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How to Use the CFA
Program Curriculum

The CFA’ Program exams measure your mastery of the core knowledge, skills, and
abilities required to succeed as an investment professional. These core competencies
are the basis for the Candidate Body of Knowledge (CBOK™). The CBOK consists of
four components:

= A broad outline that lists the major CFA Program topic areas (www
.cfainstitute.org/programs/cfa/curriculum/cbok)

= Topic area weights that indicate the relative exam weightings of the top-level
topic areas (www.cfainstitute.org/programs/cfa/curriculum)

= Learning outcome statements (LOS) that advise candidates about the spe-
cific knowledge, skills, and abilities they should acquire from curriculum
content covering a topic area: LOS are provided in candidate study sessions
and at the beginning of each block of related content and the specific lesson
that covers them. We encourage you to review the information about the
LOS on our website (www.cfainstitute.org/programs/cfa/curriculum/study
-sessions), including the descriptions of LOS “command words” on the can-
didate resources page at www.cfainstitute.org.

= The CFA Program curriculum that candidates receive upon exam
registration

Therefore, the key to your success on the CFA exams is studying and understanding
the CBOK. You can learn more about the CBOK on our website: www.cfainstitute
.org/programs/cfa/curriculum/cbok.

The entire curriculum, including the practice questions, is the basis for all exam
questions and is selected or developed specifically to teach the knowledge, skills, and
abilities reflected in the CBOK.

ERRATA

The curriculum development process is rigorous and includes multiple rounds of
reviews by content experts. Despite our efforts to produce a curriculum that is free
of errors, there are instances where we must make corrections. Curriculum errata are
periodically updated and posted by exam level and test date online on the Curriculum
Errata webpage (www.cfainstitute.org/en/programs/submit-errata). If you believe you
have found an error in the curriculum, you can submit your concerns through our
curriculum errata reporting process found at the bottom of the Curriculum Errata
webpage.

DESIGNING YOUR PERSONAL STUDY PROGRAM

An orderly, systematic approach to exam preparation is critical. You should dedicate
a consistent block of time every week to reading and studying. Review the LOS both
before and after you study curriculum content to ensure that you have mastered the


www.cfainstitute.org/programs/cfa/curriculum/cbok
www.cfainstitute.org/programs/cfa/curriculum/cbok
www.cfainstitute.org/programs/cfa/curriculum
www.cfainstitute.org/programs/cfa/curriculum/study-sessions
www.cfainstitute.org/programs/cfa/curriculum/study-sessions
www.cfainstitute.org
www.cfainstitute.org/programs/cfa/curriculum/cbok
www.cfainstitute.org/programs/cfa/curriculum/cbok
www.cfainstitute.org/en/programs/submit-errata
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applicable content and can demonstrate the knowledge, skills, and abilities described
by the LOS and the assigned reading. Use the LOS self-check to track your progress
and highlight areas of weakness for later review.

Successful candidates report an average of more than 300 hours preparing for each
exam. Your preparation time will vary based on your prior education and experience,
and you will likely spend more time on some study sessions than on others.

CFA INSTITUTE LEARNING ECOSYSTEM (LES)

Your exam registration fee includes access to the CFA Program Learning Ecosystem
(LES). This digital learning platform provides access, even offline, to all of the curricu-
lum content and practice questions and is organized as a series of short online lessons
with associated practice questions. This tool is your one-stop location for all study
materials, including practice questions and mock exams, and the primary method by
which CFA Institute delivers your curriculum experience. The LES offers candidates
additional practice questions to test their knowledge, and some questions in the LES
provide a unique interactive experience.

PREQUISITE KNOWLEDGE

The CFA® Program assumes basic knowledge of Economics, Quantitative Methods,
and Financial Statements as presented in introductory university-level courses in
Statistics, Economics, and Accounting. CFA Level I candidates who do not have a
basic understanding of these concepts or would like to review these concepts can
study from any of the three pre-read volumes.

FEEDBACK

Please send any comments or feedback to info@cfainstitute.org, and we will review
your suggestions carefully.
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LEARNING MODULE

Fixed-Income Instrument Features

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] describe the features of a fixed-income security

] describe the contents of a bond indenture and contrast affirmative
and negative covenants

INTRODUCTION

Fixed-income instruments, such as loans and bonds, are the most common means of
financing. Fixed-income issuers include businesses, governments, and not-for-profits
that promise to pay interest and repay borrowed principal to investors. Loans are
commonly used between an individual or company and a bank. Bonds are more stan-
dardized fixed-income instruments designed to be more easily tradeable than loans
and are commonly issued by larger companies, governments, and special purpose
issuers. Bonds are a core holding for many investors, including mutual funds, pension
plans, insurance companies, and central banks. This module introduces the features
of fixed-income instruments and the legal contracts that govern them.

LEARNING MODULE OVERVIEW %

»  Fixed-income instruments are debt instruments, such as loans
and bonds, that represent a contractual agreement under
which an issuer borrows money from investors in exchange for inter-
est and future repayment of principal.

= Key features of fixed-income instruments include the issuer (bor-
rower), time to maturity, principal amount, coupon rate and fre-
quency, seniority, and contingency provisions. These features in turn
define the cash flow structure of the instrument.

= A fixed-income investor (lender) receives a return or yield based on
the periodic cash flows paid by the bond issuer and the change in price
of the bond. A bond’s price and yield vary inversely with one another.
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= Fixed-income investors are exposed to credit risk, the risk of loss
resulting from the issuer failing to make full and timely payments of
interest and/or to repay principal. Investors expect to earn the lowest
yield on bonds that carry little or no credit risk and expect higher
yields on lower-credit-quality instruments.

= A fixed-income instrument’s credit quality is affected by the underly-
ing source of repayment, its seniority, credit provisions such as collat-
eral backing, and the issuer’s willingness to pay.

= The legal contract describing the features and other terms of a
fixed-income security is known as an indenture.

= Indentures often contain covenants, or legally enforceable terms,
agreed to at the time of issuance. These may either require the bond
issuer to take an action or prohibit the issuer from performing some
action.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of this learning module.

1. The annual coupon amount for a fixed-rate bond is calculated by:

A. multiplying its yield by the par value of the bond.
B. Multiplying its coupon rate by the price of the bond.

C. Multiplying its coupon rate by the par value of the bond.
Solution:

C is correct. On each interest payment date, a fixed-rate bond issuer pays
investors a coupon payment equal to the bond’s coupon rate times its par
value. For periods shorter than a year, the annual coupon amount is divided
into smaller equal periodic payments. For example, a bond with a par value
of 100 and a coupon rate of 6% paid quarterly would pay coupon payments
of 0.06 x 100 = 60/4 = 15 four times per year.

2. Match each bond type in the left column with a description in the right
column.

A. Fixed-coupon bond | L. The difference between its issuance price and par
value at maturity represents a cumulative interest pay-
ment at maturity.

B. Floating-rate note II. Usually involves uniform payments that occur at
monthly, quarterly, semi-annual, or annual intervals.

C. Zero-coupon bond III. Involves interest payments that reset periodically
based on market factors.

Solution:

A. IIis correct. Fixed-coupon bonds usually involve uniform payments
that occur at monthly, quarterly, semi-annual, or annual intervals.

B. III is correct. Floating-rate notes (FRNs) involve interest payments that
reset periodically based on market factors.




© CFA Institute. For candidate use only. Not for distribution.
Introduction

C. Iis correct. Zero-coupon bonds are typically issued at a discount to
par; the difference between the issuance price and par value represents
a cumulative interest payment at maturity.

3. The coupon rate for a floating rate note (FRN) is composed of a market
reference rate and:

A. a credit rating.
B. an issuer-specific spread.

(. The yield on a fixed-rate benchmark bond.
Solution:

B is correct. An FRN coupon rate comprises a market reference rate (MRR)
and an issuer-specific spread that is usually constant and set at the time

of issuance, while the MRR resets periodically based on market factors.

As the MRR changes, the FRN coupon rate and interest payment change
accordingly.

A is incorrect. While the issuer’s credit rating may be a determinant of an
FRN’s spread over the MRR, a credit rating is a letter-grade assessment of
credit risk and is not directly involved in the calculation of the coupon rate.
Cis incorrect. The yield on a fixed-rate benchmark bond would reflect top-
down factors that determine interest rates, such as real growth and expected
inflation, which are already considered in the MRR.

4. A sovereign bond is usually a safer investment than a corporate bond of
similar maturity issued within a country because:

A. corporate bonds are subject to inflation risk.

B. sovereign bonds are backed by taxation and fiscal power of the issuing
government.

C. sovereign bonds are secured by high-quality collateral, such as prop-
erty and equipment.
Solution:

B is correct. Sovereign bonds are backed by a national government’s taxa-
tion and fiscal power and thus usually represent the highest-credit-quality
bonds in each geographic market.

A is incorrect because sovereign bonds, unless specifically indexed to infla-
tion, are also subject to inflation risk.

C is incorrect because sovereign bonds are typically not secured by collat-
eral; this is more commonly a feature of corporate bonds and asset-backed
securities.

5. Which of the following is the appropriate order of claims in liquidation, by
type of bond, in order of highest to lowest?

A. Junior, senior secured, senior unsecured

B. Senior unsecured, senior secured, junior

(. Senior secured, senior unsecured, junior
Solution:

C is correct. Senior secured debts would be the highest-priority claims to
be satisfied. Senior unsecured debts would be the next to receive allocations
of the liquidated asset value, and junior debts would be the lowest-priority
claims to be satisfied.
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6. Describe the purpose of a pari passu clause in a bond indenture.
Solution:

A pari passu (“equal footing”) clause ensures that a debt obligation is treated
the same as the borrower’s other senior debt instruments.

FEATURES OF FIXED-INCOME SECURITIES

] describe the features of a fixed-income security

Fixed-income instruments are debt instruments, such as loans and bonds. Loans
are debt instruments formed and governed by a private agreement usually between
an individual or company and a financial intermediary, such as a bank. Bonds or
fixed-income securities are more standardized contractual agreements between larger
issuers and investors. A bond issuer borrows money most often to fund operations or
capital expenditures. Bond investors are lenders who provide funds to the issuer in
exchange for interest payments and future repayment of principal. While corporate
issuers tend to have, at most, one or two types of equity securities outstanding, they
often have many types of debt obligations outstanding, each with distinct features,
such as time to maturity, seniority, and currency.

WHICH LIABILITIES ARE FIXED-INCOME INSTRUMENTS?

Earlier modules in corporate issuers and financial statement analysis discussed
the balance sheets of corporate issuers composed of assets and the liabilities
and equity that finance them. Liabilities are broadly defined by accounting
standards as present obligations to transfer economic resources as a result of
past events. This definition encompasses many types of obligations, including
amounts that an issuer owes to suppliers, customers, employees, governments,
retirees, lessors, and so on.

Not all liabilities are fixed-income instruments (or “debt”), but all fixed-in-
come instruments are liabilities. In these modules on fixed income, from the
perspective of a corporate issuer, we are focused only on loans and bonds:
instruments that can be settled in cash and for which the counterparty is an
investor or a bank. Other liabilities, particularly leases and pension obligations,
share some characteristics with fixed-income instruments but are outside the

scope of these modules.
/ Accounts Payable Lease Liability
(obligations to (obligations to
suppliers) lessors)

Accrued Payroll Pension Liability

Short-Term (obligations to (obligations to
Liabilities < employees)

Deferred Revenue
Long-Term (obligations to (obligations to
Liabilities customers) banks)

Short-Term
Assets

Long-Term
Assets

Taxes Payable Bonds
(obligations to (obligations to
governments) investors)

Fixed-Income
Instruments
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Note that government issuers tend to be financed by bonds, not by loans,
though some exceptions exist—for example, loans from supranational organi-
zations such as the International Monetary Fund (IMF).

The committed periodic cash flows of a bond distinguish it from equity securities.
Exhibit 1 shows the cash flows of a fixed-rate bond issued by Bright Wheels Automotive
(BRWA) Corporation.

Exhibit 1: BRWA Corporation Bond Cash Flows

Time | } |
t=0 Semiannual (t) Maturity (t=T)
BRWA BRWA BRWA
Corp Corp Corp
Principal Periodic fixed Final coupon
(par value) coupon payment plus
paid to issuer payment return of principal
Bond Bond Bond
Investor Investor Investor

At issuance, investors purchased the BRWA bond in exchange for cash equal to the
bond principal or the amount borrowed, which is also referred to as the bond’s par
value. On each interest payment date, BRWA commits to pay bond investors an inter-
est or coupon payment equal to the coupon rate times the par value of the bond. For
periods shorter than a year, the annual coupon amount is divided into smaller equal
periodic payments. On the bond’s maturity date, BRWA pays the final fixed coupon
and the principal amount to investors.

The key features of each bond issue are usually summarized in a prospectus. Exhibit
2 outlines the terms of BRWA Corporation’s bond issue.
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Exhibit 2: BRWA Corporation Bond: Brief Summary of Terms

3.2% BRWA Corporation Five-Year Notes

B liabl
prrowertiable (The "Notes") Prospectus Summary

for all interest

and principal > Issuer: Bright Wheels Automotive Corporation
payments
Settlement Date: [T + 3 Business Days]
Maturity Date: [Five Years from Settlement Date] «——————— Final date upon which

bond payment occurs

Principal Amount: ~ US$ 300 million [
P Amount that issuer
Periodic fixed or ) o i \
variable cash | v Interest: 3.2% fixed coupon agrees to pay

flows paid to / investors on or before
) Interest Payment: ~ Commencing six months from [Settlement the maturity date
investors on or Y

Date] to be paid semiannually with final
before the

; ayment on [Maturity Date
maturity date pay f v ]

Seniority: The Notes are unsecured and unsubordinated
obligations of BRWA Corporation and will
A specific rank pari passu with all other unsecured and
bond's ranking unsubordinated indebtedness
among all issuer
obligations Business Days: New York

Key bond features include the issuer, time to maturity, principal amount, coupon rate
and frequency, seniority, and contingency provisions.

Issuer

A bond issuer can be any legal entity and is liable for all interest and principal payments.
Government sector issuers include national (also termed sovereign) or local govern-
ments, supranational organizations (such as the World Bank), and quasi-government
entities (agencies owned or sponsored by governments, such as postal services or
national railways). Because sovereign bonds are backed by the taxation and fiscal
power of the issuing government, they usually represent the lowest-credit-risk bond
in each region. Private sector issuers include corporate issuers and special purpose
entities created to take ownership in such assets as loans or receivables, financed by
asset-backed securities (ABS) issued to investors, which will be discussed in detail
in later lessons.

Maturity

A bond’s maturity is the date of the final payment the issuer makes to investors, and
the tenor refers to the remaining time to maturity. Fixed-income securities with a
tenor one year or less at issuance are known as money market securities, examples
of which include government Treasury bills and commercial paper issued by corpo-
rations. Bonds with tenors longer than one year at issuance are called capital market
securities. Perpetual bonds are a less common bond type with no stated maturity.
Public sector entities were the first issuers of perpetual bonds, and current examples
include local governments and local authorities, as well as certain bonds issued by
banks to meet regulatory capital requirements. Perpetual bonds are still distinct from
equities, however, in that they have contractually defined cash flows, no voting rights,
and greater seniority in the capital structure.
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AIRPORT AUTHORITY HONG KONG'S PERPETUAL BONDS

Airport Authority Hong Kong (AAHK) is a statutory body responsible for
operating and developing Hong Kong International Airport, one of the world’s
busiest cargo airports and a major passenger hub connecting to over 200
global destinations. In late 2020, following a sharp decline in passenger volume
during the COVID-19 pandemic, AAHK announced a two-part, USD1.5 billion
perpetual bond issue to fund construction of a third runway and for general
corporate purposes. Asian and European investors demonstrated confidence in
the airport’s recovery of passenger volume, placing orders totaling more than
10x the offer amount.

Principal (Par or Face Value)

The principal, par value, or face value is the amount an issuer agrees to repay to
investors at maturity. In the BRWA Corporation example, the principal amount
of USD300 million is repaid at maturity, which is five years from issuance. Certain
instruments may repay the principal in equal or variable increments over time. A
common example is a mortgage loan, for which borrowers make a monthly payment
composed of both principal repayment and interest. The principal is repaid over time
and not in a lump sum at maturity.

Coupon Rate and Frequency
A bond’s interest can be paid as

= a fixed coupon paid on specified dates,
= avariable coupon determined and paid on specified dates, or

= part of a single payment with the principal at maturity.

Fixed-coupon bond payments usually involve uniform payments at monthly, quar-
terly, semi-annual, or annual intervals. Corporate bonds tend to pay semiannually.

Bonds with variable interest payments are called floating-rate notes (FRNs). An
FRN coupon is determined as a combination of a market reference rate (MRR) and an
issuer-specific spread referred to as the credit spread. The MRR is a standard borrowing
or lending rate for issuers with the highest creditworthiness or lowest default risk for
different currencies and maturities. MRRs were historically determined by a poll of
lenders (Libor) but transitioned to an average of observed market transaction rates.

The credit spread is set at the time of FRN issuance, is usually constant over the
bond’s life, and is expressed in basis points (bps), or hundredths of a percentage point.
The higher an issuer’s credit quality, the lower the spread. In contrast, the MRR resets
periodically throughout the bond’s life based on market factors. As the MRR changes,
the FRN coupon rate and interest payment change accordingly.

Bonds that do not pay periodic interest and instead pay interest as part of a single
payment with principal at maturity are termed zero-coupon bonds or pure discount
bonds. Zero-coupon bonds are typically issued at a discount to par; the difference
between the issuance price and par value represents a cumulative interest payment
at maturity.

Seniority

A debt issue’s seniority or priority of repayment among all issuer obligations is an
important determinant of risk. Senior debt has priority over other debt claims in the
case of bankruptcy or liquidation. Junior debt, or subordinated debt, claims have a
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lower priority than senior debt and are paid only once senior claims are satisfied. The
BRWA Corporation bonds are senior debt and would be repaid before any BRWA
subordinated debt in the event of bankruptcy.

Contingency Provisions

A contingency provision is a clause in a legal agreement that allows for an action if
an event or circumstance occurs. The most common contingency provision for bonds
involves embedded options—specifically, call, put, and conversion to equity options.
These resemble option contracts but cannot be traded separately from the bond itself.
However, the value of these embedded options may be established by comparing the
value of a bond with a contingency provision with that of an otherwise similar stan-
dard bond from the same issuer. The BRWA bond does not contain any contingency
provisions, but this feature will be explored in depth in later lessons.

We can use the features of a bond issue to model its cash flows. Exhibit 3 illus-
trates the cash flows over the life of the five-year, fixed-coupon BRWA Corporation
bond described earlier.

Exhibit 3: BRWA Corporation Bond Cash Flows

304.8
300 ")

Investors receive

final coupon and

principal payment
at maturity

48 48 48 48 48 48 48 48 438

05 10 156 20 25 30 35 40 45 50 Years

BRWA Corp.

receives par <
value of bond
upon issuance

300

At the time of issuance, investors purchase the bond and pay cash to BRWA Corporation
equal to the USD300 million in par value. BRWA investors receive periodic interest
payments as follows:

Annual interest expense = Bond par value x Coupon rate.
Annual interest expense = USD300,000,000 x 3.2%.
Annual interest expense = USD9,600,000.

Semiannual interest expense = USD9,600,000/2 = USD4,800,000.
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At the end of the fifth year on the maturity date, BRWA Corporation pays investors
the final semiannual coupon payment plus the par value of USD300 million for a total
of USD304.8 million.

Yield Measures

Given a bond’s expected cash flows and its price, return or yield measures can be
calculated. One simple measure is the current yield (CY), equal to the bond’s annual
coupon divided by the bond’s price and expressed as a percentage. For example, if the
five-year BRWA bond were trading at a price of USD101 per USD100 in face value at
time ¢, its current yield would be

CY,; = Annual coupon,/Bond price, = 3.2%/1.01 = 3.168%.

The current yield is analogous to the dividend yield for an equity security.

A more complex but far more common yield measure is the yield-to-maturity
(YTM), which is the internal rate of return (IRR) calculated using the bond’s price
and its expected cash flows to maturity. YTM is usually quoted as an annual rate. An
investor’s rate of return on a bond will equal the bond’s YTM at the time of purchase
as long as the investor

1. receives all promised interest and principal payments as scheduled (i.e., no
default),

2. holds the bond until maturity, and
3. reinvests all periodic cash flows at the YTM.

Notice that these are the same IRR assumptions discussed in earlier modules. If
any of these assumptions do not hold, the investor’s rate of return on the bond invest-
ment will differ from the YTM. If the five-year BRWA bond were trading at a price
of USD101 per USD100 in face value immediately after issuance, its YTM is the rate,
r, in the following equation (recall that the 3.2% coupon is paid semiannually, or 1.6
in each of 10 periods per USD100 in face value):

101 = 1.6/(1 +1)! + 1.6/(1 + 1)2 + ... + 101.6/(1 + )10

r=1.49% on a semiannual basis, or 1.49% x 2 = 2.98% annualized.

The YTM calculation is covered in depth in later modules.

Yield Curves

Most fixed-income issuers have many debt instruments outstanding. A useful way
of evaluating the YTM on one issue is to graph all an issuer’s debt instruments with
identical features by their YTM and times to maturity. This graphical depiction results
in a yield curve. BRWA has six bond issues outstanding, shown in Exhibit 4. The 3.2%,
five-year bond is the third point from the left.

1
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Exhibit 4: BRWA Corporation Bond Yield Curve

Yield-to-Maturity (%)

BRWA Corporation

3.2%

5y Maturity

In this example, the BRWA bonds with longer maturities have higher YTMs, indicating
that investors are demanding higher expected returns to compensate for higher risk
associated with longer-maturity bonds of the same issuer. A way to measure the credit
risk (one type of investment risk of fixed-income securities) for a bond is to compare
an issuer’s yield curve to that of comparable sovereign bonds, which have little or no
credit risk. Exhibit 5 shows the yield curve for BRWA bonds versus the yield curve
for comparable sovereign bonds in the United States, which are US Treasuries.

Exhibit 5: BRWA Corporation Yield Curve vs. Treasuries

Yield-to-Maturity (%)

BRWA Corporation

Government Issuer
3.2%

2.3%

5y Maturity

The yield-to-maturity difference between the five-year BRWA bond and the five-year
US Treasury bond is 90 bps (= 3.2% - 2.3%), which reflects compensation that inves-
tors demand for taking the additional credit risk associated with the BRWA bonds.
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QUESTION SET [ f

1. Match the fixed-income instrument type in the left column with its
description in the right column.

A. Money market securities I. Public and private bonds with a time
to maturity of greater than one year

B. Capital market securities I1. Fixed-income instruments with
maturities of less than one year, such as
commercial paper

C. Perpetual bonds III. Bonds that have no stated maturity
date

Solution:

A. 1IIis correct. Money market securities are fixed-income instruments
with maturities of less than one year, such as commercial paper.

B. Iis correct. Capital market securities are public and private bonds
with a time to maturity of greater than one year.

C. 1IIis correct. Perpetual bonds have no stated maturity date.

2. Calculate the coupon payment on a 2.5% coupon bond with GBP100,000 par
value and a semiannual payment frequency.

Solution:

The correct answer is GBP1,250.

The annual coupon on a bond is calculated by multiplying the coupon rate
and the par value. For this bond, the coupon rate of 2.5% and par value

of GBP100,000 results in a GBP2,500 annual coupon. However, since the
payment frequency is semiannual (twice a year), each coupon payment is
GBP1,250.

3. Determine the appropriate FRN coupon and interest payable in the fol-
lowing example: A European corporation issues a EUR10 million FRN
that pays quarterly interest equal to the three-month MRR plus 125 bps. If
three-month MRR is —0.50%, what is the corporation’s FRN coupon interest
payable on the FRN for the period?

Solution:

The answer is EUR18,750.
An FRN coupon comprises MRR plus the issuer-specific spread.

FRN coupon = MRR + Spread.

FRN coupon =—-0.50% + 1.25%.

FRN coupon = 0.75%.

Annual interest = Principal x FRN coupon.

