
t

�
,

where PVt

�
CFi

tn ; y
i
t

�
� CFi

tn � e�yitptn�tq represents the time-t present value of cash flow CF i
tn

discounted using bond i’s continuously compounded yield to maturity yit.
44 The duration of

this bond is calculated as the present-value-weighted average of cash flow timings:

Di
t �

Ņ

n�1

�
PVt

�
CFi

tn ; y
i
t

�
°N

m�1 PVt

�
CFi

tm ; y
i
t

�
�
� ptn � tq �

Ņ

n�1

PVt

�
CFi

tn ; y
i
t

�
P i
t

� ptn � tq. (B.1)

As described in Appendix A, we estimate the monthly term structure of zero-coupon Treasury

yields over our sample period. Let zt,tn denote the continuously compounded Treasury zero

yield observed at time t for maturity tn.

44This present value function can be defined with any compounding frequency. For example, under the
market convention of semi-annual compounding, it is written as:

PVt

�
CFi

tn ; y
i
t

�
�

CFi
tn�

1� yit{2
�2ptn�tq

,

where the time to each cash flow tn � t is measured under the given day-count convention (typically, 30/360).
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B.1 Cash flow matching

Under cash flow matching, the Treasury benchmark is a hypothetical Treasury bond with an

identical series of cash flows, i.e., CFi,Trsy

tn � CFi
tn for all n P t1, � � � , Nu. The price of this

hypothetical Treasury bond is given by

P i,Trsy

t �
Ņ

n�1

CFi
tne

�zt,tn ptn�tq.

Then, the yield to maturity of this bond yi,Trsy

t is found by solving for the discount rate that

equates the present value of its future cash flows with the bond price P i,Trsy

t :

P i,Trsy

t �
Ņ

n�1

PVt

�
CFi

tn ; y
i,Trsy

t

�
.

The return on this hypothetical bond ri,Trsy

t�1 is calculated from P i,Trsy

t , P i,Trsy

t�1 , and any coupon

payment between t and t � 1, according to equation (1). The duration of this bond Di,Trsy

follows directly from equation (B.1) with yit replaced by yi,Trsy

t :

Di,Trsy �
Ņ

n�1

�
PVt

�
CFi

tn ; y
i,Trsy

t

�
°N

m�1 PVt

�
CFi

tm ; y
i,Trsy

t

�
�
� ptn � tq �

Ņ

n�1

PVt

�
CFi

tn ; y
i,Trsy

t

�
P i,Trsy

t

� ptn � tq.

The yield of the original corporate bond is generally higher than that of the hypothetical

Treasury bond (yi,Trsy

t   yit) due to additional risks, such as default risk and liquidity risk.

This makes the Treasury bond place greater weight on later cash flows and less weight on

early cash flows, giving it a longer duration (Di,Trsy ¡ Di
t).

B.2 Duration matching

Duration matching requires constructing a Treasury cash flow stream
 
CFi,Trsy

tn

(N
n�1

whose

duration equals that of the corporate bond, i.e., Di,Trsy � Di
t, where

Di,Trsy �
Ņ

n�1

PVt

�
CFi,Trsy

tn ; yi,Trsy

t

�
P i,Trsy

t

� ptn � tq. (B.2)
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Comparing equations (B.1) and (B.2), it suffices to find a portfolio of Treasury securities that

satisfies:

PVt

�
CFi,Trsy

tn ; yi,Trsy

t

�
P i,Trsy

t

�
PVt

�
CFi

tn ; y
i
t

�
P i
t

, for all n P t1, � � � , Nu. (B.3)

We build on van Binsbergen, Nozawa, and Schwert (2025), who consider a portfolio of zero-

coupon Treasuries maturing at ttnu
N
n�1. We demonstrate that their approach delivers close

but not exact equality, unless the Treasury term structure is flat. We refine their method with

recursive iterations to obtain exact duration matching.

Initial step

van Binsbergen, Nozawa, and Schwert (2025) construct a portfolio that allocates ωi
t,tn dollars

into the zero-coupon Treasury maturing at time tn, where

ωi
t,tn �

PVt

�
CFi

tn ; y
i
t

�
P i
t

, for all n P t1, � � � , Nu.

Since the price of each zero-coupon bond is e�zt,tn ptn�tq, the portfolio holds ωi
t,tn � ezt,tn ptn�tq

units of the bond. This implies that the cash flow from the portfolio at time tn is CFi,Trsy

tn �

ωi
t,tn � ezt,tn ptn�tq for each n P t1, � � � , Nu. The time-t price of this Treasury portfolio P i,Trsy

t

equals 1 because
°N

n�1w
i
t,tn � 1.