Annual interest = €10,000,000 x 0.75%.

Annual interest = €75,000, or €18,750 on a quarterly basis.
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4. Fill in the blanks. The current yield is equal to a bond’s annual divided
by the bond’s price expressed as a percentage. If the bond’s price were to fall,
we would expect the current yield to .

Solution:

The current yield is equal to a bond’s annual coupon divided by the bond’s
price expressed as a percentage. If the bond’s price were to fall, we would
expect the current yield to rise.

5. Fill in the blanks. A downward-sloping yield curve indicates that
yields-to-maturity on an issuer’s longer-term bonds are than
yields-to-maturity on that issuer’s shorter-term bonds.

Solution:

A downward-sloping yield curve indicates that yields-to-maturity on an
issuer’s longer-term bonds are lower than yields-to-maturity on that issuer’s
shorter-term bonds.

BOND INDENTURES AND COVENANTS

] describe the contents of a bond indenture and contrast affirmative
and negative covenants

Bond Indentures

Fixed-income security features outlined in the prior lesson are included in a legal
contract that describes the form of the bond, the obligations of the issuer, and the
rights of the bondholders. This legal contract is referred to as the bond indenture.
In addition to specifying a bond’s features, an indenture identifies the issuer’s sources
of repayment, any commitments made by the issuer to bondholders, as well as any
provisions that support or enhance the issuer’s ability to repay its debt in full.

Sources of Repayment

The sources of bond repayment vary among issuers and are a key factor in determining
a bond’s relative risk. For example, national governments have the sovereign right
to tax economic activity (and, in some cases, print currency), which results in their
bonds often holding the highest credit quality in a given region. Sovereign bonds in
developed markets are often considered to have no default risk and are used as the
benchmark for relative bond market risk.

Local or regional governments may either use their taxing authority as the source
of bond repayment or consider fees from infrastructure projects, such as bridges,
toll roads or public transit systems, to repay interest and principal on an associated
bond issue.

Investors in corporate bonds usually rely on the operating cash flows of the firm
as their primary source for interest and principal payments. As shown in later lessons,
investors use such factors as profitability and leverage to gauge the expected variabil-
ity of corporate cash flows available to service debt. Corporate bonds for issuers of
higher credit quality are usually unsecured, which means these cash flows are the
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sole source of repayment, as in the earlier BRWA Corporation example. Corporate
issuers with less stable operating cash flows usually face more credit provisions and
restrictions and may offer investors a legal claim (or lien or pledge) on specific assets
as a secondary source of debt repayment in what are referred to as secured bonds.
In liquidation, the secured debtholders may receive the value of the designated assets
while unsecured debtholders would only receive any funds remaining after this allo-
cation. A junior unsecured bondholder would be the last creditor in line to receive
the asset value of an issuer in default, because all secured debts and senior unsecured
debts would have higher-priority claims.

Investors evaluate operating cash flows as well as these secondary claims (referred
to as collateral) when assessing an issuer’s credit quality, which may include physical
assets; cash flows, such as licensing fees; or financial guarantees from a third party.
Issuers must weigh the benefit of providing these credit enhancements (lower bor-
rowing costs) with the costs in terms of reduced operating flexibility.

Exhibit 6: Sovereign Bond and Corporate Bond Sources of Repayment

Tax Sovereign Bond
Revenues Bond Investor
Operating Unsecured Bond

Cash Flows Corporate Bond Investor
Operating
Cash Flows \
Secured Bond
Corporate Bond Investor
Collateral /
Cash Flows
or Sale

As the name suggests, the source of repayment for asset-backed securities (ABS) are
the cash flows from a group of loans or receivables owned by the special purpose
issuer. A later module will show in detail how an ABS transaction recreates an entire
capital structure of asset-based cash flow claims across investor classes with different
priority claims to these cash flows. These different classes shown in Exhibit 7 are
referred to as tranches.

Exhibit 7: Asset-Backed Security Sources of Repayment

Tranche A

/ Bond Investor
Loan/ Asset-Backed

Tranche B
Receivable — Security Bond Investor

Cash Flows (ABS)
\ Tranche C

Bond Investor
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For example, Tranche A notes might have a priority claim to periodic cash flows fol-
lowed by Tranche B. Tranche C investors would receive cash flows only after Tranche
A and B investors.

Bond Covenants

Bondholders have limited influence over an issuer as compared to equity investors,
who have voting rights. One exception to this is legally enforceable rules or bond
covenants that borrowers and lenders agree on at the time a bond is issued or a
loan is made. Affirmative covenants specify what issuers are required to do, whereas
negative covenants specify what issuers are prohibited from doing.

Affirmative covenants are typically administrative in nature. For example, common
affirmative covenants include the use of proceeds from the bond issue, the provision
of timely financial reports, and permitting bondholders to redeem their bonds at a
premium to par if the issuer is acquired.

Other affirmative covenant examples include a pari passu clause (or “equal foot-
ing” clause), which ensures that a debt obligation is treated the same as the borrower’s
other debt obligations with similar seniority. A cross-default clause specifies that
borrowers are considered in default if they default on another debt obligation. These
covenants typically neither impose additional costs on an issuer nor materially con-
strain the issuer’s discretion in operating its business.

Exhibit 8 provides the covenants faced by BRWA Corporation for its senior unse-
cured bonds from the prior example.

Exhibit 8: BRWA Bond: Brief Summary of Indenture Terms

3.2% BRWA Corporation Five-Year Notes
Prospectus Summary (Continued)

Issuer: Bright Wheels Automotive Corporation

Use of Proceeds: We will use the net proceeds from the Notes for general corporate
purposes

Seniority: The Notes are unsecured and unsubordinated obligations of BRWA

Corporation and will rank pari passu with all other unsecured and
unsubordinated indebtedness.

Limitation on The Indenture restricts our ability to pledge some of our assets as
Liens: security for other debt.

Limitation on Sales The Indenture prohibits us from selling and leasing back any plant

and Leasebacks: for a term of more than [X] years
Merger and The Indenture prohibits us from merging or consolidating with
Consolidation: any company or selling all or substantially all of our assets to any

company if after doing so the surviving company would violate the
limitation on liens or sales and leasebacks discussed above.

As a senior unsecured issuer, BRWA’s use of proceeds is broadly defined, and it faces
few negative covenants limiting its business decisions. The limitations of liens and sale
and leaseback, as well as merger and consolidation restrictions, all protect bondholders
from the dilution of their claims as senior bondholders.

Issuers of lower credit quality often face additional covenants established to pro-
tect bondholders if an issuer’s financial condition deteriorates. For example, consider
the case of Vivivyu Inc., a digital media corporation that has issued senior secured
callable bonds, as shown in Exhibit 9.
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Exhibit 9: Vivivyu Inc. Summary of Bond and Indenture Terms

6.5% Vivivyu Inc. (VIVU) Seven-Year Callable Notes (The “Notes”)
Prospectus Summary

Issuer: Vivivyu Incorporated

Settlement Date: [T + 3 Business Days]

Maturity Date: [Seven Years from Settlement Date]

Principal Amount: USD400 million

Interest: 6.5% fixed coupon

Interest Payment: Starting six months from [Settlement Date] to be paid semiannu-
ally with final payment on [Maturity Date]

Seniority: The Notes are secured and unsubordinated obligations of VIVU
and rank pari passu with all other secured and unsubordinated
debt

Call Provision: The Issuer may redeem some or all of the Notes on any Business

Day before [Maturity] starting three years after [Settlement]
based on the Call Price Schedule as a percentage of the Principal
Amount plus accrued interest

Call Price Schedule: 103.25% [Three to Four Years after Settlement]
102.50% [Four to Five Years after Settlement]
101.75% [Five to Six Years after Settlement]
101.00% [Six to Seven Years after Settlement]

In the case of Vivivyu, bondholders are protected by a set of covenants which closely
monitor certain financial ratios and restrict its ability to pay dividends to shareholders,
repurchase shares, and / or take on additional debt unless tighter financial restrictions
are met under what is referred to as an incurrence test (see Exhibit 10).

Exhibit 10: VIVU Bond: Brief Summary of Indenture Terms

6.5% Vivivyu Inc. (VIVU) Seven-Year Callable Notes (The “Notes”)
Prospectus Summary (continued)

Issuer: Vivivyu Incorporated

Transaction Security: The Notes are secured by a pledge of certain assets as identi-
fied in the Indenture.

Restriction on Unless the Incurrence Test is met, the Issuer shall not issue

Additional Debt: additional debt unless it is (a) subordinated or (b) a working
capital facility up to 20% of the Principal Amount of Notes
outstanding.

Restrictions on The Issuer shall not (i) pay any dividend in respect of its

Dividends and shares, (ii) repurchase any of its own shares, or (iii) reduce

Distributions: share capital with repayment to shareholders unless the

Incurrence Test is met.
Debt Restriction Test: Issuer must maintain (a) Net Interest Bearing Debt to
EBITDA not greater than 5.00x and (b) Interest Coverage
Ratio greater than 2.50x for each financial reporting period.
Incurrence Test: Test is met if issuer has (a) Net Interest Bearing Debt to
EBITDA not greater than 4.50x and (b) Interest Coverage
Ratio greater than 3.0x for each financial reporting period.
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Other negative covenants include limitations on investments, the disposal of assets,
or issuance of debt senior to existing obligations under what is known as a negative
pledge clause. Negative covenants seek to ensure that an issuer maintains the abil-
ity to make interest and principal payments. Highly restrictive covenants may not
be in the bondholders’ best interest if they force an issuer to default when it may be
avoided. For example, strict debt restrictions may prevent an issuer from raising new
funds necessary to meet contractual obligations. Covenant violations can provide
bondholders recourse in several possible ways, including a change in financial terms,
such as an increase in a bond’s interest rate, accelerated debt payments, or termination
of the debt agreement.

QUESTION SET y

1. Explain the difference in the sources of repayment for a secured and
an unsecured corporate bond.

Solution:

The sole source of repayment for unsecured corporate bonds is typically op-
erating cash flows of the issuer, while secured corporate bonds also include
specific assets as a secondary source of debt repayment in addition to the
issuer’s operating cash flows.

2. Describe the source of repayment for asset-backed securities.
Solution:

The source of repayment for asset-backed securities are cash flows from the
group of loans or receivables owned by the special purpose issuer.

3. Match the bond covenant type in the left column with the examples in the
right column.

A. Affirmative Covenant I. Additional Debt Restriction

B. Negative Covenant II. Cross-Default Clause

III. Interest Coverage Minimum

Solution:

A. Ilis correct. A cross-default clause specifies that borrowers are con-
sidered in default if they default on another debt obligation and is an
affirmative covenant.

B. Iand III are correct. An additional debt restriction clause limits an
increase in issuer debt and is a negative covenant. An interest coverage
minimum limits the amount of leverage relative to an issuer’s operat-
ing income or EBITDA.

4. Describe the difference between affirmative and negative bond covenants.
Solution:

Affirmative covenants specify what issuers are required to do, whereas nega-
tive covenants specify what issuers are prohibited from doing.

5. Fill in the blanks. Covenant violations provide bondholders recourse in
several possible ways, including a change in terms, such as an
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increase in a bond’s interest rate or security, debt payments, or
of the debt agreement.

Solution:

Covenant violations provide bondholders recourse in several possible ways,
including a change in financial terms, such as an increase in a bond’s inter-
est rate or security, accelerated debt payments, or termination of the debt
agreement.

19
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PRACTICE PROBLEMS

The following information relates to questions
1-5

Antelas AG is a German emerging technology company focused on manufac-
turing process design. The firm has developed several valuable patents related

to micromachining and metal 3D printing technology and derives its revenue
through licensing royalties and consultation services. Antelas recently issued the
following debt instrument:

Antelas AG Four-Year Floating-Rate Notes (The “Notes”)
Prospectus Summary

Issuer: Antelas AG

Settlement Date: [T + 5 Business Days]

Maturity Date: [Four Years from Settlement Date]

Principal Amount: EUR250 million

Interest: MRR plus 250 bps p.a.

Interest Payment: Commencing three months from [Settlement Date] to be paid quar-

terly with final payment on [Maturity Date]

Seniority: The Notes are secured and unsubordinated obligations of Antelas
AG and will rank pari passu with all other secured and unsubordi-
nated indebtedness.

Business Days: Frankfurt

1. “Four years” and “MRR plus 250 bps p.a” refer, respectively, to which bond fea-
tures as of the settlement date?

A. Time to maturity and coupon rate
B. Coupon frequency and current yield

(. Time to maturity and contingency provision

2. Which of the following statements best describes the source(s) of repayment for
the Antelas AG floating-rate notes?

A. Since the notes are secured (or backed) by Antelas AG’s assets, the
floating-rate notes would be considered asset-backed securities.

B. The Antelas AG notes rely on the operating cash flows of the firm as their
sole source for interest and principal payments.

C. The Antelas AG notes rely on the operating cash flows of the firm as their
primary source for interest and principal payments.

3. Antelas AG’s issuer-specific credit spread rises by 25 bps p.a. one year after the
FRN issuance. Which of the following best describes how Antelas AG’s FRN cou-
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pon would change as a result?
A. Antelas AG’s FRN coupon payment to investors will immediately increase
by 25 bps p.a.

B. Antelas AG’s FRN coupon payment to investors will increase by 25 bps p.a.
but will not become effective until the next full debt coupon period begins.

(. Antelas AG’s FRN coupon will remain unchanged.

4. Calculate the value of Antelas’s payment to bondholders on the maturity date if
the MRR is 0.25% p.a. for the final interest period.

A. EUR1,718,750
B. EUR251,718,750

(. EUR256,875,000

5. Antelas decides to raise new secured, unsubordinated debt. Which of the follow-
ing best describes the priority of payments between the issuer’s new debt and its
existing debt?

A. Because the Antelas AG notes have a pari passu (or “equal footing”) clause,
this debt obligation will be treated the same as any other secured, unsubor-
dinated debt from this borrower.

B. Because the existing debt was issued earlier, it would receive priority over
the new debt in terms of the payment of interest and principal.

(. We do not have enough information to answer this question; the necessary
information would be provided in the indenture for new secured, unsubor-
dinated notes.
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SOLUTIONS

1. A is correct. The notes mature (the date Antelas AG will pay the final coupon and
principal amount) four years after the trade settlement date, and the coupon rate
is variable, determined by the MRR plus a fixed 250 bp spread.

2. Cis correct. Secured corporate bonds rely on the operating cash flows of the firm
as their primary source for interest and principal payments and a legal claim on
assets as a secondary source of payment.

A is incorrect because asset-backed securities (ABS) are issued by
special-purpose entities created to take ownership in loans or receivables, the
cash flows from which are used to pay interest and principal to investors.

B is incorrect because it describes unsecured, not secured, corporate debt.

3. Cis correct. For the Antelas AG FRN, the spread is fixed at 250 bps and the cou-
pon will only change with changes in the MRR.

4. Bis correct. On the maturity date, Antelas AG pays investors the final FRN cou-
pon payment plus the bond’s principal amount. The FRN coupon comprises MRR
plus the issuer-specific spread.

=  FRN coupon rate: MRR plus spread, or 0.25% + 2.50%= 2.75%

= Annual interest expense: Principal x FRN coupon, or €EUR250,000,000 x
2.75% = EUR6,875,000

= Quarterly interest expense: Annual interest expense/4, or EUR6,875,000/4
= EUR1,718,750

= Principal Amount: EUR250,000,000

= Total Payment = EUR250,000,000 + EUR1,718,750 = 251,718,750

5. Ais correct. Antelas AG’s existing secured, unsubordinated debt has a pari passu
(or “equal footing”) clause, which ensures that this debt obligation will be treated
the same as any other secured, unsubordinated debt from this borrower.

B is incorrect because the priority of payments is unrelated to the timing of
issuance.

C is incorrect because the pari passu clause ensures equal footing for similar new
debt.
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LEARNING MODULE

Fixed-Income Cash Flows and Types

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] describe common cash flow structures of fixed-income instruments
and contrast cash flow contingency provisions that benefit issuers
and investors

] describe how legal, regulatory, and tax considerations affect the
issuance and trading of fixed-income securities

INTRODUCTION

A fixed-income instrument’s cash flows are determined by its features. In this module,
we discuss common fixed-income instrument cash flow structures and their implica-
tions for issuers and investors. The module’s final lesson discusses the legal, regulatory,
and tax considerations across jurisdictions faced by fixed-income issuers and investors.

LEARNING MODULE OVERVIEW %

= In contrast to standard bullet bonds with full principal repay-
ment at maturity, amortizing bonds have a payment schedule
that involves early repayment of principal. Sinking funds and waterfall
structures represent special cases of amortizing bonds.

= Other coupon payment structures include index-linked bonds that
offer payments adjusted for changes in price indices and bonds with
step-up coupons, with coupons that increase by specific amounts in
the future based on a schedule or subject to specific provisions.

= Fixed-income contingency provisions include call, put, and conversion
features. A call feature grants an issuer the right to buy bonds back
early at a fixed price, while a put feature grants an investor the right to
sell bonds to the issuer at a fixed price prior to maturity. Convertible
bonds grant investors the right to convert the bond into shares of the
issuer’s stock at a pre-determined price.
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= Bonds can be classified as domestic, foreign, or Eurobonds. Domestic
bonds are those issued in a country by an issuer incorporated in that
same country, while foreign bonds are issued by entities incorporated
elsewhere.

=  Eurobonds are issued internationally in a currency different from that
country’s domestic currency (e.g. US dollar bonds issued in London)
and are subject to fewer listing, disclosure, and regulatory require-
ments than domestic or foreign bonds.

= Bond interest earned by an investor is usually taxed as ordinary
income, although some bonds offer tax advantages. Some countries
also apply a capital gains tax. Specific tax provisions often apply for
bonds issued at a discount or purchased at a premium.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of this learning module.

1. An investor that is more sensitive to an issuer’s credit risk than to reinvest-
ing risk would most likely invest in a:

A. bullet bond.
B. partially amortizing bond.

C. fully amortizing bond.
Solution:

C is correct. Investors receive higher near-term cash flows on amortizing
debt versus bullet bonds and face lower credit risk because the borrower’s
liability is reduced over time. However, investors also face the risk of rein-
vesting the higher near-term cash flows at prevailing market interest rates,
which can fluctuate. This effect is larger for fully amortizing bonds versus
partially amortizing bonds.

2. Match the term in the left column with its description in the right column.

A. Bullet bond I. A bond with a fixed periodic payment schedule
that reduces the bond’s outstanding principal to a
portion of the principal to be repaid on the matu-
rity date

B. Partially amortizing bond | II. A bond with a coupon rate that increases by
specified margins at one or more specified dates

C. Step-up coupon bond III. A bond that pays its face value and final interest]
payment at maturity

Solution:

A. IIlis correct. A bullet bond pays 100% of its face value plus a final
interest payment at the bond’s maturity.

B. Iis correct. A bond characterized by a fixed periodic payment sched-
ule that reduces the bond’s outstanding principal to a portion of the
principal to be repaid on the maturity date is known as a partially
amortizing bond.
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C. IIis correct. A bond with a coupon rate that increases by specified
margins at one or more specified dates is known as a step-up coupon
bond.

3. A call provision embedded in a fixed-income security:

A. is a benefit to the issuer.
B. gives the bondholder the right but not an obligation to sell the bond.

(. grants the bondholder some degree of inflation protection.
Solution:

A is correct. A call provision gives the issuer the right to redeem all or part
of the bond at a pre-determined price on specified dates. It is a benefit to the
issuer because if market interest rates fall, the issuer can replace the call-
able bond with one with a lower interest rate. It also gives the issuer added
flexibility if it has excess cash or wishes to change its capital structure in the
future.

B is incorrect. This describes a putable bond, not a callable bond. If a call-
able bond is called, the bondholder is obliged to sell it to the issuer accord-
ing to the specified terms.

Cis incorrect. A call provision does not grant the bondholder inflation pro-
tection. A call would be exercised by the issuer if interest rates fall.

4. A put provision embedded in a fixed-income security:

A. is a benefit to the bondholders.
B. leads to a lower value compared to a bullet bond.

C. increases the likelihood that its issuer will be acquired.
Solution:

A is correct. A put provision gives bondholders the right to sell the bonds
back to the issuer at a pre-determined price on specified dates. The put pro-
vision is a benefit to bondholders because it can protect them from the risk
of the price of the bond falling from, for example, rising interest rates.

B is incorrect. As put provisions are beneficial to investors, putable bonds
are priced at a premium, not a discount, relative to option-free counterparts.
C is incorrect. Put provisions can deter acquirers because the exercise of
putable bonds results in an immediate claim on cash, making the acquisition
more expensive. Issuing bonds with put provisions is a strategy employed by
some firms to deter unfriendly takeovers known as a “poison puts”

5. Match the term in the left column with its description in the right column.

A. Eurobond I. A bond issued outside the jurisdiction of any single country]

B. Global bond II. A bond issued simultaneously in the Eurobond market
and in at least one domestic bond market

Solution:

A. Iis correct. Eurobonds are issued outside the jurisdiction of any single
country, are usually unsecured, and may be denominated in any cur-
rency, including the issuer’s domestic currency.
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B. Il is correct. A global bond is a bond issued simultaneously in the
Eurobond market and in at least one domestic bond market, ensuring
sufficient demand for large bond issues and access to all fixed-income
investors regardless of location.

6. Compared to a bond with an original issue discount (OID) tax provision, an
otherwise identical bond without this provision would most likely have:

A. lower taxes due at maturity.
B. the same taxes due at maturity.

(. higher taxes due at maturity.
Solution:

Cis correct. Under the OID tax provision, the investor will recognize

a prorated portion of the OID as taxable income each year and pay no
capital gains tax upon maturity. Investors without an OID tax provision
will recognize no taxable income until maturity, upon which they will face
capital gains tax on the OID (provided there is capital gains tax in their
jurisdiction).

FIXED-INCOME CASH FLOW STRUCTURES

] describe common cash flow structures of fixed-income instruments
and contrast cash flow contingency provisions that benefit issuers
and investors

The most common bond cash flow structure is that of a standard fixed-coupon bond,
often referred to as a bullet bond. The bond issuer receives the principal at settle-
ment, makes periodic, fixed coupon payments, and repays the principal at maturity.
Most government and corporate issuers use bullet bonds as their primary means of
debt financing, and investors often prefer the associated fixed income stream and set
maturity to fund known cash flows. Exhibit 1 shows the bullet bond structure of the
five-year, USD300 million, 3.2% semiannual coupon BRWA bond introduced in the
prior module.
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Exhibit 1: BRWA Corporation Bullet Bond Cash Flows
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Some instruments, including most loans, have cash flow structures that differ from
that of the bullet bond. For example, some instruments have principal repayments
distributed over the life of the instrument. In the case of interest payments, most loans
pay periodic interest at a rate that changes as short-term market rates change, while
others change based on credit or other provisions. Finally, zero-coupon bonds are sold
at a discount with no cash flow during their life until repayment of par at maturity.
These bonds pay no periodic interest, but the difference between the discount price
and par at maturity represents a cumulative interest payment at maturity.

Amortizing Debt

Fixed-income instruments that periodically retire a portion of principal outstanding
prior to maturity offer a borrower the ability to spread payments more evenly over the
life of the instrument. Examples include commercial or residential real estate mortgage
loans. Investors receive higher near-term cash flows on this amortizing debt relative
to bullet bonds and face lower credit risk because the borrower’s liability is reduced
over time. However, investors also face the risk of reinvesting the higher cash flows at
prevailing market interest rates over the life of the instrument, which could decline.

Let us consider the opposite of the BRWA five-year bullet bond, a fully amortizing
loan for the same term and at the same interest rate. As shown in Exhibit 2, principal
amortization begins on the first interest payment date and continues through maturity.

27
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Exhibit 2: BRWA Corporation Fully Amortizing Loan Cash Flows
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Note that while the first interest payment, USD4.8, is identical to that of the bullet
bond, instead of interest-only coupons each period followed by the final coupon and
principal at maturity, investors receive a uniform USD32.7 periodic cash flow until
maturity, which in the first period includes USD27.9 of principal amortization. Over
time, the interest portion of the payment declines while the principal repayment
portion increases.

Let us assume instead that BRWA issues a bond with the same maturity and at
the same rate but repays a portion of the principal each period, with a final lump sum
payment (or balloon payment) at maturity equal to half of the principal amount.
The interest and principal payments for this partially amortizing bond are shown
in Exhibit 3.
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Exhibit 3: BRWA Corporation Partially Amortizing Bond Cash Flows
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The cash flows for the partially amortizing bond combine elements of the bullet and
fully amortizing examples. Cash flow schedules from the perspective of the investor
for the bullet bond, partially amortizing bond, and fully amortizing loan with the same
principal, maturity, and fixed coupon rate are shown in Exhibit 4.

Exhibit 4: Investor Perspective: BRWA Bond/Loan Cash Flow Summary (USD

millions)

Year Bullet Bond Partially Amortizing Bond Fully Amortizing Loan
0 -300 -300 -300
0.5 4.8 18.75 32.7
1 4.8 18.75 32.7
1.5 4.8 18.75 32.7
2 4.8 18.75 32.7
2.5 4.8 18.75 32.7
3 4.8 18.75 32.7
35 4.8 18.75 32.7
4 4.8 18.75 32.7
4.5 4.8 18.75 32.7
5 304.8 168.75 32.7

The fully amortizing loan has a level semiannual payment equal to the sum of inter-
est and principal repayment. We may calculate the periodic payment (A) as follows:

r x Principal

A= 2q e M
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where
A = Periodic payment amount
r = Market interest rate per period
Principal = Principal amount of loan or bond
N = Number of payment periods
The fully amortized BRWA bond is a five-year, 3.2% semiannual coupon bond with a

par value of USD300 million. The periodic payment is calculated as follows, in millions:

_ rx Principal
-+

r=3.2%/2 = 1.6% on a semiannual basis.
Principal = USD300 million.
N =15 x 2 =10 semiannual periods.

4 = 0.016 x USD300
1-(1.016)710 °

A =USD32.70.

Therefore, the semiannual payment is a constant USD32.70, as shown in Exhibit 2,
but the principal and interest amounts vary each period as follows:

= First semiannual interest payment: USD300 x 3.2%/2 = USD4.80.

» Initial principal repayment: USD32.7 - USD4.8 = USD27.90.

= Outstanding principal after first period: USD300 — USD27.90 = USD272.10.

The USD272.10 outstanding principal becomes the basis for the calculation of the
interest and principal payment in the second period:

= Second semiannual interest payment: USD272.10 x 3.2%/2 = USD4.35.

= Second principal repayment: USD32.70 — USD4.35 = 28.35.

= Outstanding principal after second period: USD272.10 - USD28.35 =

USD243.75.

Note that the periodic payment is constant, but over time, the interest payment
decreases while the principal repayment increases.

The partially amortized bond in Exhibit 3 with the USD150 balloon principal
payment paid at maturity combines two elements:

1. afive-year fully amortizing loan with USD150 notional and
2. a USD150 balloon payment at maturity.
The sum of the present values of these two elements is equal to the bond price

of USD300. The present value (PV) of the USD150 balloon payment is calculated as

PV of balloon payment = (I]JSO]])é)SI(z) = USD127.98.

Subtracting the present value of the balloon payment from the USD300 price of the
bond gives us USD172 in principal repayment to amortize over 10 semiannual periods
to leave a remaining principal of USD150 at maturity. Using this USD172 principal
amount, we can compute the periodic payment amount as

_0.016(USD172) _
A== e = USDITS.
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The periodic payment is USD18.75, as shown in Exhibit 3. The final semiannual
payment of USD168.75 is the sum of the final constant USD18.75 payment and the
outstanding principal amount of USD150. Since the principal amount is not fully
amortized, interest payments are higher for the partially amortized bond in each
period than for the fully amortized bond, except the first period when they are equal.

Commercial and residential mortgages are common examples of fully amortizing
loans. Mortgage borrowers usually prefer the constant cash flows of fully amortizing
loans, because they are better able to match rental or lease income in the case of
commercial borrowers or personal income for households. In the United States, these
mortgage loans often back bonds known as mortgage-backed securities with cash
flows similar to those of the loan shown in Example 1.

EXAMPLE 1

30-Year Fixed-Rate Residential Mortgage Loan

A borrower agrees to purchase a home and enters into a mortgage loan with a
financial intermediary based on the following terms:

Home price: USD500,000
Loan amount: USD400,000
Annual interest rate: 3.50%

Loan term: 360 months

Noting that the borrower’s monthly interest rate is 0.29167% (= 3.50%/12),
we can use Equation 1 to calculate the homeowner’s monthly mortgage payment
on the USD400,000 loan as follows:

~0.0029167(USD400, 000)
1 - (1.0029167)7360

= USD1,796.18.

As in the case of BRWA, we can calculate the interest and principal com-
ponents of each periodic payment, with the first five and final five monthly
payments of the 30-year mortgage shown below.

Total Monthly
Monthly Interest Monthly Principal Remaining

Month Payment Payment Payment Principal

1 USD1,796.18 USD1,166.67 USD629.51 USD399,370.49
2 USD1,796.18 USD1,164.83 USD631.35 USD398,739.14
3 USD1,796.18 USD1,162.99 USD633.19 USD398,105.95
4 USD1,796.18 USD1,161.14 USD635.04 USD397,470.91
5 USD1,796.18 USD1,159.29 USD636.89 USD396,834.03
356 USD1,796.18 USD25.97 USD1,770.21 USD7,132.63
357 USD1,796.18 USD20.80 USD1,775.38 USD5,357.26
358 USD1,796.18 USD15.63 USD1,780.55 USD3,576.70
359 USD1,796.18 USD10.43 USD1,785.75 USD1,790.96
360 USD1,796.18 USD5.22 USD1,790.96 USDO0.00
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Two additional bond amortization arrangements commonly encountered are
sinking funds, used primarily by government and some corporate issuers, and
waterfall structures, which are commonly used in asset-backed securities (ABS) and
mortgage-backed securities (MBS).

A sinking fund arrangement is used by issuers to periodically retire a bond’s prin-
cipal outstanding. The term sinking fund refers to an issuer’s plans to set aside funds
over time in an escrow account to retire the bond early based on terms agreed upon
issuance. For example, an issuer may direct the bond trustee to redeem a predetermined
principal amount selected from among investors at random. Alternatively, the issuer
may have the right to repurchase bonds prior to maturity at a predetermined fixed
price under a contingency feature addressed later in this lesson. Like amortization,
sinking funds reduce credit risk while increasing reinvestment risk due to a reduction
of principal outstanding prior to maturity.

Another structure for principal repayment is a waterfall. This approach is used to
determine the timing of cash flows to investor classes with different priority claims to
the same cash flows. In the most common form, interest or coupon payments are paid
to all classes with no preference, but the repayment of principal occurs sequentially
so that the most senior investor class with the highest ranking in the capital structure
receives principal payments first, followed by the second-highest ranked investors
once the most senior class has been fully repaid. Exhibit 5 shows a typical waterfall
structure based on the three-tranche example from the prior module.

Exhibit 5: Typical ABS Waterfall Structure

Tranche A First to receive

/ Bond Investor principal
Principal received

Asset-Backed Tranche B
Security (ABS) Bond Investor | O WhenTranche A
is fully repaid

Principal received
only when Tranches
A & B are fully repaid

Tranche C
Bond Investor

Payment shortfalls are borne by the more junior tranches since the senior tranches
are paid first, so Tranche A faces the lowest credit risk, followed by Tranches B and C.

Variable Interest Debt

Some bonds and most loans have variable interest payments, calculated using a market
reference rate (MRR) and a credit spread. Financial intermediaries, such as banks,
prefer floating-rate loan assets since they match their variable-rate liabilities, such as
deposits. Loans or floating-rate notes (FRN) are also attractive to investors seeking
to benefit from rising interest rates.

Recall that a variable-rate loan or FRN coupon consists of a periodically resetting
MRR plus an issuer-specific credit spread.

FRN coupon = MRR + Credit spread.

For example, practice problems in the prior module highlighted the four-year, EUR250
million Antelas AG FRN issued at an interest rate of MRR + 250 bps p.a. paid quar-
terly. Exhibit 6 shows the final four Antelas AG FRN cash flows, including principal
repayment at maturity similar to a fixed-rate bullet bond.



© CFA Institute. For candidate use only. Not for distribution.
Fixed-Income Cash Flow Structures

Exhibit 6: Antelas AG FRN Cash Flows

Note Principal Amount (EUR) 250,000,000

Credit Spread over MRR 2.50%

Coupon Quarterly Principal
Quarter MRR Rate Interest Payment Payment
13 -0.50% 2.00% 1,250,000
14 0.15% 2.65% 1,656,250
15 0.25% 2.75% 1,718,750
16 0.50% 3.00% 1,875,000 250,000,000

For example, in Quarter 15, the coupon rate is 2.75% (= 0.25% + 2.50%) and the quar-
terly interest payment is calculated as follows:

(2.75% x EUR250,000,000)/4 = EUR1,718,750.

Investors face less interest rate risk with variable-rate instruments because cou-
pon payments adjust with interest rates, unlike fixed-coupon bonds. However, like
fixed-coupon bonds, variable-rate instruments still have credit risk: If an issuer’s
likelihood of missing payments increases, investors will seek a higher yield as compen-
sation for lower credit quality, causing their price to fall, irrespective of any changes
in the MRR.

In addition to changing cash flows based on variations in MRR, other adjustment
mechanisms exist, which can be either predetermined or tied to an event. In the
case of predetermined adjustments, a bond coupon increases by specified margins at
specified dates. These bonds are referred to as step-up bonds and are used to protect
investors against rising rates and, in some cases, to provide an incentive for issuers
to take advantage of a contingency provision, as addressed later. An example of cash
flow changes based on an event are higher coupons in the event of a deterioration in
an issuer’s credit quality. This provides investors with greater comfort that they will
be compensated for adverse credit changes and allows less creditworthy issuers to
obtain debt financing for longer and/or at lower spreads than may be possible at a
fixed coupon. This is most common with leveraged loans, or loans to issuers of lower
credit quality. Coupon changes may also be linked to financial covenants or credit
ratings, which are sometimes used in what are referred to as credit-linked notes.

For example, say that Antelas AG experiences a decline in its credit quality as the
FRN matures. It must therefore adequately address investor credit concerns by revising
the terms of its debt. Exhibit 7 shows how Antelas might achieve this by entering a
loan agreement arranged by a bank with a credit spread that adjusts based on leverage
and interest coverage ratios.

Exhibit 7: Antelas AG Leveraged Loan Term Sheet

Antelas AG Five-Year Leveraged Loan

Term Sheet
Issuer: Antelas AG
Settlement Date: [T + 3 Business Days]
Maturity Date: [Five Years from Settlement Date]
Principal Amount: EUR250 million

Interest: MRR Plus Credit Spread
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Antelas AG Five-Year Leveraged Loan
Term Sheet

Interest Payment: Commencing three months from [Settlement Date] to be paid
quarterly with final payment on [Maturity Date]

Credit Spread: Based on Issuer’s Total Leverage Ratio (TLR) at the end of each
quarter as follows:
325 bps p.a. if TLR = 3.5x
300 bps p.a. if 3.5x > TLR > 3.0x
275 bps p.a. if 3.0x > TLR > 2.5x
250 bps p.a. if TLR < 2.5x

Seniority: The Loan is a secured, unsubordinated obligation of Antelas AG.
Debt Restriction Test: Issuer must maintain (a) Total Leverage Ratio (Net Interest
Bearing Debt to EBITDA) not greater than 5.00x and (b) Interest

Coverage Ratio greater than 2.50x for each financial reporting
period.

Antelas maintains its current credit spread only if its total leverage ratio remains
below 2.5x, with a higher spread if leverage increases. An issuer concerned about
potential cash flow problems in the future might seek to add a payment-in-kind (PIK)
feature to a loan or bond. PIK features allow an issuer to pay periodic interest in the
form of an increase in the bond or loan principal outstanding rather than as a cash
payment. This feature is most frequently used by firms with relatively high reliance
on debt financing and are usually associated with a higher interest rate to compensate
investors assuming greater principal risk.

As the following box example shows, the use of variable bond coupon provisions
is not limited to issuers with credit quality or cash flow issues.

PUBLIC POWER CORPORATION (PPC) SUSTAINABILITY-LINKED BOND

Fixed-income markets have rapidly adapted to the growing importance of
environmental, social, and governance (ESG) factors among issuers and inves-
tors. For example, green bonds are fixed-income instruments usually issued
by governments or private companies that are created to fund projects with a
positive environmental impact.

Public Power Corporation (PPC) is a publicly traded company that is 51%
owned by the Greek government and is Greece’s largest electricity utility. PPC
announced plans to close most of its coal power capacity to sharply reduce
carbon emissions, increase renewable energy production, and modernize and
partially privatize its power grid. In order to attract a broader investor base to
provide debt financing for its ambitious plans, PPC issued sustainability-linked
bonds in early 2021 based on the following terms:

Public Power Corporation Five-Year Sustainability-Linked Bonds

Key Terms
Issuer: Public Power Corporation S.A.
Settlement Date: March 18, 2021
Maturity Date: March 30, 2026
Principal Amount: EUR775 million

Interest: 3.875% p.a.
Step-Up Margin: 50 bps p.a. if a Step-Up Event occurs

Step-Up Event: Issuer fails to reduce CO, emissions by 40% by December
2022 versus 2019 base year
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Public Power Corporation Five-Year Sustainability-Linked Bonds
Key Terms

Interest Payment: Commencing 9/30/21 to be paid semiannually with final
payment on the Maturity Date

Seniority: The Notes are senior unsecured obligations of the Issuer

PPC’s sustainability-linked bonds were the first of its kind for a European
high-yield issuer. The CO,-related step-up margin feature in PPC’s bonds was
a significant factor in attracting widespread investor demand in a transaction
that exceeded the original EUR500 million planned size.

Index-linked bonds have interest and/or principal payments linked to a specified
index. Although a bond may be linked to any variable, in practice, inflation-linked
bonds (sometimes referred to as linkers) tied to a broad consumer price index are
by far the most common type of index-linked bonds. The fixed interest and principal
payments of a standard bond are nominal cash flows whose purchasing power declines
with inflation. The interest rate a bondholder receives net of inflation is the real inter-
est rate, which is approximately equal to the nominal interest rate minus the rate of
inflation. Investors often use inflation-linked bonds to protect against rising prices
by receiving inflation-adjusted cash flows. Most inflation-linked bonds are issued by
sovereign governments. Examples include Treasury Inflation-Protected Securities
(TIPS) in the United States, which address investor demand for inflation-indexed cash
flows. There is also growing demand for inflation-linked emerging market bonds due
to investor concerns over high inflation. The following example demonstrates how
TIPS cash flows are adjusted for inflation.

EXAMPLE 2

TIPS Cash Flow

An investor purchases TIPS with the following terms:

Principal amount: USD115,000,000
Semiannual coupon: 1.00% p.a.
Time to maturity: 9.5 years

Inflation protection: Based on the change in the Consumer Price Index for All
Urban Consumers: All Items in U.S. City Average, Not
Seasonally Adjusted (CPI)

If the CPI rises from 265.00 to 267.25 over the next semiannual interest
period, the next coupon payment is calculated as follows:

= Inflation adjustment: (267.25 - 265) / 265 = 0.849%.

= Inflation-adjusted principal = Principal amount x (1 + Inflation
adjustment)

= USD115,976,350 = USD115,000,000 x 1.00849.

= Annual interest expense = Coupon rate x Inflation-adjusted principal,
or

=1.00% x USD115,976,350 = USD1,159,764.
= Semiannual interest paid = USD1,159,764/2 = USD579,882.
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TIPS, which have a periodic principal adjustment based on a price index, are an
example of a capital-indexed bond. This approach protects the real value of debt
principal. Capital-indexed bonds are also issued by other sovereign governments,
including those of Australia, Canada, and the United Kingdom. Note that while defla-
tion causes the principal to decline over time, investors usually receive the greater of
the inflation-adjusted principal or par at maturity.

Unlike capital-indexed bonds, interest-indexed bonds pay a fixed nominal
principal amount at maturity. Only the coupon is index linked and pays an inflation
adjustment. These bonds are essentially an FRN in which the MRR is the rate of
inflation. Interest-indexed bonds are more commonly issued by private financial
intermediaries than by governments.

Zero-Coupon Structures

Zero-coupon bonds repay principal at maturity but have no coupon payments.
Zero-coupon bonds are often referred to as discount bonds, since they are priced
below par if interest rates are positive. An investor’s sole source of return is the differ-
ence between the price paid and the principal, which represents a cumulative interest
payment at maturity. Zero-coupon bonds are commonly issued by governments with
tenors less than 12 months. As sovereign interest rates fell to (or below) zero in the
wake of global financial crisis in 2008, zero-coupon bonds also became more common
at longer maturities. Zero-coupon bonds are also created by financial intermediaries
that sell individual interest or principal payments separated (or stripped) from sov-
ereign bullet bonds.

Zero-coupon bonds are useful for funding fixed future obligations. If interest
rates fall, a standard fixed-rate bond may fall short of meeting the obligation because
falling interest rates reduce reinvestment income (in other words, the investor’s rate
of return will fall below the original YTM because the reinvestment assumption at
the YTM does not hold). Since zero-coupon bonds require no coupon reinvestment,
investors in these bonds do not face this risk.

Deferred Coupon Structures

Deferred coupon bonds pay no interest for the first few years and have a higher
coupon paid later through maturity. Issuers of deferred coupon bonds usually seek to
conserve cash immediately following the bond issue, which may indicate lower credit
quality or that the issuer is financing a construction project that does not generate
income until completion. Similar to zero-coupon bonds, which may be considered an
extreme form of deferred coupon bond, deferred coupon bonds are typically priced at
a discount to par since the higher coupon is not usually sufficient to offset the forgone
interest in earlier periods.

Exhibit 8 summarizes the common types of cash flow structures for fixed-income
instruments.
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Exhibit 8: Fixed-Income Instrument Cash Flow Structures

- Fixed coupon rate

- Coupons are interest only

- Par value or principal paid at maturity

- Example: most long-term corporate
and government bonds

Standard, Fixed-Rate Bond
("bullet bond")

- Often uniform periodic payments,
composed of both interest and
principal

- Principal paid over life of the
instrument

- Example: mortgage loans

Amortizing Principal

- Cash flows change based on specified
market interest rate, index, inflation

Variable Interest rate, etc.

- Example: floating rate notes, most
bank loans

- Fixed 0% coupon rate
- Par value or principal paid at maturity
Zero Coupon - Typically sold at a discount

- Example: short-term government
bonds

QUESTION SET Ey

1. Compared to a bullet bond, an otherwise identical amortizing bond
would most likely have:

A. lower credit risk.

B. lower reinvestment risk.

C. lower near-term cash flows.
Solution:
A is correct. Compared to a bullet bond, an otherwise identical amortizing
bond would have early principal repayments each period instead of all prin-

cipal paid at maturity, lowering exposure to the issuers credit risk. However,
larger periodic payments increase reinvestment risk.

2. Calculate the periodic payment and the interest and principal components
of the first payment for a fully amortizing bond based on the following:
= Loan amount: USD10,000,000
= Annual interest rate: 2.75%
= Loan term: 10 semiannual periods (5 years)
Solution:
Using Equation 1:

Y= r X Principal
-+
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where
r=1.375% (= 2.75%/2)
Principal = USD10,000,000
N=10
Solve for the periodic payment (A) as follows:
(0.01375) x (10,000,000)
1-(1.01375)710

USD1,077,174 =

The initial USD1,077,174 periodic payment comprises the following:

= Initial interest payment: USD10,000,000 x 1.375% = USD137,500.

= Initial principal repayment: USD1,077,174 - USD137,500 =
USD939,674.

3. Describe how a decrease in the consumer price index would affect the next
coupon payment of a capital-indexed inflation-linked bond.

Solution:

The principal of capital-indexed inflation-linked bonds is adjusted using a
price index, with coupon payments calculated using a fixed coupon rate and
the adjusted principal. A decrease in the consumer price index (or deflation)
will cause the principal of a capital-indexed inflation-linked bond to be ad-
justed downward in the next period and result in a lower coupon payment.

4. Match the term in the left column with its description in the right column.

A. Payment-in-kind | I. Coupon is based on a market reference rate plus a

spread.
B. Floating-rate note [ II. Interest coupon may be paid by increasing the principal.
C. Step-up coupon II1. Coupon increases by specified margins at specified
dates.
Solution:

A. IIis correct. A payment-in-kind feature allows an issuer to pay a bond
or loan interest coupon by increasing principal.

B. Iis correct. A floating-rate note coupon is based on a market reference
rate plus a spread.

C. Il is correct. A step-up coupon feature involves a coupon that
increases by specified margins at specified dates.

FIXED-INCOME CONTINGENCY PROVISIONS

] describe common cash flow structures of fixed-income instruments
and contrast cash flow contingency provisions that benefit issuers
and investors

A contingency provision is a clause in a legal agreement that allows for an action if an
event or circumstance occurs. The most common contingency provisions for bonds
involve the right—but not the obligation—for an issuer or the bondholders to take
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an action specified in an indenture. These bond contingency provisions are often
referred to as embedded options because they resemble option contracts but cannot
be traded separately from the bond itself. The value of these embedded options may be
established by comparing the value of a bond with a contingency provision with that
of a bond from the same issuer without the provision. The most common bonds with
contingency provisions include callable bonds, putable bonds, and convertible bonds.

Callable Bonds

An issuer of a callable bond has the right to redeem (or “call”) all or part of the bond
prior to the specified maturity date. An issuer considering callable versus non-callable
bonds usually seeks the flexibility to refinance debt if market interest rates were to
fall. Fixed-price calls grant an issuer the right to buy back the bond at a predeter-
mined price in the future, as shown in Exhibit 9 for the Vivivyu Inc. bonds that were
introduced in the prior module.

Exhibit 9: Vivivyu (VIVU) Callable Bond Terms

6.5% Vivivyu Inc. (VIVU) Seven-Year Callable Notes (the “Notes”) Prospectus Summary

Issuer: Vivivyu Incorporated

Settlement Date: [T + 3 Business Days]

Maturity Date: [Seven Years from Settlement Date]

Principal Amount: USD400 million

Interest: 6.5% fixed coupon

Interest Payment: Starting six months from [Settlement Date] to be paid semiannu-
ally with final payment on [Maturity Date]

Seniority: The Notes are secured and unsubordinated obligations of VIVU
and rank pari passu with all other secured and unsubordinated
debt.

Call Provision: The Issuer may redeem some or all of the Notes on any Business

Day before [Maturity] starting three years after [Settlement]
based on the Call Price Schedule as a percentage of the Principal
Amount plus accrued interest.

Call Price Schedule: 103.25% [Three to Four Years after Settlement]
102.50% [Four to Five Years after Settlement]
101.75% [Five to Six Years after Settlement]
101.00% [Six to Seven Years after Settlement]

Callable bonds typically specify a period over which the call feature cannot be used,
known as a call protection period. During the call period, the period in which the
call feature may be used, a schedule specifies the call price, or fixed price payable to
bondholders if the issuer calls the bond.

For example, the VIVU bond may not be called for the first three years but during
the following year may be called at a price of USD103.25 per USD100 in par value.
VIVU has the right to call the bond during the final four years at a fixed price that
declines over time. Investors face reinvestment risk starting in year three when the bond
can be called, as well as limited bond price appreciation beyond the fixed call price.

The value of the call feature depends on the relationship between the YTM and the
coupon of the bond. If the YTM rises above the coupon rate, there is little incentive for
the issuer to use the call feature. The YTM provides an estimate of refinancing costs,
which in this case exceeds the existing coupon. Therefore, the callable bond behaves
much like a non-callable equivalent bond with respect to price movements due to
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interest rate changes. However, as a callable bond’s YTM falls below its coupon rate,
its price is effectively capped at the fixed call price, while the price of a non-callable
bond will continue to rise. Investors expect to be compensated on callable bonds with
a higher yield versus a similar non-callable bond given the uncertain maturity and
limited price appreciation, known as call risk.