The duration of a zero-coupon bond maturing at time tn is simply tn � t years. Thus, the

weighted average duration becomes

Ņ

n�1

ωi
t,tn � ptn � tq �

Ņ

n�1

PVt

�
CFi

tn ; y
i
t

�
P i
t

� ptn � tq,

which exactly replicates the corporate bond’s duration in equation (B.1). Based on this, van

Binsbergen, Nozawa, and Schwert (2025) define the duration-matched Treasury return as the

return on this portfolio, which can also be computed as the weighted average return on zero-

coupon Treasuries. They also calculate the duration-matched Treasury yield as the weighted

average of zero-coupon Treasury yields. While this approach comes close, we argue that it
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does not provide exact duration matching. We point out two implicit approximation errors:

(1) The weighted average of zero-coupon yields is not identical to the yield on the entire

cash flow stream. To be accurate, the yield to maturity yi,Trsy

t should satisfy:

P i,Trsy

t �
Ņ

n�1

PVt

�
CFi,Trsy

tn ; yi,Trsy

t

�
. (B.4)

The yield to maturity can itself be interpreted as a type of weighted average of zero-

coupon yields. The real issue, therefore, is the size of the discrepancy between the two

approaches. We find that regressing the approximated yield on the exact yield gives a

99% R2, a slope coefficient of 0.9876, and a near-zero intercept. Although a difference

exists, it is numerically small and easily addressed by computing the exact yield rather

than using the approximation.

(2) The weighted average duration
°N

n�1 ω
i
t,tn � ptn � tq is not exactly the duration of the

cash flow stream. As shown in equation (B.2), the present-value weights in the duration

expression are, by definition, based on the single yield to maturity, not maturity-specific

zero yields. Therefore, unless the term structure is flat, the duration of the entire cash

flow stream calculated using yi,Trsy

t cannot coincide with the weighted average dura-

tion where each weight is based on its corresponding zero rate. More explicitly, since

CFi,Trsy

tn � ωi
t,tn � ezt,tn ptn�tq and P i,Trsy

t � 1, we can show that equation (B.3) does not

hold:

PVt

�
CFi,Trsy

tn ; yi,Trsy

t

�
P i,Trsy

t

� ωi
t,tn � epzt,tn�yi,Trsy

t qptn�tq � ωi
t,tn �

PVt

�
CFi

tn ; y
i
t

�
P i
t

,

unless zt,tn � yi,Trsy

t for all n P t1, � � � , Nu. Put differently, under a non-flat term

structure, the portfolio proposed by van Binsbergen, Nozawa, and Schwert (2025) does

not generate the same duration as the corresponding corporate bond.45

45If we redefine duration by discounting individual cash flows with their respective zero yields, this portfolio
delivers the exact matched duration value. However, calculating duration this way is difficult for corporate
bonds, whose full zero-coupon yield curve is typically not available. Furthermore, under this alternative
definition, we can no longer treat duration as the negative of the first derivative of the log bond price with
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Recursive iterations

We propose a recursive procedure to achieve exact duration matching. We use the portfolio

of van Binsbergen, Nozawa, and Schwert (2025) as the starting point of the iterations, since

it already generates a close duration value.

(i) We initialize CFi,Trsy

tn � ωi
t,tn � ezt,tn ptn�tq for all n P t1, � � � , Nu, as proposed by van

Binsbergen, Nozawa, and Schwert (2025). As shown above, the price of this cash flow

stream P i,Trsy

t equals 1, so we can find the yield to maturity yi,Trsy

t using equation (B.4).

We denote them as
!

(0)
P i,Trsy

t ,
(0)
yi,Trsy

t

)
.

(ii) Given
!

(k)
P i,Trsy

t ,
(k)
yi,Trsy

t

)
from the previous iteration, we update each cash flow CFi,Trsy

tn

for n P t1, � � � , Nu so that the duration matching condition in equation (B.3) is met:

CFi,Trsy

tn � e
(k)

yi,Trsy
t ptn�tq �

(k)
P i,Trsy

t �
PVt

�
CFi

tn ; y
i
t

�
P i
t

.

The updated cash flow stream implies new values for the price and yield. The updated

price
(k+1)

P i,Trsy

t is obtained from

(k+1)
P i,Trsy

t �
Ņ

n�1

CFi,Trsy

tn e�zt,tn ptn�tq,

and the updated yield to maturity
(k+1)

yi,Trsy

t is backsolved from

(k+1)
P i,Trsy

t �
Ņ

n�1

PVt

�
CFi,Trsy

tn ;
(k+1)

yi,Trsy

t

	
.

(iii) If
!

(k)
P i,Trsy

t ,
(k)
yi,Trsy

t

)
and

!
(k+1)

P i,Trsy

t ,
(k+1)

yi,Trsy

t

)
are close within a pre-specified tolerance

level, the procedure terminates; otherwise, we return to (ii) and repeat until convergence.

In our implementation, convergence is typically reached within a small number of iter-

ations.

respect to the bond’s yield to maturity.
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Once we obtain the cash flow stream that exactly matches the duration, we can implement it

with a portfolio of zero-coupon Treasury bonds. The portfolio weights are now recalculated

by

ωi
t,tn �

CFi,Trsy

tn � e�zt,tn ptn�tq

P i,Trsy

t

, for all n P t1, � � � , Nu.

The return on this duration-matched portfolio ri,Trsy

t�1 is then calculated as the weighted average

return on zero-coupon Treasuries using ωi
t,tn as weights.
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