Some bonds have a call feature, different from the fixed-price call, under which
the issuer compensates investors to buy bonds back known as a make-whole call.
Make-whole calls are most common among highly rated bond issues and offer issuers
greater flexibility to repurchase debt than purchases in the market. However, this pro-
vision usually requires an issuer to pay bondholders a high price based on the YTM
of a sovereign bond of similar maturity. Because this is usually well above the bond’s
current market price, make-whole calls are rarely executed and have little economic
impact on issuers or investors.

Putable Bonds

A put provision gives bondholders the right to sell the bond back to the issuer at a
pre-determined price on specified dates. The put price is usually the par value of the
bond. Putable bonds benefit bondholders by guaranteeing a pre-specified selling
price at the redemption dates. If interest rates rise after issuance and bond prices fall,
bondholders can sell or “put” the bond back to the issuer and reinvest the proceeds
at higher market interest rates. The issuer will then be forced to refinance its debt
earlier than planned at higher yields.

Since a put provision has value to bondholders, the price of a putable bond will
be above the price of an otherwise similar non-putable bond. The yield on a bond
with a put provision must therefore be lower than the yield on an otherwise similar
non-putable bond. The lower yield compensates the issuer for the value of the put
option to the investor.

If a putable bond’s YTM is less than its coupon rate (so the price is higher than
the put price), the put feature is less valuable, and the putable bond behaves like an
option-free equivalent bond with respect to interest rate changes. However, if the
putable bond’s YTM increases above its coupon rate, the put price serves as a price
floor for the bond.

Convertible Bonds

A convertible bond is a debt instrument with a contingency provision related to the
issuer’s outstanding common equity. It grants bondholders the right to exchange the
issuer’s bond for a number of its common shares in the future at an effective price
per share known as the conversion price. The conversion feature rises in value to
investors as the share price appreciates. Rather than a right to retire debt early in the
case of callable and putable bonds, if exercised, the convertible feature replaces debt
with equity.

Exhibit 10 shows a convertible bond for ZTG BioTech S.p.a., a publicly traded
Italian company.

Exhibit 10: ZTG BioTech S.p.a. Convertible Bond Terms

1.25% ZTG Biotech (ZTGB) Five-Year Convertible Notes (the “Notes”)
Term Sheet

Issuer: ZTG Biotech S.p.a.
Settlement Date: [T + 3 Business Days]
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1.25% ZTG Biotech (ZTGB) Five-Year Convertible Notes (the “Notes”)
Term Sheet

Maturity Date: Five Years from Settlement Date unless the Notes are redeemed
earlier in a Conversion

Principal Amount: EUR300 million

Interest: 1.25% fixed coupon to be paid annually starting One Year from
the Settlement Date with the final coupon paid at Maturity

Seniority: The Notes are an unsecured obligation of ZTGB and rank pari
passu with other unsecured debt

Conversion Provision: An Investor has, at its sole option, the right to convert a portion
or the full sum of the Principal Amount, or any part outstand-
ing at any time at the Conversion Price during the Conversion

Period
Current Share Price: EUR28.00 per ZTGB common equity share
Conversion Price: EUR42.00 per ZTGB common equity share
Conversion Period: Any Business Day starting One Year from the Settlement Date

through the Maturity Date

The 1.25% annual coupon on the ZTGB convertible bond is well below the YTM inves-
tors would expect for a standard ZTGB bond of the same maturity. Bondholders are
often willing to accept a yield-to-maturity that is very low (or even zero) in exchange
for conversion rights. ZTGB bond investors have the right to exchange debt for ZTGB
common stock at a price of EUR42.00 per share, which represents a 50% premium
over the current ZTGB price of EUR28.00 per share [= (42.00 — 28.00)/28.00]. The
conversion ratio represents the number of common shares a bond may be converted
into for a specific par value:

Conversion ratio = Convertible bond par value/Conversion price. 2)
For example, if the ZTGB bond is traded in EUR1,000 face value units,

= the conversion ratio is equal to EUR1,000/EUR42, or 23.81, and

= an owner of one EUR1,000 unit of the ZTGB bond has the right to redeem
the bond for 23.81 shares of ZTGB stock during the conversion period.

One way to estimate the value of the conversion feature at any time is to compare
the convertible bond’s price with its value if the bondholder were to convert the bonds
today. This conversion value is calculated as follows:

Conversion value = Conversion ratio x Current share price. 3)

For example, assume that one year from ZTGB’s issuance date, the issuer’s shares are
trading at EUR35.00. A ZTGB bondholder could therefore convert one EUR1,000 unit
to a conversion value of EUR833.35 (= 23.81 x EUR35.00). If the convertible bond is
trading at par (or a market price of EUR1,000 per unit), the investor will prefer to hold
the bond and receive interest and principal rather than convert the bond to shares. In
general, a convertible bond’s price will vary with that of the issuer’s shares. If the share
price is well below the conversion price, the convertible bond’s price will approach
that of a standard non-convertible bond. If the issuer’s share price far exceeds the
conversion price, the bond’s price will more closely track its conversion value.

The use of convertible debt is common among growth companies, which may have
limited cash flow to pay interest and repay principal but are willing to raise equity at a
higher conversion price in the future. Convertible bonds also often include additional
features, such as a call provision, allowing issuers to limit bond investor gains from
share price appreciation by redeeming bonds early.
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Some issuers may issue warrants with bonds. A warrant is an “attached,” rather
than embedded, option entitling the bondholder to buy the issuer’s stock at a fixed
exercise price until the expiration date. Warrants are used as a yield enhancement to
bond investors and are traded separately in financial markets, such as the Deutsche
Borse and the Hong Kong Stock Exchange.

Several European banks have issued a type of convertible bond called contingent
convertible bonds (CoCos), with contingent write-down provisions. While standard
convertibles will be converted when the share price increases, CoCos are converted
on the downside. This conversion is also not at the discretion of the investor but
happens automatically if a specified event occurs—for example, if the bank’s core Tier
1 capital ratio (a measure of the bank’s proportion of core equity capital available to
absorb losses) falls below a minimum regulatory requirement. If the bank experiences
losses that reduce its equity capital below the minimum regulatory capital require-
ment, CoCos convert debt into equity to increase its capital and reduce the bank’s
likelihood of default. CoCos were introduced in order to limit systemic risk, or the
risk of financial system failure. For this reason, CoCos offer investors a higher yield
than otherwise similar bonds. Note that the conversion is triggered by a specific event,
the breach of certain minimum regulatory capital requirements, and not by certain
equity or debt price levels.

QUESTION SET [ y

1. All else equal, the bond with the greatest benefit to the issuer is a
bond with:

A. no contingency provisions.
B. a fixed-price call provision.

C. a make-whole call provision.
Solution:

B is correct. Fixed-price calls grant the issuer the right to buy back the bond
at a predetermined price in the future, which is a benefit to the issuer if
interest rates fall.

A is incorrect. A bond with no contingency provisions is an option-free
bond and is not as beneficial to the issuer as a bond with a fixed-price call
provision.

Cis incorrect. A make-whole call is a contingency feature under which
issuers can buy bonds back at a price usually based on the yield-to-maturity
of a sovereign bond of similar maturity plus a predetermined spread. Make-
whole calls are rarely executed and have little economic impact on issuers or
investors.

2. Callable and putable bond prices with the same coupon rate will behave
most like an option-free equivalent bond when their YTMs are, respectively:

A. above the coupon rate and below the coupon rate.

B. below the coupon rate and above the coupon rate.

C. both near the coupon rate.
Solution:

A is correct. If a callable bond’s YTM rises above its coupon rate, the call
feature is less valuable and a callable bond behaves much like a non-call-
able bond with respect to price movements due to interest rate changes.
If a putable bond’s YTM is less than its coupon rate, the put feature is less
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valuable and the putable bond’s price behaves like an option-free equivalent
bond with respect to interest rate changes.

B is incorrect. This is the reverse of the correct relationship.

C is incorrect. If their YTMs are both near the coupon rate, both bonds will
be near their price limits where the call and put features would be exercised.
Their price changes would be lower in magnitude relative to a non-callable
bond.

3. A convertible bond will closely track its conversion value if the issuer’s share
price is:

A. below the conversion price.

B. equal to the conversion price.

C. above the conversion price.
Solution:

Cis correct. In general, a convertible bond’s price will vary with that of the
issuer’s shares. If the issuer’s share price far exceeds the conversion price,
the bond’s price will more closely track its conversion value.

A is incorrect. If the share price is well below the conversion price, the con-
vertible bond’s price will approach that of a non-convertible bond.

B is incorrect. In this case, the convertible bond would have a mix of price
properties between that of a non-convertible bond and a convertible bond.

4. Match each description in the right column with the correct bond in the left

column.
A. Convertible bond I. Conversion occurs automatically
B. Contingent convertible (CoCo) II. Conversion occurs at the discretion of
bond the investor
III. More likely to convert if share price
increases
IV. More likely to convert if share price
decreases
Solution:

A. 1II and III are correct. A standard convertible bond grants the right to
redeem a bond for an issuer’s equity, occurs at the discretion of the
investor, and is more likely if the issuer’s share price increases.

B. Iand]IV are correct. Contingent convertible (CoCo) bonds are con-
vertible on the downside and occur automatically if a specified event
occurs, such as a decline in bank capital below a regulatory minimum
level.

5. An issuer that would like to conserve near-term cash outflows would most
likely issue a:
A. putable bond.
B. callable bond.

(. convertible bond.
Solution:

C is correct. All else equal, an issuer would have the lowest interest pay-
ments on a convertible bond. Bondholders are often willing to accept a
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yield-to-maturity that is very low (or even zero) in exchange for conversion
rights. Putable bonds offer lower yields than callable bonds because the put
option is a benefit to the bondholder while the call option is a benefit to the
issuer. However, the yields on callable and putable bonds are high compared
to yields on convertibles.

LEGAL, REGULATORY, AND TAX CONSIDERATIONS

[

describe how legal, regulatory, and tax considerations affect the
issuance and trading of fixed-income securities

Fixed-income securities are subject to different legal and regulatory requirements
depending on where they are issued and traded, as well as who holds them. Based on
the jurisdictions of the issuer and the issuance, a bond can be classified as a domestic,
foreign, or Eurobond. This classification has legal, tax, and regulatory implications
for issuers and investors.

Legal and Regulatory Considerations

Bonds issued by entities incorporated in the same country are called domestic bonds,
whereas bonds issued by entities incorporated in another country are called foreign
bonds. Domestic bond markets vary widely across emerging and developed markets,
and private and public issuers borrow outside the domestic market for various rea-
sons. Corporate issuers often match the currency of their bond financing cash flows
with that of their foreign operations using foreign bonds. Emerging market sovereign
governments typically issue bonds in major foreign currencies to attract a broader set
of investors and to diversify their investor base beyond the domestic bond market. In
order to establish itself as a center for Islamic finance and attract shari’a-compliant
investors, the UK government issued a sukuk, as described below.

UK SOVEREIGN SUKUK ISSUANCE

Sukuk are fixed-income instruments developed in accordance with Islamic law or
sharia, which prohibits the payment of interest and financing of non-shari’a-com-
pliant sectors, such as alcohol or gambling. Instead of periodic interest, sukuk
pay investors a periodic rental cash flow (or profit rate) from underlying assets,
against which the investment company issuing the securities has an ownership
claim for the life of the security.

Sukuk issuers were historically concentrated in predominately Muslim coun-
tries, including supranational entities, such as the Islamic Development Bank;
sovereign issuers, including the Republic of Turkey; and corporate issuers, such
as Saudi Aramco. In 2014, the United Kingdom became the first sovereign sukuk
issuer outside the Muslim world with a GBP200 million, five-year sukuk issu-
ance listed on the London Stock Exchange. These British pound—denominated
sukuk were issued at a profit rate equivalent to the yield-to-maturity on a UK
government benchmark security with a similar maturity, and the sukuk were
backed by assets directly owned by the UK central government.
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In smaller emerging markets with less financial intermediation (frontier markets),
domestic bond issuance in frontier markets usually comprises domestic sovereign bonds
and bonds of local financial intermediaries, such as banks. Corporate debt financing
usually takes the form of a bank loan in these markets, and investors are limited to
indirect fixed-income exposure to corporate issuers via bank bond purchases. Frontier
market sovereign governments access local bond markets and use international bond
markets to fund external debt in foreign currencies. For example, Romania’s domestic
bond market, denominated in the Romanian leu (RON), is limited in scope, while
the Romanian government often issues debt in international bond markets. More
established domestic bond markets in emerging markets may include state-owned or
state-controlled enterprises and producers operating in a dominant domestic industry,
such as basic commodities. Since many emerging market bonds are denominated in a
restricted domestic currency with varying degrees of liquidity, the sovereign govern-
ment and a select few domestic issuers may issue bonds in a major foreign currency,
such as US dollars or euros. Developed market bond markets in major currencies,
in contrast, reflect a high degree of both financial intermediation and specialization,
attracting issuers from other jurisdictions and investors seeking returns in liquid
markets denominated in freely floating currencies. Multinational corporate issuers
may access several domestic bond markets to meet their funding needs. Recall the
earlier example of BRWA Corporation’s five-year US dollar fixed-rate bonds. Since
BRWA is a US-based corporation issuing bonds denominated in US dollars in the
United States, these bonds are considered domestic. If BRWA or a foreign subsidiary
were to issue euro-denominated bonds in Germany or yuan-denominated bonds in
China, these bonds would be considered foreign.

The Eurobond market was created in the 1960s primarily to bypass the legal,
regulatory, and tax constraints imposed on bond issuers and investors, particularly
in the United States. Bonds issued and traded in this cross-border market are called
Eurobonds, and they are usually named for the currency in which they are denom-
inated, such as Eurodollar and Euroyen bonds, or euro-denominated Eurobonds for
the euro.

Eurobonds are issued outside the jurisdiction of any single country, are usually
unsecured, and may be denominated in any currency, including the issuer’s domestic
currency. They are usually underwritten by a group of financial intermediaries from
different jurisdictions and mostly sold to investors in Europe, the Middle East, and
Asia. Eurobonds denominated in US dollars cannot be sold to US investors at the
time of issue because they are not registered with the US Securities and Exchange
Commission (SEC), with an exception for large qualified institutional investors. In
the past, Eurobonds typically were bearer bonds, meaning that the trustee did not
keep records of who owned the bonds; only the clearing system knew who the bond
owners were. Eurobonds, domestic bonds, and foreign bonds are now registered
bonds for which ownership is recorded by either name or serial number.

A global bond is a bond issued simultaneously in the Eurobond market and in
at least one domestic bond market, ensuring sufficient demand and access to all
fixed-income investors regardless of location. For example, the World Bank is a regular
issuer of global bonds. Many market participants refer to foreign bonds, Eurobonds,
and global bonds as international bonds, as opposed to domestic bonds.

For example, Exhibit 11 shows the terms of Romania’s first ever 30-year
euro-denominated bond issued in 2019.
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Exhibit 11: 2019 Romanian EUR1.95 Billion, 30-Year Issuance

4.625% Romania Ministry of Finance Bonds
Brief Summary of Terms

Issuer: Romania (Ministry of Finance)
April 3, 2019

April 3, 2049

EURL1.95 billion

Settlement Date:
Maturity Date:

Principal Amount:

Interest: 4.625% fixed annual coupon

Issuance Price: 99.488

Issuance Spread: 411.4 bps versus 1.25% Federal Republic of Germany bond
maturing 8/15/48

Issuance and Trading: Eurobond

US Private Placement under Rule 144A

DTC/Euroclear/Clearstream
Seniority: Senior Unsecured

Exchanges: Luxembourg

Note that the Romanian sovereign bonds were available to both Eurobond investors
and investors in the United States under a private placement provision (Rule 144A)
that limits bond sales to certain qualified investors. The bond was priced at a 4.11%
spread over a German sovereign benchmark.

Cross-border issuance of public debt is not limited to sovereign governments. Many
federal agencies, as well as state and local governments, seek fixed-income investors
in foreign currencies and/or jurisdictions. For example, PT Indonesia Infrastructure
Finance (IIF) is a quasi-government entity established by the Republic of Indonesia
along with the World Bank and other multilateral institutions to provide infrastructure
financing and advisory in Indonesia. IIF issued US dollar-denominated Eurobonds
as outlined in Exhibit 12.

Exhibit 12: lIF US Dollar-Denominated Bonds

1.50% PT Indonesia Infrastructure Finance (lIF)
Brief Summary of Terms

Issuer:

Settlement Date:
Maturity Date:
Principal Amount:
Interest:

Issuance Price:
Issuance Spread:
Issuance and Trading:

Use of Proceeds:

Seniority:

Exchanges:

PT Indonesia Infrastructure Finance

[T + Five Business Days]

Five Years from Settlement Date

USD150 million

1.50% fixed semiannual

98.808

+129 bps versus current 5-year US Treasury Note
Eurobond (Medium Term Note)

Notes are sustainable in accordance with IIF’s sustainable
finance framework (ICMA compliant)

Senior Unsecured

Singapore
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Domestic bonds, foreign bonds, Eurobonds, and global bonds are subject to different
legal, regulatory, and tax requirements in different jurisdictions. They also have differ-
ent interest payment frequencies and calculation methods affecting bond cash flows
and prices. Note, however, that the currency in which a bond is denominated has a
stronger effect on its price than where the bond is issued or traded. This is because
market interest rates have a strong influence on a bond’s price, and the market interest
rates that affect a bond are those associated with the currency in which the bond is
denominated. For example, while IIF was able to issue five-year US dollar debt with a
1.50% coupon, its domestic Indonesian rupiah—denominated bonds of a similar tenor
had a 6.97% yield-to-maturity.

Tax Considerations

The tax treatment of fixed-income securities is an important consideration for both
issuers and investors. For corporate issuers weighing the relative cost of debt and equity
capital, the tax deductibility of interest expense is an important factor in financing
decisions, as discussed in an earlier module on corporate issuers. For investors, bond
interest income is usually taxed at the ordinary income tax rate, which is typically the
same tax rate that an individual would pay on wage or salary income.

Tax treatment for investors who purchase specific types of government bonds
may also vary by jurisdiction. For example, UK citizens pay income tax on accrued
and paid interest income but are exempt from capital gains tax arising when a bond is
sold above its original purchase price. In the United States, investors in US Treasuries
pay federal income tax on interest income but are exempt from state and local tax,
while investors in US state and local government bonds (known as municipal bonds)
are often exempt from federal income tax and from the income tax of the state in
which the bonds are issued, thereby encouraging investors to purchase state and local
bonds where they reside. The tax status of bond income may also depend on where
the bond is issued and traded. For example, some domestic bonds pay their interest
net of income tax. Other bonds, including some Eurobonds, make gross interest
payments (i.e., no withholding), which may give some investors greater flexibility as
to how and where they pay taxes on this interest income.

In addition to earnings from interest, a bond investment will generate a capital gain
or loss if sold prior to maturity at a price different from the purchase price. Capital
gains or losses usually face different tax treatment from taxable income, which often
varies for long-term and short-term capital gains. For example, capital gains recog-
nized over a year after the original bond purchase may be taxed at a lower long-term
capital gains tax rate, whereas capital gains recognized within a year of bond purchase
may be taxed as a short-term capital gain that equals the ordinary income tax rate.
Exceptions exist, and not all countries have a separate capital gains tax or a distinction
by holding period.

For bonds such as zero-coupon bonds issued at a discount, the tax status of the
original issue discount (OID) is an additional tax consideration that varies by coun-
try. The OID is the difference between the par value and the original issue price. For
example, the United States includes a prorated portion of the discount in interest
income every tax year, while Japan does not. The following example illustrates the
difference in tax treatment using a zero-coupon bond.
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EXAMPLE 3

Zero-Coupon Bond Tax Treatment

Assume both a US-based investor and an investor based in a tax jurisdiction
without an original discount tax provision purchase an identical zero-coupon
US Treasury security based on the following terms:

= Principal amount: USD25,000,000
= Time to maturity: 5 years
= Issuance price: USD92.83 (per USD100 par value)

The original issue discount may be calculated as follows:
Original issue discount = Bond par value — Issuance price.

USD1,792,500 = USD25,000,000 - (0.9283 x USD25,000,000).

The USD1,792,500 original issue discount represents the interest that will
accrue to both investors over five years. Under the original issue discount tax
provision in the United States, the US-based investor will recognize a prorated
portion of the USD1,792,500 OID as taxable income each year and pay no capital
gains tax upon maturity. The non-US investor without an OID tax provision
will recognize no taxable income until maturity, upon which it will face capital
gains tax on the OID (provided there is capital gains tax in their jurisdiction).

Similarly, some jurisdictions also have tax provisions for bonds purchased at a
premium. They may allow investors to deduct a prorated portion of the amount paid in
excess of the bond’s par value from their taxable income every tax year until maturity.
This deduction may be a choice rather than a requirement, with an investor able to
decide whether to deduct a prorated portion of the premium each year or to deduct
nothing and declare a capital loss when the bond is redeemed at maturity.

QUESTION SET [ f

1. Identify the following statement as true or false: A bond’s coupon
payment is most likely to be taxed as ordinary income.

Solution:

True. Bond interest is usually taxed at the ordinary income tax rate, which
is typically the same tax rate that an individual would pay on wage or salary
income.
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2. Match the bond type in the left column to its correct description in the right
column.

A. Foreign bond I. Bonds issued outside the jurisdiction of any single country

B. Eurobond II. Bonds issued by entities that are incorporated in that
country

C. Domestic bond | III. Bonds sold in a country and denominated in that country’s
currency by an entity from another country

Solution:

A. 1II is correct. Bonds sold in a country and denominated in that coun-
try’s currency by an entity from another country are known as foreign
bonds.

B. Iis correct. Bonds issued outside the jurisdiction of any single country
are known as Eurobonds.

C. IIis correct. Bonds issued by entities that are incorporated in that
country are known as domestic bonds.

3. Fill in the blanks. An unregulated bond issued in domestic currency outside

the issuer’s national borders is known as a . A bond issued
simultaneously in the Eurobond market and in at least one domestic bond
market is known as a bond.

Solution:

An unregulated bond issued in domestic currency outside the issuer’s na-
tional borders is known as a Eurobond. A bond issued simultaneously in the
Eurobond market and in at least one domestic bond market is known as a
global bond.

4. Match the tax provision in the left column with the correct tax treatment in
the right column.

A. Original issue discount (OID) tax I. Pay tax on interest income each year
provision

B. No original issue discount tax II. Do not pay tax on interest income
provision each year

II1. Pay capital gains tax at maturity

IV. Do not pay capital gains tax at
maturity

Solution:

A. Iand IV are correct. Investors who face an original issue discount tax
provision and purchase bonds issued at a discount must recognize a
prorated portion of the OID in taxable income each year and pay no
capital gains tax upon maturity.

B. II and III are correct. Investors in bonds issued at a discount who do
not face an OID tax provision will recognize no interest income until
maturity, when they face capital gains tax on the OID.
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5. A bond issued by a South African company denominated in British pounds
sold exclusively to investors who are legally domiciled in the United King-
dom would most likely be classified as:

A. foreign.

B. domestic.

(. aEurobond.

Solution:
A is correct. Bonds sold in a country (United Kingdom) and denominated in
that country’s currency (British pounds) by an entity from another country
(South Africa) are referred to as foreign bonds.

6. A domestic corporate issuer seeking to finance operations in a foreign mar-
ket would most likely issue:

A. foreign bonds.
B. domestic bonds.

C. Treasury bonds.
Solution:

A is correct. Corporate issuers often match the currency of their bond fi-
nancing cash flows with that of their foreign operations using foreign bonds.
B is incorrect. The use of domestic bonds would not match the currency

of the issuer’s foreign operations. A second possibility would be to issue a
domestic bond and then use a swap to obtain the desired foreign currency
exposure. However, this method is beyond the scope of this lesson and will
be introduced later.

C is incorrect. Treasury bonds are issued by sovereign issuers.
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PRACTICE PROBLEMS

The following information relates to questions

1-5

Digistrype Logistics (DILO) is a Canadian firm that generates a large portion of
revenue in Europe. To finance its planned expansion into digital logistics, DILO is
seeking to issue euro-denominated bonds to institutional investors in Germany.
A term sheet for the proposed bond issue is presented below.

1.25% Digistrype Logistics (DILO) Seven-Year Convertible Notes (the “Notes”)

Term Sheet

Issuer:
Settlement Date:
Maturity Date:

Principal Amount:
Unit Size:

Interest:

Seniority:

Conversion Provision:

Current Share Price:
Conversion Price:

Conversion Period:

Digistrype Logistics Inc.
[T + 3 Business Days]

Seven Years from Settlement Date unless the Notes are redeemed
earlier in a Conversion

EUR250 million
EUR1,000 per bond

3.25% fixed coupon to be paid annually starting one Year from the
Settlement Date with the final coupon paid at Maturity

The Notes are an unsecured obligation of DILO and rank pari
passu with other unsecured debt.

An Investor has, at its sole option, the right to convert a portion
or the full sum of the Principal Amount, or any part outstanding
at any time at the Conversion Price during the Conversion Period.

EUR60.00 per DILO common equity share
EUR75.00 per DILO common equity share

Any Business Day starting from the Settlement Date through the
Maturity Date

Institutional investors have expressed concern about increased credit risk due

to Digistrype’s planned expansion outside of its core business. Digistrype’s CFO
would prefer to fund the expansion using debt, despite an expectation of lower
market interest rates in the next few years. The CFO is also considering removing
the conversion feature because of a concern about the possible share dilution if
the bonds are converted to equity and a belief that DILO shares are significantly

undervalued.

1. Which of the following statements best describes the type of bonds to be issued
given the issuer’s country and where the bonds will be issued and traded?

A. Since Digistrype is planning to issue and sell euro-denominated bonds, its
bonds would be considered Eurobonds.

B. Since Digistrype is planning to issue and sell euro-denominated bonds to
investors in Germany, its bonds would be considered foreign bonds.

(. Since Digistrype is planning to issue and sell bonds to domestic investors in
Germany, its bonds would be considered domestic bonds.
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2. Which of the following modifications could Digistrype incorporate to best miti-
gate the investors’ credit concerns?

A. Digistrype could consider deferred debt coupons and/or principal payments.
B. Digistrype could consider adding a call provision to its new debt.

C. Digistrype could consider accelerating principal repayment or linking debt
coupon changes to financial covenants.

3. Which of the following is the best contingency feature Digistrype could add to
mitigate its own concerns regarding lower interest rates?

A. Add a call provision to the proposed new debt.
B. Add a put provision to the proposed new debt.

(. Add a step-up coupon to the proposed new debt.

4. If DILO’s share price on the Frankfurt Stock Exchange were to rise to EUR75, the
bond’s conversion value would be:

A. EURI1,000.
B. EUR15,000.

(. EUR?75,000.

5. Which of the following statements best describes the implications of removing
the conversion feature from the bond?

A. Removal of the conversion feature would likely result in a higher coupon.
B. Removal of the conversion feature would likely increase the bond price.

C. Removal of the conversion feature would likely reduce credit risk.
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SOLUTIONS

1. Bis correct. Digistrype, a Canadian firm, is planning to issue and sell
euro-denominated bonds to investors in Germany. Bonds issued by entities that
are incorporated in another country are called foreign bonds.

A is incorrect because Eurobonds are cross-border bonds that are not necessarily
denominated in euros.

C is incorrect because domestic bonds refer to a domestic issuer, not investor.

2. Cis correct. Principal repayment acceleration, such as full amortization, partial
principal amortization, or a sinking fund arrangement, is a way to reduce credit
risk. Alternatively, Digistrype could incorporate debt coupon changes linked to
financial covenants and/or credit ratings in order to address investor concerns.

A is incorrect because it would delay rather than accelerate repayment.
B is incorrect because a call provision does not address credit concerns.

3. Ais correct. A call provision gives Digistrype the right to redeem all or part of
the bond prior to maturity if interest rates decline, so new debt could be issued at
a lower cost.

B is incorrect because a put provision grants investors, not issuers, the right to
redeem debt prior to maturity but would not be exercised if interest rates fell,
because a put provision is intended to limit investor’s downside, not upside.

C is incorrect; a step-up coupon is not a contingency provision.

4. A is correct. The conversion value of a bond equals its par value if the current
share price and conversion price are equal.

Conversion ratio = Convertible bond par value/Conversion price.
We know that

Conversion value = Conversion ratio x Current share price.

Or, after rearranging,

Conversion ratio = Conversion value/Current share price,

which can be substituted into the lefthand side of the first equation:

Conversion value/Current share price

= Convertible bond par value/Conversion price.

If Current share price = Conversion price, then Conversion value

= Convertible bond par value.

5. A is correct. Because the conversion provision is valuable to bondholders, the
convertible bond price is higher than the price of an otherwise similar bond
without the conversion provision. Similarly, the yield on a convertible bond is
lower than the yield on an otherwise similar non-convertible bond. Thus, should
the Digistrype team elect to remove the conversion feature, it would likely have
to increase the bond’s coupon rate in order to attract investors.

B is incorrect because removal of the conversion feature would decrease, not
increase, the bond price.

Cis incorrect because removal of the conversion feature would not change the
credit risk.
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LEARNING MODULE

Fixed-Income Issuance and Trading

LEARNING OUTCOMES

Mastery | The candidate should be able to:
] describe fixed-income market segments and their issuer and investor
participants
] describe types of fixed-income indexes
] compare primary and secondary fixed-income markets to equity
markets

INTRODUCTION

Fixed-income instruments and markets are often categorized by issuer type, credit
quality, time to maturity, and, sometimes, additional features, such as currency, geog-
raphy, and environmental, social, and governance (ESG) characteristics. Fixed-income
indexes are categorized in a similar manner and serve important functions, like the role
of equity market indexes in stock markets. Like other financial markets, fixed-income
markets are composed of primary markets in which issuers raise financing from
investors with new issues and secondary markets where investors trade existing
instruments with other investors. Given bonds’ finite maturities and other features,
there are important distinctions in fixed-income markets from the primary and sec-
ondary markets for equities.

LEARNING MODULE OVERVIEW %

» Fixed-income instruments and markets are typically catego-
rized along three dimensions: issuer type (i.e., sector), credit
quality, and time to maturity.

= Fixed-income investors have corresponding positions along the credit
and maturity spectrum as they seek exposures to certain risks and
attempt to match the cash flows of known future obligations.

= Similar to equity market indexes, fixed-income indexes track the
returns of groups of securities that meet their inclusion criteria.
Indexes are used to evaluate market performance, benchmark the per-
formance of investments and investment managers, and form the basis
of indexed investment strategies.




© CFA Institute. For candidate use only. Not for distribution.
56 Learning Module 3 Fixed-Income Issuance and Trading

= Fixed-income indexes can be classified as broad-based, aggregate
indexes with a vast number of constituents or narrower indexes
that focus on criteria such as issuer type, credit quality, and time to
maturity.

= Primary bond markets are markets in which an issuer sells a new bond

or bonds to investors to raise financing, whereas secondary bond mar-
kets are markets in which existing bonds are traded among investors.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of this learning module.

1. Discuss two ways that an investor could seek to increase her expected return
on a fixed-income portfolio.
Solution:

Investors could increase credit risk with instruments with lower credit rat-
ings. Second, provided that the yield curve is upward sloping, investors may
also increase expected returns with longer-term bonds.

2. Which of the following statements about fixed-income and equity indexes is
correct?

A. There is more turnover in equity indexes than in fixed-income indexes.

B. Fixed-income indexes often have more constituent securities than
equity indexes.

(. Fixed-income index constituents are typically equally weighted, while
equity index constituents are typically weighted by issuers’ market
capitalization.

Solution:

B is correct. Fixed-income indexes often have more constituent securities
than equity indexes because issuers tend to have many types of instru-
ments outstanding, and governments issue large amounts of fixed-income
securities but not equity securities. The finite maturity of bonds and the
higher frequency of new issuance lead to far more turnover in fixed-income
indexes than in equity indexes. Fixed-income index constituents are usually
weighted by market value of debt outstanding, whereas equity indexes are
weighted by issuers’ market capitalizations.

3. The Bloomberg Barclays Global Aggregate Index includes:

A. all issuer sizes.
B. issuers in multiple currencies.

(. high-yield and unrated issuers.
Solution:

B is correct. The Bloomberg Barclays Global Aggregate Index includes
fixed-coupon capital market securities from all major issuer types in 28
developed and emerging markets that meet the inclusion criteria. However,
the index excludes high-yield and unrated debt instruments and those that
do not meet minimum issuance size.
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4. A debut issuer seeking to sell its bonds only to a select group of investors
will most likely undertake a:

A. public offering.
B. shelf registration.

C. private placement.
Solution:

C is correct. Bonds can be sold via a private placement, in which only a
select group of investors or a single investor purchases the bonds. Bonds can
also be sold in a public offering in which any member of the public may buy
the bonds. Frequent bond issuers use a shelf registration, which is updated
regularly and may be used for a range of future bond issuances.

5. A frequent bond issuer that seeks flexibility to issue bonds opportunistically
when market conditions are favorable would most likely use a:

A. reopening.
B. shelf offering.

C. private placement.
Solution:

B is correct. Frequent issuers of bonds have ready access to the bond market
and often choose issuance timing on an opportunistic basis, when market
conditions are most favorable. Frequent bond issuers use a shelf registration
or a broad, all-encompassing offering circular that is updated regularly and
may be used for a range of future bond issuances. A less common strategy

is to increase the size of an existing bond with a price significantly different
from par, which is referred to as the reopening of an existing bond. In a
private placement, only a selected investor or group of investors may buy
the bonds.

FIXED-INCOME SEGMENTS, ISSUERS, AND
INVESTORS

] describe fixed-income market segments and their issuer and investor
participants

Fixed-income instruments and markets are typically categorized along three dimen-
sions: issuer type (often known as sector), credit quality, and time to maturity.
Sometimes, instruments and markets are additionally classified by issuers’ geography;,
currency, and ESG characteristics.

In contrast to equities, where issuers typically issue just one or two instruments,
issuers often have many fixed-income instruments outstanding. For example, a cor-
porate issuer may have loans or both loans and bonds, either on a short-term basis
to finance working capital or a long-term basis for capital investment. Some large
companies also issue commercial paper, a type of short-term bond to finance work-
ing capital needs that can be collateralized by specific assets. These debt instruments
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may be in varying currencies to hedge exposures and broaden access to investors. For
example, at the end of 2021, Apple Inc. had over 80 fixed-income instruments but a
single equity instrument (common stock) outstanding.

Exhibit 1 illustrates typical issuers and instrument types across credit and
time-to-maturity segments.

Exhibit 1: Issuers across the Credit and Maturity Spectrums: Issuers and

Instrument Types

w Yearsto
Maturity
(1y 1y-10y )10y
Short-Term Intermediate-Term Long-Term
Rizifsrlg:z” Treasury bills Treasury notes Treasury bonds
Repo Unsecured Unsecured
Investment Commercial Corporate Corporate
Grade Paper bonds bonds
ABCP ABS MBS
Secured
) Corporate
High bonds
Yield
Leveraged
loans
Y
Credit
Quality

Note: ABCP is asset-backed commercial paper.

Fixed-income investors have corresponding positions along the credit and maturity
spectrums as they seek to gain exposures to certain risks and to match the cash flows
of known future obligations. Near-term obligations and the desire for liquid cash
alternatives are often met with money market securities, while investors may assume
greater interest rate risk with long-term bonds to meet obligations further in the
future or pursue higher expected returns. Pension funds and insurance companies
with long investment time horizons favor fixed-income instruments with fixed peri-
odic coupon cash flows and a maturity profile that matches their long-term liabilities.
Additionally, investors may take credit risk at any point on the maturity spectrum to
augment returns. Exhibit 2 illustrates common investor positions across the credit
and maturity spectrums.
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Exhibit 2: Investors across the Credit and Maturity Spectrums: Investors

« Yearsto
” Maturity
(ly 1y-10y Y10y
Short-Term Intermediate-Term Long-Term
“Default <«—— Financial intermediaries —»
efau
Risk Free” <«—— Central banks —>» T
Money market Pension funds
funds
Insurance
companies
Investment Corporate Bond funds and
Grade issuers ETFs l
Asset-managers
High Hedge funds
Yield
Distressed debt
Y funds
Credit
Quality

A common measure of credit quality is a credit rating. Credit ratings are letter-grade,
qualitative measures of an issuer’s ability to meet its debt obligations based on both the
probability of default and the expected loss under a default scenario. Credit ratings are
given and maintained by credit rating agencies for both short-term and long-term
debt and for issuers and specific bond issues. Two of the largest credit rating agencies
are Standard & Poor’s (S&P) and Moody’s. Many investors are restricted to instruments
with credit ratings, with a limited percentage of their portfolio invested in unrated
instruments. Credit risk and credit ratings will be discussed in detail in later lessons.

S&P CREDIT RATINGS

S&P ratings range from AAA for the highest credit quality to D for default, with
ratings in descending order of credit quality as follows:

Investment Grade AAA Extremely strong capacity to meet financial
commitments; highest rating
AA Very strong capacity to meet financial
commitments
A Strong capacity to meet financial commitments

but somewhat susceptible to adverse economic
conditions and changes in circumstances

BBB Adequate capacity to meet financial commit-
ments but more subject to adverse economic
conditions

BBB- Considered lowest investment grade by market
participants

Speculative Grade or BB+ Considered highest speculative grade by mar-

High Yield ket participants
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BB Less vulnerable in the near term but faces
major ongoing uncertainties to adverse busi-
ness, financial, and economic conditions

B More vulnerable to adverse business, financial,
and economic conditions but currently has the
capacity to meet financial commitments

CCC Currently vulnerable and dependent on
favorable business, financial, and economic
conditions to meet financial commitments

CcC Highly vulnerable; default has not yet occurred
but is expected to be a virtual certainty

C Currently highly vulnerable to non-payment,
and ultimate recovery is expected to be lower
than that of higher-rated obligations

D Payment default on a financial commitment or
breach of an imputed promise; also used when
a bankruptcy petition has been filed or similar
action taken

Source: S&P Global Ratings.

Developed market (DM) sovereign issuers usually represent the most cred-
itworthy borrowers within a market and often carry a AAA rating. Because
investors often assume they will receive all promised interest and principal
payments on DM sovereign bonds, they comprise the “default risk free” category
in Exhibit 1.

Issuers rated BBB- (Baa3 on Moody’s scale) or higher are considered investment
grade. Issuers rated BB+ (Bal on Moody’s scale) or lower are referred to as high yield,
speculative grade, or junk. High-yield issuers include new issuers for which investors
are more likely to require collateral due to less stable operating cash flows, as well
as formerly investment-grade issuers whose credit quality has deteriorated since the
time of issuance (known as “fallen angels”).

The participation of issuers and investors in heterogeneous fixed-income markets
is illustrated in the following examples.

EXAMPLE 1

BRWA Corporation Debt Profile

Debt
Outstanding/

Availability 0.12% BRWA
> 150-day
Commercial Paper
Unsecured
364 Day
— Facility Unsecured G 3.2% BRIA
B 3year > Five-Year
Revolving Notes
— Credit
] Facility
3.95% BRWA
] Fifteen-Year
| Notes
Years to
T [ Maturity
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BRWaA is an example of an investment-grade corporate issuer with ready access
to unsecured debt across maturities and markets as well as in different currencies
either directly or through its affiliates. It uses commercial paper to meet its short-
term or seasonal working capital needs, intermediate-term debt to cover more
permanent working capital or medium-term investments, and long-term debt to
match the longer useful life of capital investments, such as new manufacturing
equipment or factories. BRWA pays a fee to a group (or syndicate) of banks
for two credit facilities, which are loan agreements with pre-specified terms
and limits but with fluctuating balances based on borrower-specific needs at
different points in time, analogous to a credit card. The first is a 364-day facility
which backs the commercial paper program, and the second is a longer-term
revolving credit facility.

The combination of domestic and cross-border operating, financing, and leasing
activities in Example 1 leads many of BRWA'’s real-world industry peers to have hun-
dreds of unique debt instruments outstanding across all affiliates. We may contrast
the BRWA example with VIVU, the digital media company introduced in an earlier
module that has fewer fixed assets, less stable operating cash flows, and, therefore,
limited access to fixed-income markets.

EXAMPLE 2

VIVU Fixed-Income Issuance

Debt
Outstanding/

Availability
Secured
2-year
| FCre(Ij\t 6.5% VIVU
acility > Seven-Year
] Callable Notes
] Term
— Loan A
Secured
] Working
] Capital
Facility
I Years to
[ I I Maturity
1 2 5 10 30

VIVU is an example of a high-yield corporate issuer that has limited access to
secured debt across shorter maturities. VIVU has no access to the unsecured
commercial paper market but, rather, relies on partially drawn secured working
capital and credit facilities from banks to meet its short-term needs. VIVU has
a fully drawn loan (Term Loan A) that has a floating-rate coupon equal to MRR
plus a fixed credit spread. VIVU also has seven-year callable notes outstanding
under which it has the right to redeem the notes at a fixed price starting three
years from issuance.

Sovereign government issuers typically have the lowest credit risk (highest credit
rating) in each market, due to sovereign governments’ right to tax economic activity.
Developed market sovereign bonds are often widely held by both foreign investors
and foreign central banks seeking to hold reserves in the developed market’s currency
in the form of an interest-bearing asset. Sovereign bonds also serve important func-
tions in the domestic financial system. Central banks often use domestic sovereign
bonds to conduct monetary policy, borrowing or lending these securities to increase
or decrease monetary reserves.
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Investment-grade bond investors expect more stable cash flows, and defaults
among investment-grade issuers are relatively rare. Expected returns are therefore
lower than those for high-yield bonds and usually comparable or modestly higher than
those of sovereign bonds. High-yield investors expect greater return for assuming a
higher probability of default and often compare returns to those of equity investments.

EXAMPLE 3

Baywhite Financial’s Bond Funds

Baywhite Financial manages its Core Bond Fund with the objectives of long-
run capital appreciation with a relatively low tolerance for credit risk. The fund
invests in investment-grade intermediate- and long-term bonds, including
BRWA’s 5- and 15-year notes. The composition of the fund’s holdings, which
include 3,601 positions, is as follows:

Baywhite Core Bond Fund Holdings by Credit Rating

Not Rated
9%

BBB
19%

AAA
55%

13%

AA
4%

Baywhite Core Bond Fund Holdings by Issuer Type

Other Asset
Backed Securities

16% '

Sovereign
28%

Mortgage
Backed Securities
23%

Corporate
33%

Baywhite Core Bond Fund Holdings by Time to Maturity
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23%

19%
16%
13%
1%
J ] ]
1 1-3 3-5 5-7 7-10

10-20 20-30

Years to Maturity
Baywhite also manages the Short-Term Bond Fund as a liquid cash alterna-
tive for investors, and it takes minimal credit and interest rate risk by investing
in investment-grade, short-term bonds, such as BRWA’s commercial paper.
The composition of the Short-Term Bond Fund’s holdings, which include 451
positions, is as follows:

Baywhite Short-Term Bond Fund Holdings by Credit Rating

Not Rated
3%

AAA
30%

AA
8%
A

25%
Baywhite Short-Term Bond Fund Holdings by Issuer Type

BBB
34%

Other Asset

Backed Securities Sovereign
13% 13%

Mortgage
Backed Securities
18%

Corporate
56%

Baywhite Short-Term Bond Fund Holdings by Time to Maturity
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A%
2% 0% 0% 0% 0%
I
<1 1-3 3-5 5-7 7-10 10-20 20-30

Years to Maturity

Neither of these funds would invest in VIVU’s seven-year callable notes,
because both are restricted to owning investment-grade debt.

QUESTION SET [f

1. A fixed-income mutual fund that is required to invest in only invest-
ment-grade bonds would most likely invest in:
A. B rated bonds.
B. BB+ rated bonds.

C. BBB- rated bonds.
Solution:

C is correct. Both B and BB+ rated bonds are considered high-yield bonds.
A BBB- rated bond is considered the lowest investment-grade bond.

2. New issuers for which investors are likely to require collateral due to more
volatile operating cash flows are best categorized as:

A. fallen angels.

B. high-yield issuers.

(. investment-grade issuers.
Solution:

B is correct. High-yield issuers (not investment-grade issuers) include new
issuers for which investors are more likely to require collateral due to less
stable operating cash flows. Investment-grade issuers whose credit quality
has deteriorated since the time of issuance are known as fallen angels.

3. A corporate issuer seeking to fund working capital needs would most likely
issue:

A. commercial paper.

B. intermediate-term debt.

(. long-term debt.
Solution:

B is correct. A corporate issuer would use commercial paper to meet its
short-term or seasonal working capital needs, intermediate-term debt to
cover more medium-term investments, and long-term debt or equity to
match the longer useful life of capital investments.

4. A high-yield corporate issuer would most likely finance its operations using:

A. secured term loans.
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B. long-term callable bonds.

(. unsecured commercial paper.
Solution:

A is correct. A high-yield corporate issuer has limited access to secured debt
across shorter maturities but has no access to unsecured commercial paper
or the long-term bond market. (See Example 2.)

5. Identify the following statement as true or false. Justify your answer.

Foreign investors in emerging market debt have an expected return that is
similar to that of developed market sovereign bonds.
Solution:

False. Foreign investors in emerging market debt expect a return above that
of developed market sovereign bonds in exchange for holding bonds with
lower credit quality and higher risk related to currency fluctuations.

FIXED-INCOME INDEXES

] describe types of fixed-income indexes

An earlier module highlighted the role of market indexes in tracking the broad risk
and return of different security markets, which enable the evaluation of market per-
formance, benchmarking the performance of investments and investment managers,
and forming the basis for indexed investment strategies. Fixed-income indexes perform
a similar function in bond markets as equity indexes in stock markets but differ in
three important ways from their equity counterparts.

1. A single issuer may have many individual fixed-income securities out-
standing. A/l bonds that meet index eligibility requirements are included in
indexes, causing fixed-income indexes to have many more constituent secu-
rities than equity indexes have. Some indexes have over 10,000 constituents.

2. The finite maturity of bonds and the higher frequency of new issuance lead
to far more changes in constituents (turnover) in fixed-income indexes than
in equity indexes. Bond indexes are usually rebalanced each month to both
add new issues and remove those that fall below a minimum maturity.

3. Analogous to equity indexes weighted by issuers’ market capitalization,
bond index constituents are usually weighted by market value of debt
outstanding. Since bonds are issued by many types of issuers, broad bond
indexes will reflect changes to bond market composition over time—for
example, increases in public versus private issuer debt, longer maturities,
and deterioration in credit quality. Government issuers are large bond issu-
ers, so many broad bond indexes have high weights of government debt.

If a bond fund aims to match the returns of a specific index, it will typically hold
a representative sample of constituent securities in order to match index returns
because the complexity of bond indexes makes it impossible to purchase all the con-
stituent securities.

65



66

Learning Module 3

© CFA Institute. For candidate use only. Not for distribution.
Fixed-Income Issuance and Trading

Fixed-income indexes can be classified as aggregate indexes, with a vast number of
constituents, or narrower indexes, based on criteria such as sector, credit quality, time
to maturity, geography, and ESG considerations. The choice of index for investment
manager performance evaluation is important and will be discussed in detail later in
the curriculum, but generally speaking, the index chosen to evaluate an investment
manager or fund should correspond to that manager’s or fund’s investment strategy. For
example, Baywhite’s Short-Term Bond Fund invests in short-term, investment-grade
bonds. To evaluate the fund, its returns should be compared to an index of instruments
with similar maturity and credit quality.

The following three exhibits illustrate fixed-income indexes and their use by
investors.

Exhibit 3: Global Aggregate Bond Index

Bloomberg Barclays Global Aggregate Index
Brief Summary of Inclusion Criteria

Issuers: Fixed-rate bonds from sovereign, government, corporate, and
securitized issuers based in DM and EM markets

Currencies: 28 eligible currencies across the Americas, EMEA, and Asia
Pacific

Credit Quality: Investment-grade rating or equivalent
Fixed rate, zero coupon, and step-up coupon (if step-up dates are

Coupon: p p-up coupon ( p-up

predetermined)

Amount Outstanding: Minimum issuance size by market, for example:
—CAD150 m

—USD300 m, EUR300 m, CHF300 m, AUD300 m
—CNY 5 bn (Treasury and bank debt)

—RUB20 bn

—JPY35 bn

Maturity: At least one year to final maturity or average weighted maturity

Rebalancing Rules: At each month end, the composition of the fixed set of bonds for
the following monthly index return is established. Bonds that no
longer meet maturity, rating, size, or other criteria are removed,

and new issues where security reference information and pricing

are available are included.

Reinvestment of Cash  Intra-month interest and principal payments contribute to
Flows: monthly index returns and are reinvested into the index on the
following rebalancing date.

Market of Issue:
Seniority of Debt:
Taxability:

Global and regional public markets
Senior and subordinated issues

Only fully taxable issues are eligible.

The Bloomberg Barclays Global Aggregate Index includes fixed-coupon capital
market securities from all major issuer types in 28 developed and emerging
markets that meet the above inclusion criteria. However, the index excludes
high-yield and unrated debt instruments and those that do not meet minimum

issuance size.

The index sponsor prices all bonds at a predetermined time each business
day to calculate the index value. Mutual funds and ETFs that track this bench-
mark index offer comprehensive exposure to many fixed-income markets with
no active security selection and portfolio turnover limited solely to either new
issuance or issues no longer meeting inclusion criteria. Similar subindexes are
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available by market or region, and returns may include gains or losses due to
currency fluctuations (unhedged returns) or may offset these currency-based
changes using currency forwards on rebalancing dates (hedged returns).

The Bloomberg Barclays Global Aggregate Index might be appropriate to use to
evaluate Baywhite Financial’'s Core Bond Fund since it includes investment-grade,
longer-term bonds from a variety of sectors. However, if Baywhite invests in only a
single market, such as Japan, a more appropriate benchmark would be the Bloomberg
Barclays Japanese Aggregate Index.

The J.P. Morgan EMBI+ Index in Exhibit 4 is a more narrowly defined fixed-income
index that includes US dollar—denominated debt of sovereign governments at or below
a certain credit quality of a minimum issuance size and maturity. The focus on foreign
debt of lower credit quality targets a higher US dollar—based return than for developed
market sovereign bonds while assuming the external debt risk of issuer countries.

Exhibit 4: Emerging Markets Bond Index

J.P. Morgan Emerging Markets Bond Index Plus (EMBI+)
Brief Summary of Inclusion Criteria

Issuers: Emerging market sovereign issuers of US dollar debt

Currencies: Only US dollar-denominated bonds are included. Bonds with a
coupon or redemption payment linked to an exchange rate are not
eligible.

Credit Quality: Sovereign rating of Baal/BBB+/BBB+ or below by Moody’s/S&P/
Fitch Ratings

Fixed rate, zero coupon, and step-up coupon (if step-up dates are

Coupon: predetermined)

Amount Outstanding:  Issues with a current face amount outstanding of USD500 million
or more

Maturity: Only instruments with at least 2.5 years until maturity are con-
sidered. At each month-end, instruments that will fall below 12
months to maturity during the upcoming month will be excluded.

Return Calculation: Index total return is calculated as a weighted average of bond
returns using bid side prices.

Rebalancing: Occurs on the final US business day of each month

Reinvestment of Cash  All coupons received are immediately reinvested into the index
Flows:

Bond investors seeking to incorporate ESG considerations into fixed-income investment
decisions frequently use bond indexes that regularly screen for and exclude issuers
that fail to meet certain minimum ESG criteria. For example, the Bloomberg Barclays
MSCI Euro Corporate Sustainable SRI Index (see Exhibit 5) filters by sector, currency,
credit quality, time to maturity, and ESG considerations, such as a minimum ESG
rating and exclusion of issuers involved in certain business activities.
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Exhibit 5: Corporate Sustainable Socially Responsible Investment (SRI)

Bond Index

Bloomberg Barclays MSCI Euro Corporate Sustainable SRI Index

Brief Summary of Inclusion Criteria

Issuers:
Currencies:

Credit Quality:

Coupon:

Amount Outstanding:

Maturity:

Return Calculation:
Rebalancing:
Reinvestment of Cash

Flows:

ESG Rules:

Corporate (industrial, utility, and financial institution) issuers
Only euro-denominated bonds are included.

Security rating of Baa3/BBB-/BBB- or above by Moody’s/S&P/
Fitch or equivalent

Fixed rate, zero coupon, and step-up coupon (if step-up dates are
predetermined)

EUR300 million minimum par amount outstanding

At least one year to final maturity, with fixed-to-floating perpetual
bonds excluded one year prior to conversion. Fixed-rate perpetual
bonds are excluded.

Index total return is calculated as a weighted average of bond
returns using bid side prices.

Occurs on the final US business day of each month

Intra-month interest and principal payments contribute to
monthly index returns and are reinvested into the index on the
following rebalancing date.

= Must have an MSCI ESG rating of BBB or higher

= Excludes issuers involved in the following business lines/
activities:

e Alcohol

 Tobacco

e Gambling

e Adult Entertainment

Genetically Modified Organisms (GMOs)

¢ Nuclear Power

Civilian Firearms

Military Weapons

¢ Thermal Coal

» Generation of Thermal Coal
 Oil Sands

= Excludes issuers with a “Red” MSCI Controversies score
measuring issuer involvement in major ESG controversies and
adherence to international norms and principles

QUESTION SET

E4

1. Which of the following indexes would be most suitable for evaluat-
ing Baywhite’s Short-Term Bond Fund?

An index composed primarily of:

A. high-yield short-term bonds.

B. investment-grade short-term bonds.
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(. investment-grade bonds with more than five years to maturity.
Solution:

B is correct. Baywhite’s Short-Term Bond Fund invests in investment-grade,
short-term bonds. To evaluate this fund, its returns should be compared to
those of an index of similar maturity and credit instruments.

2. Match the characteristics on the right with the indexes on the left.

A. Broad equity index L. Includes sovereign issuers

B. Broad bond index II. Less frequent rebalancing

I1I. Easier to fully replicate

IV. Larger number of constituents

Solution:
A. II and III
B. IandIV

3. Relative to equity indexes, fixed-income indexes exhibit more turnover due
to:

A. annual rebalancing.

B. the finite maturity of bonds.

C. the lower frequency of new issues.
Solution:

B is correct. The finite maturity of bonds and the higher frequency of new
issuance leads to far more turnover in fixed-income indexes than in equity
indexes. Bond indexes are usually rebalanced each month to both add new
issues and remove those that fall below a minimum maturity.

4. The composition of broad bond indexes will most likely change due to
changes in:

A. the maturity mix of issuers only.
B. the proportion of public versus private issuers only.

C. both the maturity mix of issuers and the proportion of public versus
private issuers.
Solution:

C is correct. Since bonds are issued by many types of issuers, broad bond
indexes will reflect changes to bond market composition over time—for ex-
ample, increases in public versus private issuer debt, longer maturities, and
deterioration in credit quality.

5. Identify the following statement as true or false. Justify your answer.

The Bloomberg Barclays MSCI Euro Corporate Sustainable SRI Index
requires an MSCI ESG rating of AAA and excludes all emerging market
issuers.

Solution:

False. The Bloomberg Barclays MSCI Euro Corporate Sustainable SRI Index
requires an MSCI ESG rating of BBB or higher and excludes certain busi-
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ness lines/activities, including alcohol, tobacco, gambling, and thermal coal.
Emerging market issuers are not excluded.

PRIMARY AND SECONDARY FIXED-INCOME MARKETS

] compare primary and secondary fixed-income markets to equity
markets

Primary Fixed-Income Markets

Primary bond markets are markets in which an issuer sells a new bond or bonds
to investors to raise capital. In contrast, secondary bond markets are markets in
which existing bonds are traded among investors. As in the case of an IPO for equity
investors, an issuer approaching the bond market for the first time (often referred
to as a debut issuer) represents the first opportunity for a fixed-income investor
to purchase an issuer’s bonds. Bonds can be sold via a public offering, in which any
member of the public may buy the bonds, or via a private placement, in which only a
selected investor or group of investors may buy the bonds. Similar to primary equity
issuance, which typically involves a transfer from private to public ownership, a debut
issuer is often replacing private debt, such as a bank loan, with bonds. Examples of
debut bond issuers include

= new corporate legal entities formed after a merger, acquisition, or divesti-
ture, which usually refinance all existing debt outstanding;

= companies that reach a more mature stage of the life cycle with more pre-
dictable cash flows and begin issuing debt; and

= sovereign governments that raise external foreign currency debt for the first
time.

For debut issuers that must complete the respective domestic market or Eurobond
registration process, the underwriters usually conduct roadshows and other information
sessions for a period of several weeks prior to issuance to familiarize potential inves-
tors with the new entity and its uses of and sources for repayment for the new bond.

For repeat issuers of fixed-income securities, the process is far more abbreviated
than for debut issuers and for follow-on offerings of equities. Whereas publicly traded
companies that return to the equity market to increase their shares outstanding do
so under an identical instrument, fixed-income issuers usually issue a new security
priced at or close to par. A less common strategy is to increase the size of an existing
bond with a price significantly different from par, which is referred to as the reopen-
ing of an existing bond.

For example, unsecured investment-grade issuance of new corporate bonds usu-
ally takes place within a several-hour period, as shown in the diagram and timeline
in Exhibit 6.
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Exhibit 6: Investment-Grade Corporate Bond Issuance Timeline

12:00 PM 1:00 PM 3:00 PM
Order Book Price Guidance Transaction Transaction
Size 10:30 AM Launched Priced
Announced
9:15 AM Investor :
Transaction  Conference Call

Announced

| |
9am 10 am 11am 12 noon 1pm 2pm 3pm Time
of Day

Illustrative Timeline:

9:00 a.m. Underwriters and issuer agree to launch transaction

9:15 a.m. Transaction announced (size, spread, and maturities TBD)
Electronic roadshow released
Order book opens to investors

10:30 a.m. Investor conference call with issuer and underwriters
12:00 p.m. Price guidance, size, and maturities subject to change

Order book closed to investors
1:00 p.m. Transaction launched with final size, pricing, and maturities
1:00-3:00 p.m. Underwriters allocate transaction to investors
3:00 p.m. Transaction priced (government benchmark and coupon set)
4:00 p.m. Final term sheet delivered, bonds free to trade same or next day

Exhibit 6 is an example of an underwritten bond offering in which one or more
financial intermediaries (or underwriters) guarantee the sale of the bond issue at
an offering price that is negotiated with the issuer. Investors in such bonds (e.g.,
Baywhite) are usually very familiar with the bond indenture and financial statements
of these frequent issuers. As in the case of BRWA earlier in this module, issuers of
such bonds have ready access to the bond market and often choose issuance timing
on an opportunistic basis when market conditions are most favorable. Underwriters
seek to manage the bond order book to ensure the greatest availability to large institu-
tional investors at the lowest possible spread across maturities. Frequent bond issuers
use a shelf registration or a broad, all-encompassing offering circular that is updated
regularly and may be used for a range of future bond issuances.

Secured bond issuance among corporate high-yield, some special purpose entities,
and other issuers (e.g., VIVU) is usually a longer and more involved process than
for unsecured investment-grade bonds. Investors must familiarize themselves with
unique and more complex covenants, as well as the use of both operating cash flows
and collateral as sources of bond repayment. For bonds of lower credit quality, the
financial intermediary does not guarantee the sale and may serve only as a broker in
a best-efforts offering. That is, it tries to sell the bond issue on a commission basis at
the negotiated price only if it can do so.

In instances where the bond size is small, the issuer is less well known, or the
terms are more customized, a bond might take the form of a private placement or
non-underwritten, unregistered offering of bonds sold only to a small group of investors.

Primary market issuance of sovereign debt usually takes the form of a public
auction led by the national treasury or finance ministry, which are discussed in detail
in a later module.
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Secondary Fixed-Income Markets

While progress continues to be made by various electronic marketplace platforms,
such as MarketAxess and Tradeweb, fixed-income markets are mostly quote-driven
or over-the-counter (OTC) markets. Major participants in secondary bond market
trading include institutional investors (such as the Baywhite funds introduced earlier),
financial intermediaries, and central banks.

Secondary bond market liquidity varies widely across fixed-income market seg-
ments and even among bonds outstanding from a single issuer. The bid—offer spread
or difference in price at which a dealer will buy (or bid) from a customer and sell (or
offer) to a customer is a key liquidity measure. This spread is often quoted in basis
points in fixed-income markets.

The most recently issued, or on-the-run, developed market sovereign bonds are
typically the most liquid fixed-income securities, with primary dealers making active
markets in large size with bid—offer spreads equal to a fraction of a basis point. In
some markets, such as Australia, domestic sovereign government bonds are traded
on an exchange. Among corporate issuers, recently issued corporate bonds from
frequent issuers of higher credit quality usually exhibit the greatest liquidity and
tightest bid—offer spreads. Underwriters and other dealers are more likely to hold
trading inventory in recent issues and may therefore quote bid-offer spreads of a few
basis points. Bonds of less frequent corporate issuers or more seasoned bonds of fre-
quent issuers are rarely traded, leading dealers to quote bid—offer spreads of at least
10-20 basis points or more for small sizes. One exception that can increase trading
frequency of a seasoned issue is a significant deterioration in a bond’s credit quality,
as in the following example.

EXAMPLE 4

Hertz Corporation

Hertz Global Holdings Inc. (Hertz) is a US-based car rental company that filed
for Chapter 11 bankruptcy protection in May 2020 amid the initial outbreak of
COVID-19 in the United States. Hertz’s bonds maturing in 2022 and 2028 were
trading at an average of less than 10% of par value, a decline of more than 90%
from three months earlier. However, a year later, the bonds rose back to their
pre-pandemic price as the company exited bankruptcy through a reorganization
with outside investors that kept these bonds intact.

Source: Bloomberg News

Bonds of issuers believed to be very close to or in bankruptcy, as in the previous
example, are referred to as distressed debt. Distressed debt typically trades in the
secondary market at a price well below par, because bondholders are unlikely to receive
all promised future interest and principal payments. Investors with policies limiting
their bond investments to highly rated securities may be forced to sell distressed debt,
while hedge funds and other opportunistic investors seeking more equity-like returns
(from price appreciation) are often the buyers of distressed bonds. Distressed debt
is traded until either the corporate issuer has liquidated its assets or its outstanding
bonds have been restructured. In contrast, an equity security may be removed or
delisted from secondary trading on an exchange if it fails to meet the listing require-
ments of the exchange, which often include minimum share prices, net worth, and
free float. By the time an issuer’s debt has become distressed, its equity securities will
likely have already been delisted.
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Finally, many bond issues do not trade at all on a regular basis. Price quotes from
dealers or on platforms such as Bloomberg for illiquid bonds often rely on estimates
derived from more liquid bonds of similar credit quality and maturity, a process
covered in a later module.

QUESTION SET [ y

1. A bond issuance by a company after it has reached a more mature
stage of the life cycle with more predictable cash flows would be best consid-
ered a:

A. private placement.
B. primary fixed-income market transaction.

(. secondary fixed-income market transaction.
Solution:

B is correct. Primary bond markets are markets in which an issuer sells a
new bond or bonds to investors to raise capital. Secondary bond markets are
markets in which existing bonds are traded among investors. Bonds can be
sold via a private placement, in which only a selected investor or group of
investors may buy the bonds.

2. Which of the following statements about debut issuers is correct?

A. A debut issuer typically replaces bank loans with bonds.
B. Debut issuers transfer ownership from public to private markets.

(. Debut issuers offer bonds in a public offering, not a private placement.
Solution:

A is correct. Similar to primary equity issuance, which typically involves a
transfer from private to public ownership, a first-time bond issuer is often
replacing private debt, such as a bank loan, with bonds.

B is incorrect. Fixed-income securities have no voting or control rights, and
debut issues represent a private to public (not public to private) transition.
Cis incorrect. A debut issuer can offer bonds in either a public offering or a
private placement.

3. Relative to unsecured issuers, secured issuers most likely experience an issu-
ance timeline that is:

A. shorter.
B. the same.

C. longer.
Solution:

C is correct. Secured bond issuance among corporate high-yield, some spe-
cial purpose entities, and other issuers (e.g., VIVU) is usually a longer and
more involved process than for unsecured investment-grade bonds. Inves-
tors must familiarize themselves with unique and more complex covenants,
as well as the use of both operating cash flows and collateral as sources of
bond repayment.
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4. Identify the following statement as true or false. Justify your answer.

Secondary fixed-income markets consist mostly of quote-driven or over-
the-counter markets, while secondary trading for listed equity markets
primarily occurs on an electronic exchange.

Solution:

True. Unlike listed equities, for which secondary trading largely occurs on
an electronic exchange, fixed-income markets consist mostly of quote-driv-
en or over-the-counter markets.

5. For a firm in distress, its bonds will most likely stop trading:

A. before the firm’s equity.
B. at the same time as the firm’s equity.

C. after the firm’s equity.
Solution:

C is correct. Distressed debt is traded until either the corporate issuer has
liquidated its assets or its outstanding bonds have been restructured. In con-
trast, an equity security may be removed or delisted from secondary trading
on an exchange if it fails to meet the listing requirements of the exchange,
which often include minimum share prices, net worth, and free float. By the
time an issuer’s debt has become distressed, its equity securities will likely
have already been delisted.
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PRACTICE PROBLEMS

1. Match the instrument type on the left with its typical investor on the right.

A. Commercial paper L. Insurance companies
B. Unsecured corporate bonds II. Hedge funds
C. Secured corporate bonds III. Money market funds

2. Anissuer with a AAA credit rating would most likely be a:

A. distressed issuer.
B. high-yield issuer.

(. sovereign issuer.

3. Anindex tracking the Bloomberg Barclays Global Aggregate Index would most
likely have:

A. limited security selection.
B. modest turnover due to changes in market values.

(. comprehensive exposure to fixed-income markets.

4. A firm that increases the size of an existing bond issue with a price significantly
different from par is conducting a:

A. reopening.
B. private placement.
(. distressed debt issuance.
5. The bond issue trading at the highest bid—offer spread is most likely a:
A. recently issued sovereign bond.
B. seasoned investment-grade corporate bond.

C. recently issued investment-grade corporate bond.
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SOLUTIONS

1.
A. 111
B. I
G II

2. Cis correct. Sovereign government issuers typically have the lowest credit risk
(highest credit rating) in each market, due to sovereign governments’ right to tax
economic activity. High-yield issuers have below-investment-grade credit ratings
(BBB- or below), while distressed issuers typically have high-yield ratings or are
in default.

3. Cis correct. Mutual funds and ETFs that track this benchmark index offer
comprehensive exposure to many fixed-income markets with no active security
selection and portfolio turnover limited solely to either new issuance or issues no
longer meeting inclusion criteria.

4. A s correct. Increasing the size of an existing bond with a price significantly
different from par is referred to as the reopening of an existing bond. A private
placement refers to bonds being sold to a selected investor or group of investors,
versus a sale to the public. Bonds of issuers believed to be very close to or in
bankruptcy are referred to as distressed.

5. Bis correct. Bonds of less frequent corporate issuers or more seasoned bonds
of frequent issuers are rarely traded, leading dealers to quote bid—offer spreads
of at least 10-20 basis points or more for small sizes. The most recently issued,
or on-the-run, developed market sovereign bonds are typically the most liquid
fixed-income securities, with primary dealers making active markets in large size
with bid—offer spreads equal to a fraction of a basis point. Among corporate issu-
ers, recently issued corporate bonds from frequent issuers of higher credit quality
usually exhibit the greatest liquidity and tightest bid—offer spreads.
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LEARNING MODULE

Fixed-Income Markets for
Corporate Issuers

LEARNING OUTCOMES
Mastery | The candidate should be able to:

] compare short-term funding alternatives available to corporations
and financial institutions

] describe repurchase agreements (repos), their uses, and their
benefits and risks

] contrast the long-term funding of investment-grade versus high-yield
corporate issuers

INTRODUCTION

Previous modules described various types of fixed-income issuers and investors. In
this module, we focus on the corporate fixed-income sector, composed of instru-
ments issued by financial institutions and non-financial corporate issuers across the
time-to-maturity and credit spectrums. These instruments account for a significant
portion of total debt issuance and debt outstanding globally.

LEARNING MODULE OVERVIEW %

= Non-financial corporations frequently use short-term external
funding in the form of bank loans and securities, such as com-
mercial paper to meet cash needs.

= Financial institutions rely on deposits, interbank markets, commercial
paper, and repurchase agreements (repos) as primary sources of short-
term funding.

=  Commercial paper is a short-term unsecured promissory note issued
by both financial institutions and non-financial corporations.

= A repurchase agreement (repo) is a form of short-term secured lend-
ing that involves the sale and simultaneous agreement to buy back a
security at a pre-agreed future price.
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= An investment-grade bond has a significant proportion of its
yield-to-maturity (YTM) attributed to the government benchmark
yield due to its strong ability to meet promised interest and principal
obligations from operating cash flows.

= High-yield issuers are characterized by a higher expected likelihood
of financial distress. Relative to investment-grade bonds, a higher pro-
portion of their bonds’ YTM is attributed to an issuer-specific spread
over the government benchmark yield.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of this learning module.

1. Which of the following financing instruments provides the most reliable
source of short-term bank funding for a non-financial corporation?

A. Revolving credit agreement
B. Committed bank line of credit

(. Uncommitted bank line of credit
Solution:

A is correct. Revolving credit agreements, also referred to as revolvers, are
the most reliable source of short-term bank funding.

B is incorrect. While committed lines of credit are a more reliable source

of financing than uncommitted lines because they involve a formal written
commitment, they are less reliable than revolvers. C is incorrect because
uncommitted bank lines of credit are the least reliable form of bank borrow-
ing for a company.

2. Identify the following statement as true or false. Justify your answer.

In an unsecured loan, the lender requires the company to provide collateral
in the form of an asset that is pledged against the loan.

Solution:

False. Secured loans are loans in which the lender requires the company to
provide collateral in the form of an asset, such as a fixed asset that the com-
pany owns or high-quality receivables or inventory. These assets are pledged
against the loan, and the lender files a security interest against them. This
pledge or lien is added to the borrowing company’s financial record and
reflected on its credit report. Companies that lack sufficient credit quality to
qualify for unsecured loans may attempt to obtain secured loans.

3. Relative to long-term debt and equity, repo funding provides which of the
following benefits to a financial institution?
A. Lower cost
B. Longer-term financing

(. Greater financial flexibility
Solution:

A is correct. Financial institutions must balance the low cost of repo funding
with the greater financial flexibility of more costly longer-term financing al-
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ternatives, such as long-term debt and equity. B and C are incorrect because
they are both benefits of long-term debt and equity.

4. Venus, Inc,, a financial institution, and Bank A, a large regional bank, enter
into a repurchase agreement in which Venus is the security seller and Bank
A is the security buyer. The repo is subject to a 102% initial margin. Which
of the following statements is correct?

A. Bank A benefits from a long-term cash investment on a collateralized
basis with minimal liquidity risk.

B. Bank A could generate higher returns for longer repo terms and/or by
accepting less liquid or lower-quality collateral.

C. The repo transaction reduces Venus’s funding requirement for the
security to a fraction of the bond’s purchase price.
Solution:

B is correct. Short-term repos with high-quality collateral (lowest risk)
result in the lowest return; however, investors can expect higher returns for
longer repo terms and/or by accepting less liquid or lower quality collateral.
A is incorrect because Bank A benefits from a short-term (not long-term)
cash investment on a collateralized basis with minimal liquidity risk.

C is incorrect because the repo transaction reduces Bank A’s (not Venus’s)
funding requirement for the security to a fraction of the bond’s purchase
price due to the 102% initial margin.

5. An investor is analyzing three bonds for a potential investment: a AA rated
bond, a B rated bond, and a CCC rated bond. Which of the bonds is most
appropriate if the investor is seeking safety with few issuer restrictions?

A. AA rated bond

B. B rated bond

(. CCC rated bond
Solution:

A is correct. The AA rated bond is investment grade with low likelihood of
default and minimal issuer restrictions. B and C are incorrect because the B
rated and CCC rated bonds are considered high yield with equity-like risk
attributes and often greater issuer restrictions.

6. A bond analyst would most likely consider the probability of default and loss
given default for:

A. an investment-grade bond because of its equity-like cash flow.

B. a high-yield bond because of its higher expected likelihood of financial
distress.

(. an investment-grade bond because of the importance of financial
ratios and credit ratings to determine the issuer’s likelihood of default.
Solution:

B is correct. High-yield issuers are characterized by a higher expected
likelihood of financial distress. Given the higher chance of default, these
instruments are more equity-like in nature and analysts place a greater em-
phasis on the likelihood (probability) of default, potential loss given default,
and the protections and secondary repayment sources that are available. A
is incorrect because investment-grade bonds exhibit bond-like cash flows,
for which there is a high probability of receiving the agreed-upon interest
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and principal payments. C is incorrect because investment-grade bond
analysts use financial ratios and credit ratings to determine if and when an
investment-grade issuer’s likelihood of default will change and don't rely on
probability of default or loss given default measures.

SHORT-TERM FUNDING ALTERNATIVES

] compare short-term funding alternatives available to corporations
and financial institutions

Both non-financial corporations and financial institutions rely on borrowed capital
to support their short-term activities. As discussed in an earlier module in the cor-
porate issuers reading, corporations use external short-term financing to meet cash
needs during their cash conversion cycle, preserve liquidity, and take advantage of
supplier discounts.

Non-financial corporate sources and uses of short-term funding are summarized
in Exhibit 1.

Exhibit 1: Sources and Uses of Short-Term Funding for Non-Financial

Corporates

Working Capital

Long-Term
Obligations

Long-Term Ownership
Assets Capital (Equity)

External Loan Financing

Non-financial corporations often rely on financial intermediaries for short-term
financing. Common instruments include

»  uncommitted bank lines of credit,

= committed bank lines of credit, and

= revolving credit agreements, or revolvers.
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These can be unsecured or secured, depending on a company’s financial strength,
general credit situation, and jurisdiction. Uncommitted lines and revolvers are used
more frequently in the United States, whereas regular committed lines are more
common elsewhere. Credit lines typically offer the most flexible and immediate access
to short-term funding.

Lines of Credit

Uncommitted lines of credit are the least reliable form of bank borrowing for a com-
pany, as the name suggests. A bank offers uncommitted credit lines up to a certain
principal amount (“credit line”) for a pre-determined maximum maturity, charging a
base or market reference rate (MRR) plus an issuer-specific spread on only the prin-
cipal outstanding for the period of use. Under normal business conditions, companies
often find uncommitted bank credit lines to be the most flexible and least costly means
of external funding. Banks usually offer these lines on an unsecured basis to clients
who maintain stable cash deposits at the bank, allowing the banks to closely monitor
and react to adverse borrower developments, such as declining account balances.
Uncommitted credit lines require minimal capital reserves until they are drawn down
and used, but banks reserve the right to refuse to honor any request for use of the line.
Firms cannot therefore rely on uncommitted lines as a primary source of funding,
because banks may choose not to lend if business or economic conditions deteriorate.
Alternative funding sources may be difficult to obtain or are prohibitively expensive
at times when uncommitted funding becomes unavailable. The primary attraction of
uncommitted lines is that they do not require the company to pay any compensation
other than interest on balances outstanding to the bank. From a bank perspective,
these uncommitted lines of credit serve as valuable tools to maintain a long-term
business relationship with the borrower through which the bank can monitor borrower
activity. Funding for these lines often comes from stable deposits that the bank holds,
allowing it to finance these lines using funds that depositors do not regularly touch.

Committed (regular) lines of credit are a more reliable source of financing than
uncommitted lines because they involve a formal written commitment. Committed
lines require more bank capital than uncommitted lines, although commitments of
less than a year (usually 364 days) minimize a bank’s capital requirement. For larger
corporate borrowers, banks often further reduce the committed capital needed to
support the line by forming a group of banks or a syndicate, which involves a mutual
agreement to accept a pre-determined percentage of the total credit commitment and
loan drawdown over time. When drawn, regular credit lines are short-term liabili-
ties, usually classified as notes payable or the equivalent. Undrawn committed lines
are sometimes used as a source of backup credit for other financing forms, such as
short-term securities, as shown later.

Regular lines are unsecured and prepayable without penalty. Although they are a
more reliable source of short-term funding than uncommitted lines, these commit-
ments face the risk of renewal at maturity, particularly when heavily used and drawn
by a borrower with weakening credit conditions. Unlike uncommitted lines, regular
lines usually involve upfront costs in the form of a commitment fee (such as 0.50%)
on either the full or unused amount of the line for the commitment period.

Revolving credit agreements, also referred to as “revolvers” (or “operating lines
of credit”), are the most reliable source of short-term bank funding. These are mul-
tiyear credit commitments and lenders typically seek protections, such as covenants
which require or restrict certain borrower actions as in the case of a bond indenture.
Otherwise, revolvers have similar features to regular lines with respect to borrowing
rates and commitment fees and may also include optional medium-term loan features.
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Secured Loans and Factoring

Secured loans, also called asset-based loans, are loans in which the lender requires
the company to provide collateral in the form of an asset, such as a fixed asset that
the company owns or high-quality receivables, inventory, or marketable securities.
These assets are pledged against the loan, and the lender files a security interest (or
right to possess the asset until the loan is repaid) against them. This pledge or lien is
added to the borrowing company’s financial record and reflected on its credit report.
Companies that lack sufficient credit quality to qualify for unsecured loans might
arrange for secured loans.

A company can use its accounts receivable to generate cash flow through the
assignment of accounts receivable, which is the use of receivables as collateral for a
loan. Firms can also sell accounts receivable to a lender, called a factor, typically at
a substantial discount. Under an assignment, the company remains responsible for
the collection of the accounts, whereas in a factoring arrangement, the company
shifts the credit-granting and collection process to the lender or factor. The cost of
this credit (i.e., the amount of the discount) depends on the credit quality of the
accounts and the collection costs. Similarly, inventory can be used in different ways
as collateral for a loan.

External, Security-Based Financing

For some firms, loans can be more expensive than debt, secured or unsecured, issued
in financial markets. Large, highly rated companies can issue short-term, unsecured
notes known as commercial paper (CP) in the public market or via a private place-
ment. Commercial paper issued by corporations typically matures in less than three
months and can be used to fund working capital, seasonal demand for cash, or to
provide bridge financing (i.e., interim financing that provides funds until permanent
financing can be arranged).

In most cases, maturing commercial paper is paid with the proceeds of newly
issued commercial paper (or “rolled over”). This practice raises the possibility that an
issuer is unable to issue new paper at maturity, known as rollover risk. To minimize
rollover risk, investors usually require a committed backup line of credit from banks,
also referred to as a liquidity enhancement or backup liquidity lines. The purpose of
the backup lines of credit is to ensure that the issuer can fully repay maturing com-
mercial paper if a rollover is not possible. Given their short maturity, commercial
paper markets adapt quickly to adverse credit events and defaults are relatively rare.

Apart from non-financial corporations, the largest commercial paper issuers
include financial institutions, governments, and supranational agencies. Commercial
paper issued in the international market is known as Eurocommercial paper (ECP).
Although similar to United States commercial paper (USCP), typical ECP transaction
sizes are much smaller and less liquid than the USCP market.

Short-Term Funding Alternatives for Financial Institutions

Common bank sources and uses of funding are shown in Exhibit 2. The short-term
funding needs of financial institutions, such as banks, arise from their role as interme-
diaries between borrowers and depositors. In addition to cash and reserves, most bank
assets are loans issued or securities purchased. Liabilities include deposits received
from households and firms, securities sold, or short-term borrowing.
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Exhibit 2: Bank Short-Term Funding Sources and Uses

I
\ | /
I I \
Short-Term | Fr—— = — — — — 4
Loans | |
I
I

Securities Purchased
under Agreements to M —— i

Resell or Borrowed
Long-Term Ownership
Assets Capital (Equity)

- = Net Interest Margin

Deposits

Household (or retail) and commercial deposits are a primary source of short-term
funding for most banks. These are usually in the form of checking accounts, or
deposits with no stated maturity available for transactional purposes that pay little or
no interest. Although these so-called demand deposit balances may be withdrawn at
any time, fee rebates, uncommitted credit lines, and other services extended by banks
under normal business conditions to their commercial customers allow them to rely
on this stable source to meet both short-term and longer-term funding needs. For
larger depositors, these so-called operational deposits generated by clearing, custody,
and cash management activities are also a relatively stable source of funding, while
rules requiring banks to maintain liquidity reserves against other less stable demand
deposits make them a less attractive funding source.

Saving deposits are usually held for non-transactional purposes and often have a
stated term. For example, a bank may accept a specific deposit with a pre-determined
maturity and interest rate known as a certificate of deposit (CD). CDs typically have
maturities shorter than one year and pay interest at maturity. A non-negotiable CD
involves payment of principal and interest at maturity to the initial depositor, with a
penalty for early withdrawal. Negotiable CDs allow a depositor to withdraw funds by
selling the CD in the open market prior to maturity. A negotiable CD oriented toward
the retail market is called a small-denomination CD, while large-denomination CDs
are a common source of wholesale funding from institutional investors. As in the case
of CP, CDs are traded in the Eurobond market.

Interbank Market

The interbank market involves short-term borrowing and lending among financial
institutions on a secured or unsecured basis. Unsecured loans and deposits in the
interbank market typically range from overnight to a one-year term at an interest
rate closely tied to a market reference rate. Banks typically factor credit risk into the
interest rate on these loans and deposits and impose counterparty limits as part of
their credit risk management.

In most countries, banks and other financial institutions are required to maintain
reserves at the central bank. While some banks may have excess funds over the mini-
mum reserve requirement, others may run short of required reserves. This imbalance
is solved through the central bank funds market, allowing banks with a surplus of
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funds to lend to others. The interest rate at which central bank funds are bought
(i.e., borrowed) and sold (i.e., lent) is known as the central bank funds rate. Central
banks target a specific rate or range of policy rates and use open market operations
or interest paid on reserves to achieve it. A bank unable to borrow in the interbank
market may do so directly from the central bank as a last resort (discount window
lending), but this is typically associated with posting of collateral with the central
bank and may lead to greater central bank oversight that can result in restrictions on
the bank’s activities to address the bank’s liquidity issues. Such lending is offered at a
higher interest rate than the central bank funds rate.

The most common form of secured interbank borrowing and lending involves
repurchase agreements addressed in the next lesson.

Commercial Paper

Commercial paper issuance is dominated by large financial institutions, which use
these unsecured notes to meet short-term borrowing needs and in some cases to fund
longer-term balance sheet assets, such as loans. Approximately 60% of the annual
issuance volume comes from financial institutions, and the remainder comes from
non-financial corporate issuers. As in the case of non-financial corporations, banks
also face rollover risk to the extent that their funding needs exceed the maturity of
commercial paper outstanding.

Banks and other financial institutions also commonly use a secured form of com-
mercial paper issuance known as asset-backed commercial paper (ABCP). Recall
from an earlier lesson that in some cases, loans or receivables are sold to a special
purpose entity (SPE) that issues debt and makes interest and principal payments from
asset cash flows. Exhibit 3 shows an ABCP issuance in two simple steps (asset-backed
securities will be covered in detail later). First, a bank agrees to transfer short-term
loans to an SPE in exchange for cash. Second, the SPE issues ABCP to investors with
a backup credit liquidity line provided by the bank.

Exhibit 3: Asset-Backed Commercial Paper Issuance

Step 1:
Short-Term
Loans
Bank SPE
4—
Cash
Step 2:

. _
~ _ Facility _

—_—_ -

This financing is not recorded on the balance sheet of the issuer, and such
off-balance-sheet financing benefits both the bank (as the SPE sponsor and backup
credit provider) and investors. The bank receives cash when the commercial paper
is issued and reduces its capital costs by providing undrawn backup liquidity instead
of holding the short-term loans to maturity. Investors purchase a liquid, short-term
note with interest and principal payments from a loan portfolio to which they would
otherwise not have direct access.
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The ABCP market experienced rapid growth prior to the Global Financial Crisis
due in part to a significant increase in the funding of long-term assets using short-term
notes. However, the inability of many issuers to roll ABCP at the height of the crisis
caused numerous SPEs to fail. Following the crisis, the ABCP market reverted to
primarily funding short-term, generally high-quality loans and receivables.

QUESTION SET [ y

1. Pennington Corporation is a large pharmaceutical company with
an investment-grade credit rating and uses Cavalier Bank for some of its
financing needs. Pennington maintains stable cash deposits at Cavalier Bank
and is seeking a short-term financing option with no upfront commitment
fee. Which of the following financing options would be most appropriate for
Pennington?

A. Secured loan
B. Committed bank line of credit

(. Uncommitted bank line of credit
Solution:

C is correct. Banks offer uncommitted lines of credit on an unsecured basis
to clients who maintain stable cash deposits at the bank, allowing the banks
to closely monitor and react to adverse borrower developments, such as de-
clining account balances. Uncommitted lines of credit also have no upfront
commitment fee and are obtained by stronger companies, such as Penning-
ton. A is incorrect because secured loans are obtained by companies that
lack sufficient credit quality to qualify for unsecured loans. B is incorrect
because committed lines of credit have upfront commitment fees.

2. Which of the following statements about revolvers is correct?

A. Revolvers are the least reliable form of bank borrowing for a company.

B. Revolvers are multiyear credit commitments where lenders typically
seek covenants that require or restrict certain borrower actions.

C. Revolvers usually involve upfront costs in the form of a commitment
fee on either the full or the unused amount of the line for the commit-
ment period.

Solution:

B is correct. Revolvers are multiyear credit commitments in which lend-
ers typically seek protections, such as covenants, which require or restrict
certain borrower actions, as in the case of a bond indenture. A is incorrect
because uncommitted lines of credit are the least reliable form of bank bor-
rowing for a company. C is incorrect because committed lines of credit, not
revolvers, usually involve upfront costs in the form of a commitment fee on
either the full or the unused amount of the line for the commitment period.

3. Which of the following would a commercial paper issuer most likely obtain
to minimize rollover risk?

A. Credit rating

B. Bridge financing
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(. Liquidity enhancement
Solution:

C is correct. To minimize rollover risk, investors usually require a liquidity
enhancement to ensure that the issuer can fully repay maturing commercial
paper if a rollover is not possible. B is incorrect because bridge financing,
which is interim financing that provides funds until permanent financing
can be arranged, would require additional issuance of commercial paper

by the issuer, increasing rollover risk. A is incorrect because a credit rating
does not affect rollover risk.

4. Which of the following statements about asset-backed commercial paper is
correct?

A. This financing is not recorded on the balance sheet of the issuer.

B. The bank issues ABCP to investors with a backup credit liquidity line
provided by the SPE.

C. Investors purchase an illiquid, short-term note with interest and prin-
cipal payments from the SPE.
Solution:

A is correct. This financing is not recorded on the balance sheet of the
issuer. B is incorrect because the SPE (not the bank) issues ABCP to inves-
tors with a backup credit liquidity line provided by the bank. C is incorrect
because investors purchase a liquid, short-term note from the SPE.

REPURCHASE AGREEMENTS

describe repurchase agreements (repos), their uses, and their
benefits and risks

[

An important source of secured short-term lending and borrowing is the repurchase
agreement (repo) market. A repurchase agreement, or repo, involves the sale of a
security with a simultaneous agreement by the seller to buy the same (or a similar)
security back from the purchaser at an agreed-on repurchase price and future date
called the repurchase date. Exhibit 4 shows the mechanics of a simple repurchase
agreement.
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Exhibit 4: Repurchase Agreement

Agreeatt=0tosella
security today and
repurchase attimet=T

At time t =T, cash plus
interest is exchanged for
the same security

Time I I
t=0 t=T
Security Buyer Security Buyer
(Cash Lender) (Cash Lender)
$100 million $100 million
US 5-year $100,000,000 $100,020,833 US 5-year
Treasury Note Treasury Note

Security Seller Security Seller
(Cash Borrower) (Cash Borrower)

Assume that today (¢ = 0) the current US five-year Treasury note trades at a price equal
to the bond’s face value of USD100,000,000. The security buyer takes delivery of the
US Treasury note today and pays the security seller USD100,000,000. If we assume
a repo term of 30 days (and 360 days in a year) and an annual interest rate (or repo
rate) of 0.25%, then the buyer agrees to return the Treasury note 30 days from today
(t = T) to the seller at a repurchase price of USD100,020,833, calculated as follows:

USD100,000,000 x [1 + (0.25% x 30/360)] = USD100,020,833.

In effect, the security seller borrows USD100,000,000 on a short-term basis at a low
cost, with interest (USD20,833) paid at maturity, because the loan is collateralized
by the US Treasury note.

The details of repo and other money market interest calculations are addressed in
a later lesson. In a repo transaction, the seller of the security (cash borrower) retains
ownership of the security over the repo term, as well as the interest and actual coupon
paid by the security, while the security buyer (cash lender) receives the repo rate.

Because cash lenders in the repo market are primarily interested in both the liquidity
and safety of their investments, most repos are typically very short-term transactions
with the highest-quality securities (e.g., sovereign bonds) serving as collateral. Repo
periods range from overnight to so-called term repos, those involving any maturity
longer than one day. The underlying securities used in repo transactions are usually
limited to the most liquid bonds with the lowest credit risk, such as sovereign bonds
of various maturities. Rather than involving a specific security as in Exhibit 4, a repo
transaction may instead reference a specific group of securities as eligible collateral
(such as government bonds of a specific maturity) in what is known as a general
collateral repo transaction. These transactions take place at the general collateral
repo rate.

In addition to the high quality of underlying securities, repos include features
designed to reduce the risk of a collateral shortfall over the contract life. One such
feature is the provision of collateral in excess of the cash exchanged, known as initial
margin, defined as the following ratio:

L . Security Price,
Initial Margin = Purchase Price,’ @)
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A 100% initial margin indicates a fully collateralized loan, while a higher margin
indicates even greater initial collateral protection. This is alternatively considered
a reduction or haircut of the underlying loan relative to the initial collateral value,
which may be shown as follows:

Security Price, — Purchase Price

Haircut = Security Price, @

The use of excess collateral is shown in the following repo example.

KNOWLEDGE CHECK y

1. Assume the repurchase agreement in Exhibit 4 is subject to a 102%
initial margin.

Calculate the revised original purchase price (loan amount).

Solution: Using an initial margin of 102%, we can solve for a revised pur-
chase price using Equation 1:

Security Price

Initial Margin = ¢ 5=~ Price,’

USD100, 000,000
102% = Purchase Price, -
Purchase Price, = USD98,039,216.

Note that security seller must finance the remaining USD1,960,784 from
other sources.

2. Calculate the associated repo haircut.

Solution: Using Equation 2, solve for the haircut as follows:

Security Price, — Purchase Price

Haircut= Security Price,

USD100,000,000 —USD98,039,216
USD100,000,000

Haircut=

Haircut =1.96%.

3. Calculate the repurchase price using the same 30-day repo term and 0.25%
repo rate.

Solution: The repurchase price may be calculated as follows:

Repurchase price = USD98,039,216x [1 + (0.25% x 30/360)].

Repurchase price = USD98,059,641.

Repos address collateral value changes by granting contract participants the right
to request additional collateral (or release existing collateral) to maintain a security
interest equal to the original initial margin terms. This variable margin payment
(referred to as variation margin) is equal to the difference between current margin
required and the security’s price at time ¢, as shown in Equation 3:

Variation margin = (Initial margin x Purchase price,) — Security Price,. 3)
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For example, a security price decline requires a cash borrower (security seller) to
provide additional collateral to the seller.

KNOWLEDGE CHECK [ f

1. Assume the same repurchase agreement terms from Exhibit 4 and
the previous Knowledge Check. Calculate the variation margin five days
after trade inception if the price of the five-year US Treasury note rises to
103% of the security’s USD100 million face value.

Solution:

Recall the original loan amount (or purchase price at ¢ = 0) is equal to
USD98,039,216, or USD100,000,000/1.02. We may solve for the purchase
price when ¢ = 5 as follows:

Purchase price = USD98,039,216x [1 + (0.25% x 5/360)].

Purchase price = USD98,042,620.
To calculate the variation margin, we use Equation 3:

Variation margin = (Initial margin x Purchase price,) — Security price,.

Variation margin = (102% x USD98,042,620) — USD103,000,000.

Variation margin = —USD2,996,528.

The security price increase to USD103,000,000 resulted in an overcollater-
alization of the loan by USD2,996,528, allowing the cash borrower (security
seller) to request the release of five-year US Treasury notes with a face value
of approximately USD2.91 million (= USD2,996,528/1.03).

Repo contract participants typically agree to margining and other terms, such as
the substitutability of collateral and events of default, in a master repurchase agree-
ment or similar legal document that governs all trades between parties.

Repurchase Agreement Applications and Benefits
Financial market participants use the repo market for three specific purposes:

= Finance the ownership of a security
= Earn short-term income by lending funds on a secured basis

= Borrow a security in order to sell it short

Financial institutions that trade securities often or hold securities inventory
frequently participate in the repo market as security sellers or cash borrowers. For
example, say an investor sells a bond to a bank’s trading desk in exchange for cash. The
bank must pay the investor immediately although it may intend to sell the security to
another party at a later time. To do so, the bank may borrow the purchase price from
another bank or an asset manager in exchange for delivering the bond just purchased.
The repo transaction reduces the bank’s funding requirement for the security to a
fraction (equal to the initial margin) of the bond’s purchase price.

From a security buyer’s perspective, a repo offers a short-term cash investment
on a collateralized basis with minimal liquidity or default risk. Overnight cash repos
with high-quality collateral result in the lowest return; investors can generate higher
returns for longer repo terms or by accepting less liquid or lower quality collateral.
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These investors include banks and other institutions, such as mutual funds or pension
funds. As shown in Exhibit 2, these short-term assets appear on a bank’s balance sheet
as “Securities Purchased under Agreements to Resell or Borrowed”

Central banks are also active participants in the repo market to conduct monetary
policy. While reserve requirements and the outright purchase and sale of securities
are more permanent means of influencing the money supply, repo contracts are
frequently used for shorter-term, transitory policy measures. For example, a central
bank may temporarily increase cash reserves in the banking system by borrowing
securities and lending cash.

Sometimes, a security buyer enters a repo not only to lend cash for interest but
also to use the security for another use. For instance, a hedge fund may take a short
position in a security, with a view that its price will decline. The use of a repo trans-
action to facilitate this transaction is shown in Exhibit 5.

Exhibit 5: Reverse Repos and Short Security Positions

1.) Borrow security
in repo market

Hedge Fund
(Security Buyer)

3.) Buy security in
cash market

Hedge Fund
(Security Purchase)

Purchase

Security Price

Security Cash

Security Seller Securities
(Cash Borrower) Market

4.) Return borrowed

2.) Sell security security in repo

in cash market

Hedge Fund
(Security Sale)

Hedge Fund
(Security Buyer)

market
Cash Security Repurchase Security
Price
Securities Security Seller
Market (Cash Borrower)

Exhibit 5 illustrates this transaction in four steps:
At time ¢t = 0:

1. The hedge fund borrows the security in exchange for cash in a repo
transaction.

2. The hedge fund simultaneously sells the security in the secondary market
and receives cash.
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Attimet=T:

3. The hedge fund purchases the security in the secondary market and pays the
current market price.

4. The hedge fund simultaneously delivers the security at the pre-agreed repur-
chase price for cash to settle the repo.

When viewed from the perspective of the security buyer (cash lender), a repo trans-
action is sometimes referred to as a reverse repurchase agreement or reverse repo.

KNOWLEDGE CHECK y

1. Assume that a hedge fund enters the same repurchase agreement
from Exhibit 4 as the security buyer (cash lender), sells the security short in
the secondary market today, and buys back the security to deliver for repo
settlement in 30 days. For purposes of this example, we exclude initial or
variation margin.

Calculate the hedge fund’s return on the transaction if it is able to purchase
the five-year US Treasury note in 30 days in the secondary market at a price
equal to 99% of the face value.

Solution:
Follow the four steps in Exhibit 5:

1. The hedge fund borrows the five-year US Treasury note priced at
USD100,000,000 today and delivers USD100,000,000 in cash to the
security seller in a repo transaction.

As in Exhibit 4, the hedge fund (security buyer) agrees to return the
five-year Treasury note 30 days from today to the seller at a repur-
chase price of USD100,020,833, calculated (using a 0.25% repo rate) as
follows:

USD100,000,000 x [1 + (0.25% x 30)/360] = USD100,020,833.

2. The hedge fund simultaneously sells the five-year US Treasury note in
the secondary market today and receives USD100,000,000 in cash.

3. In 30 days, the hedge fund purchases the five-year US Treasury note in
the secondary market at the current market price of USD99,000,000.

4. The hedge fund simultaneously delivers the five-year US Treasury note
and receives the pre-agreed repurchase price of USD100,020,833 to
settle the repo.

The hedge fund has therefore earned a return of USD1,020,833 (=

USD100,020,833 - USD99,000,000), ignoring transaction costs. The hedge
fund’s short position yields a profit because the price of the Treasury note
fell over the time period.

Ignoring initial margin and other transaction costs, the hedge fund will earn a
positive return if the short position gain exceeds the repo rate for the period. Note that
such a repo transaction requires delivery of a particular security, known as a special
trade, which occurs at a special collateral rate. When a particular security is subject
to very high borrowing demand, this special repo rate may fall below the general
collateral repo rate or even below zero. Under a negative repo rate, the security buyer
pays interest on cash lent to the cash borrower.
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Repo rates are influenced by several factors, including the following:

=  Money market interest rates: Repo rates are correlated with other short-
term interest rates. Central banks use secured repo markets to influence the
unsecured central bank funds rate.

= Collateral quality: Higher collateral risk increases repo rates. Repo rates
are usually higher for equity securities or emerging market bonds than for
developed market government bonds.

= Repo term: Repo rates generally increase with maturity, because long-term
rates exceed short-term rates under normal market conditions and a longer
term increases credit risk.

= Collateral uniqueness: The higher the demand for a specific security, the
lower the repo rate. The most recently issued or on-the-run developed mar-
ket sovereign bonds typically have the lowest repo rates in a given market.

= Collateral delivery: Repo rates are usually higher when either the cash lent is
undercollateralized or no collateral is provided to the funds lender.

Risks Associated with Repurchase Agreements

Repo markets are a widely used source of short-term funding, with relatively low
borrowing costs relative to other financing available to banks and other financial
institutions. However, repurchase agreements involve a number of structural risks, and
excessive reliance on this form of secured financing under adverse market conditions
can lead to financial distress or insolvency.

Each repo contract participant is exposed to the risk that the other party is unable
to meet its obligations. While the secured nature of repo contracts reduces risk due
to the value of the underlying collateral, several risks are important to consider:

= Default risk: Default risk is the primary exposure under a repo transaction,
despite the existence of collateral. Collateral received from less creditworthy
parties is more likely to be tested under a default scenario and may face
illiquidity, adverse price changes, and legal or operational challenges.

= Collateral risk: In addition to minimizing liquidity and credit risks to ensure
quick and efficient liquidation under a default, the collateral should have
little or no correlation with the credit risk of the repo counterparty in order
to diversify credit exposure.

=  Margining risk: Proper and timely collateral valuation and transfer of vari-
ation margin to minimize collateral shortfalls in the event of liquidation
following a default are important. Such adverse market conditions may also
cause large changes in collateral value, increasing margin calls among mar-
ket participants and forcing further liquidations.

= Legal risk: Addresses the ability to enforce legal rights under a repurchase
agreement.

= Netting and settlement risk: Addresses the ability of repo contract partici-
pants to both offset or net the obligations of a non-defaulting party and take
possession of collateral or cash in settlement of a trade.

In many cases, repo market participants manage these risks by engaging a third
party. Repos executed directly between two parties are called bilateral repos; under a
triparty repo, both parties agree to use a third-party agent for the transaction. While
triparty agents do not change the credit risk relationship between repo participants
in the event of default, they create cost efficiencies by providing access to a larger
collateral pool and multiple counterparties, as well as specializing in the valuation
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and safekeeping of assets. The triparty agent (a custodian or clearinghouse) admin-
isters the transaction and is responsible for cash, securities, collateral valuation, and
management, as well as collateral custody, as shown in Exhibit 6.

Exhibit 6: Bilateral versus Triparty Repo Agreements

Bilateral Repo Transaction

Long-term yield

Party A ¢ Party B
Securities Lender Securities Borrower
Cash Borrower | — — = T T > Cash Lender
Short-term
repo rate

Triparty Repo Transaction

Party A Trade details Party B
Securities Lender Securities Borrower
Cash Borrower Cash Lender

A
Y

Long-term

~N leld Long-term /
~N yie .
N yield P
hort- ~ . -,
s rzrtatrearg Triparty Collateral ~ _ Short-term
P > ~ Agent Holds P s repo rate
A Cash, Securities .
as Custodian

While the repo market represents a more stable funding source than short-term
unsecured financing, both the uncommitted nature of repo markets and their very
short (mostly overnight) maturity give rise to significant rollover and liquidity risks
under adverse market conditions. Financial institutions must balance the low cost of
repo funding with the greater financial flexibility of more costly longer-term financing
alternatives, such as long-term debt and equity. In theory, the collateralized nature
of repo transactions should provide cash lenders comfort to roll existing repo trades.
In practice, financial firms that have lost the confidence of market participants have
faced substantial losses and even bankruptcy during past financial crises due in part
to their heavy reliance on repo financing.

THE FALL OF BEAR STEARNS AND THE REPO MARKET

Bear Stearns was the fifth-largest US investment bank, with USD350 billion in
total assets at the end of 2006 and record revenue of over USD9 billion in that
year. As a major underwriter of mortgage-backed securities (MBS) and subprime
MBS, the firm faced challenges in 2007 as the MBS market deteriorated. The
firm’s losses mounted due to the failure of subprime mortgage hedge funds it
had sponsored in July 2007 and the write-down of over USD2 billion in MBS it
held later in the year, resulting in its first ever quarterly loss and a credit down-
grade at the end of 2007.

At the same time, Bear Stearns significantly reduced its unsecured short-
term funding (from USD25.8 billion at the end of 2006 to USD11.6 billion at the
end of 2007) and specifically its commercial paper (USD20.7 billion to USD3.9
billion) in favor of secured funding—specifically, repo borrowing. As of 10 March
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2008, Bear Stearns had USD18 billion in cash, but within two days, a loss of
confidence due to the credit downgrade of related entities and market rumors
caused this to fall to USD2 billion. Specifically, repo counterparties declined
to roll over or renew repo trades, prime brokerage clients withdrew cash and
securities, and other banks withdrew or refused to extend credit. On Friday, 14
March 2008, Bear Stearns received an emergency Federal Reserve loan against
its securities collateral to prevent its failure, and on Monday, 17 March 2008,
Bear Stearns agreed to be purchased by JPMorgan, which received a loan from
the Federal Reserve.

QUESTION SET [ y

1. Assume that today (¢ = 0) the current US five-year Treasury note
trades at a price equal to the bond’s face value of USD100,000,000. The secu-
rity buyer takes delivery of the US Treasury note today and pays the security
seller a purchase price based on an initial margin of 103%. The repo haircut
is closest to:

A. 0.00%.
B. 2.91%.
C¢. 3.00%.
Solution:

B is correct. Using an initial margin of 103%, the purchase price (loan
amount) is calculated as USD100,000,000/1.03 = USD97,087,379.
The repo haircut is then calculated as

(USD100,000,000 — USD97,087,379)/USD100,000,000 = 2.91%.

2. Assume that today (¢ = 0) the current US five-year Treasury note trades at a
price equal to the bond’s face value of USD200,000,000. The security buyer
takes delivery of the US Treasury note today and pays the security seller a
purchase price based on an initial margin of 102%. Assume a repo term of
15 days (and 360 days in a year) and an annual interest rate (or repo rate) of
0.50%. If the buyer agrees to return the five-year Treasury note 15 days from
today (¢ = T) to the seller, the repurchase price is closest to:

A. USD196,119,281.
B. USD196,160,130.

(. USD200,041,667.
Solution:

A is correct. Using an initial margin of 102%, the purchase price (loan
amount) is calculated as USD200,000,000/1.02 = USD196,078,431.
The repurchase price is then calculated as follows:

USD196,119,281 = USD196,078,431 x [1 + (0.50% x 15)/360].
B is incorrect because it incorrectly uses a repo term of 30 days:
USD196,160,130 = USD196,078,431 x [1 + (0.50% x 30)/360].

C is incorrect because it does not incorporate the initial margin in calculat-
ing the purchase price:

USD200,041,667 = USD200,000,000 x [1 + (0.50% x 15)/360].
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3. Which of the following statements about repos is correct?

A. Financial market participants use the repo market to earn short-term
income by lending funds on a secured basis.

B. Investors can generate higher returns for shorter repo terms.

(. From a security buyer’s perspective, a repo offers a short-term cash
investment on a collateralized basis with significant liquidity or default
risk.

Solution:

A is correct. Financial market participants use the repo market to earn
short-term income by lending funds on a secured basis. B is incorrect
because investors can generate higher returns for longer (not shorter) repo
terms. C is incorrect because from a security buyer’s perspective, a repo
offers a short-term cash investment on a collateralized basis with minimal
(not significant) liquidity or default risk.

4. Which of the following statements about repos is correct?

A. Repo rates are correlated with other short-term interest rates.

B. Repo rates are usually lower for equity securities or emerging market
bonds than for developed market government bonds.

(. Most recently issued or on-the-run developed market sovereign bonds
typically have the highest repo rates in a given market.
Solution:

A is correct. Repo rates are correlated with other short-term interest rates.
Central banks use secured repo markets to influence the unsecured central
bank funds rate. B is incorrect because repo rates are usually higher for eq-
uity securities or emerging market bonds than for developed market govern-
ment bonds. C is incorrect because the most recently issued or on-the-run
developed market sovereign bonds typically have the lowest repo rates in a
given market.

LONG-TERM CORPORATE DEBT

] contrast the long-term funding of investment-grade versus high-yield
corporate issuers

Earlier lessons on corporate issuers addressed the uses of long-term debt, including
more stable funding for short-term activities and long-term needs, such as capital
investments. While corporate issuers face similar capital allocation and capital struc-
ture decisions when issuing long-term debt regardless of their credit quality, differ-
ences in credit give rise to different features and availability of long-term corporate
funding. Recall that corporate issuers categorized as investment grade (IG) have a
stronger capacity to meet future fixed obligations from cash flows, while the ability
of high-yield (HY) issuers to meet debt interest and principal payments is considered
more vulnerable. The relative credit quality of an issuer grows in importance for longer
maturities as the likelihood of financial distress increases over time.
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Similarities between Long-Term Investment-Grade and
High-Yield Issuance

Both issuers and investors considering (non-callable) long-term debt of different
maturities weigh the relative risk associated with a maturity choice against its costs
or yield-to-maturity. Under normal market conditions, longer maturities are associ-
ated with both higher interest rates (yields-to-maturity on government bonds) and
higher credit spreads for a given issuer. This is shown in Exhibit 7 by returning to the
example of BRWA Corporation.

Exhibit 7: Maturity Choices of Long-Term Issuers and Investors

Yield-to-Maturity (%)

BRWA Corporation

3.2% | Government Issuer

2.3% / f

3y 5y Ty Maturity

Exhibit 7 shows a partial yield curve for BRWA’s bonds introduced earlier. Say an
investor with a five-year investment horizon is instead attracted to the higher YTM
of the seven-year BRWA bond. By investing in a bond whose maturity exceeds its
planned investment horizon, the investor takes on the price risk of selling what will be
a two-year bond in five years’ time. Also note that the investor faces reinvestment risk,
or the possibility that prevailing market interest rates at which the investor may invest
funds received are lower than the original bond coupon rate. As an issuer, BRWA may,
in contrast, be attracted to the lower YTM of a potential three-year issuance to fund a
five-year project. However, in doing so, BRWA assumes rollover risk, or the possibility
of having to refinance at higher interest rates when these bonds mature in three years.
While these trade-offs for both investors and issuers exist for investment-grade and
high-yield issuers alike, higher spreads associated with high-yield debt increase the
risk-versus-return trade-off for issuers of lower credit quality. The change in a bond’s
price for a given change in yield for different maturities and investor returns over a
specific horizon will be addressed in detail in later lessons.

Differences between IG and HY Issuance

The differences between investment-grade and high-yield corporate bonds go well
beyond simply a difference in credit spreads to compensate investors for assuming more
or less default risk. Exhibit 8 summarizes the differences between IG and HY bonds.
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Exhibit 8: IG versus HY Bonds

Bond Features Analytical Approach

Lower YTM proportion
due to credit spreads

Fewer issuer restrictions Use financial ratios and credit
ratings to determine if/when
Unlikely to default 1G issuer's likelihood of

default will change

Bond-like cash flows

Equity-like cash flows

Higher YTM proportion
due to credit spreads

Consider likelihood of default
and potential loss given default
given covenants, restrictions

Issuer restrictions and/or )
and/or security

bonds secured by assets

More likely to default

Given their strong ability to meet promised interest and principal obligations
from operating cash flows, a significant proportion of the yield-to-maturity on an
investment-grade bond is attributed to the government benchmark yield. High investor
confidence that an IG issuer will be able to make debt service payments over time
from operating cash flows typically allows these borrowers to issue debt with rela-
tively little monitoring from bondholders throughout the debt term. Issuers are able
to take advantage of a high degree of flexibility in choosing debt maturities (usually
up to 30 years), which are accepted by investors with few or no restrictive covenants,
as shown in Exhibit 9.

Exhibit 9: BRWA Restrictive Covenants

Short-Term
Debt

Variable
Current Assets

Permanent
Current Assets

Long-Term 3.2% BRWA
Debt Five-Year Notes
Lien
Limitations

Long-Term
Assets

Sale Leaseback
Limitations

Equity
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Because BRWA’s senior unsecured notes rely solely on operating cash flows as
a source of repayment, the restrictions on these investment-grade bonds are
limited to those that broadly protect investor claims to the company’s assets by
preventing their sale and leaseback or pledge to a third party.

Investment-grade bonds are relatively standardized debt instruments, and issuers
often have numerous general obligation unsecured bonds outstanding based on similar
terms with different maturities at any given time. The most frequent IG debt issuers
often minimize refinancing risk by staggering debt maturities over time, reducing
rollover risk while preserving the ability to opportunistically raise more debt if market
conditions allow.

High-yield issuers are characterized by a higher expected likelihood of financial
distress, with a higher proportion of a bond’s YTM attributed to an issuer-specific
spread over the benchmark yield than for IG debt. Given the higher chance of default,
these instruments are more equity-like in nature (i.e., uncertain cash flows) and analysts
place a greater emphasis on the potential loss given default and the protections and
secondary repayment sources that are available. As a result, investors generally impose
more constraints on high-yield issuers. The debt covenants in a bond’s indenture (or
loan covenants in a loan agreement) establish the ability to monitor issuer financial
performance based on predetermined criteria, allowing lenders to take actions to
restructure debt or preserve creditor claims as needed. Exhibit 10 shows the restrictive
covenants for VIVU’s 6.5% seven-year callable bonds.

Exhibit 10: VIVU Restrictive Covenants

Revenue
Cost of
Goods Sold
Debt/EBITDA
EBITDA [ ebU/EB
Restriction
Depreciation
Debt Interest Coverage
Service Ratio Restriction

Taxes 6.5% VIVU
Seven-Year

Callable Notes

Permanent
Current Assets
Long-Term

Additional Debt Debt

Net Income Restrictions

Long-Term
Assets

Dividend/Distribution Pledge of Long-
Restrictions Term Assets Equity

In contrast to BRWA’s IG debtholders, who hold a general obligation unsecured
bond and rely on operating cash flows as the source of repayment, as secured deb-
tholders, VIVU investors hold a claim to specific pledged assets. This secondary
repayment source aims to minimize losses in the more likely event of a default.
The indenture also establishes limitations on additional debt and restrictions
related to the level of debt versus operating cash flows and the distribution of
net income to shareholders.

These investor restrictions and constraints result in far less HY issuer flexibility
and market availability than for IG issuers. For example, VIVU’s indenture introduced
earlier prohibited the company from issuing additional debt under certain conditions
unless the new debt is either subordinated or consists of short-term working capital
up to 20% of the principal amount of notes outstanding. HY issuers also face limita-
tions on debt maturities, which are typically shorter in maturity (10 years or less) and
face greater fluctuations in both issuer-specific credit spreads and market availability
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over the economic cycle. Instead of financing opportunistically as market conditions
allow, HY firms often must restructure debt and renegotiate covenants in order to
take advantage of lower borrowing costs.

Issuers in the high-yield market often seek to retain financial flexibility by borrowing
under leveraged loans with prepayment features or issuing bonds with contingency
features. Recall that issuers of callable debt establish the right to redeem all or part of
a bond prior to maturity at a fixed price. In the earlier VIVU example, the company
issued 6.5% debt for seven years but owned the right to redeem bonds starting three
years after issuance at an initial fixed price of 103.25% of principal. Borrowers who
believe their creditworthiness will improve frequently choose to issue callable debt,
because the value of this contingency feature rises as a firm’s borrowing costs fall.
Note that high-yield investors also benefit from higher bond prices (lower yields)
as issuer-specific credit spreads fall, but in the case of callable debt, these gains are
capped at the call price. For example, if VIVU were able to issue new debt in three
years’ time with financing cost savings that exceed the 3.25% call premium in present
value terms, it would make sense for VIVU to call the bonds and issue new debt at
a lower YTM. The relationship between the prices and yields of callable bonds and
the different outcomes for high-yield issuers and investors are covered in detail later
in the curriculum.

An important exception in the high-yield bond market is formerly investment-grade
issuers known as “fallen angels,” introduced earlier. While these borrowers’ likelihood
of financial distress is similar to that of other high-yield issuers, their outstanding debt
has investment-grade features; that is, it is typically non-callable, with few restric-
tions and covenants and longer maturities. The reason for this is that the bonds were
issued to investment-grade bond investors at a time when the borrower was highly
rated. The subsequent deterioration in issuer credit quality results in losses to the
original investors, many of whom must divest these bonds because they no longer
meet minimum rating requirements for their portfolios. This can result in significant
price deterioration because the market for high-yield bonds is a fraction of the size
of the market for investment-grade bonds.

QUESTION SET [ f

1. For a given issuer, longer maturities are typically associated with:

A. lower interest rates and lower credit spreads.
B. lower interest rates and higher credit spreads.

C. higher interest rates and higher credit spreads.
Solution:

C is correct. Under normal market conditions, longer maturities are asso-
ciated with both higher interest rates and higher credit spreads for a given
issuer. A and B are incorrect because longer maturities are typically associ-
ated with higher interest rates and higher credit spreads.

2. Which of the following is a reason why a high-yield issuer may elect to issue
equity as opposed to bonds?

A. High-yield bond maturities are limited to 30 years or less.

B. High-yield issuers face numerous restrictions when issuing debt.
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(. High-yield bond analysts use financial ratios and credit ratings to
determine when a high-yield issuer’s credit rating is likely to change.
Solution:

B is correct. High-yield issuers face numerous restrictions when issuing
debt; however, there are limited restrictions when issuing equity. A is incor-
rect because high-yield bond maturities tend to be limited to 10 years (not
30 years) or less whereas there is no maturity date on equity. C is incorrect
because investment-grade bond analysts use financial ratios and credit
ratings to determine when an investment-grade issuer’s credit rating is likely
to change.

3. Relative to investment-grade bonds, high-yield bonds exhibit:

A. less market availability.
B. more bond-like cash flows.

(. fewer constraints by investors.
Solution:

A is correct. Investor restrictions and constraints on HY issuers lead to less
market availability than for IG issuers. B is incorrect because high-yield
bonds exhibit more equity-like cash flows. C is incorrect because high-yield
bonds exhibit more restrictions and constraints by investors.

4. Which of the following statements about high-yield bonds relative to invest-
ment-grade bonds is correct?

A. High-yield bonds have more bond-like cash flows.
B. Investment-grade bonds have greater issuer restrictions.

(. High-yield bonds have a higher proportion of YTM attributed to a
credit spread.
Solution:

C is correct. High-yield bonds have a higher proportion of YTM attributed
to a credit spread, while investment-grade bonds have a lower proportion of
YTM attributed to a credit spread. A is incorrect because high-yield bonds
have more equity-like cash flows while investment-grade bonds have more
bond-like cash flows. B is incorrect because investment-grade bonds have
fewer issuer restrictions than high-yield bonds.

5. Which of the following statements about fallen angels is correct?

A. Their outstanding debt has high-yield bond features.

B. Their likelihood of financial distress is similar to that of other high-
yield issuers.

C. The improvement in issuer credit quality results in gains to the origi-
nal investors.
Solution:

B is correct. Fallen angels’ likelihood of financial distress is similar to that of
other high-yield issuers. A is incorrect because their outstanding debt has
investment-grade (not high-yield) bond features; they are typically non-call-
able, with few restrictions and covenants and longer maturities. C is incor-
rect because the deterioration (not improvement) in issuer credit quality
results in losses (not gains) to the original investors, many of whom must
divest these bonds because they no longer meet minimum rating require-
ments. This can result in significant price deterioration because the high-
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yield bond market is a fraction of the size of the investment-grade bond
market.




© CFA Institute. For candidate use only. Not for distribution.
102 Learning Module 4 Fixed-Income Markets for Corporate Issuers

PRACTICE PROBLEMS

1. Which of the following is a benefit to a bank that makes short-term loans and
issues asset-backed commercial paper?

A. The bank receives commercial paper when the ABCP is issued.

B. Capital costs are reduced by providing undrawn backup liquidity instead of
holding the short-term loans to maturity.

C. The bank purchases a liquid, short-term note with interest and principal
payments from a short-term loan portfolio to which it would otherwise not
have direct access.

2. Ewing Corp. is a large corporation that has an existing relationship with Syc-
amore Bank. Ewing is seeking short-term financing from a committed line of
credit; however, Sycamore will offer only an uncommitted line of credit. Which
of the following best supports Sycamore’s decision?

A. Sycamore will receive an upfront commitment fee on the uncommitted line

of credit.

B. Sycamore will require less bank capital for the uncommitted line than for
the committed line of credit.

(. Sycamore can form a syndicate to reduce the amount of committed capital
needed under an uncommitted line of credit.

3. Assume that today (¢ = 0) the current US five-year Treasury note trades at a price
equal to the bond’s face value of USD50,000,000. The security buyer takes deliv-
ery of the US Treasury note today and pays the security seller USD50,000,000.
Assume a repo term of 45 days (and 360 days in a year) and a repo rate of 0.375%.
If the buyer agrees to return the five-year Treasury note 45 days from today (¢ =
T) to the seller, the repurchase price is closest to:

A. USD50,015,625.
B. USD50,023,438.

(. USD50,187,500.

4. A transaction where a hedge fund enters into a repo by taking a short position
in a security with a view that its price will decline relative to the price of another
security held is best described as:

A. areverse repo.
B. a triparty repo.

C. financing the ownership of a security.

5. Which of the following is not a reason why issuers elect to issue long-term debt
as opposed to short-term debt?

A. More stable funding for short-term activities

B. Lower interest rates for longer maturities for a given issuer
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C

More stable funding for long-term needs, such as capital investments

6. Which of the following statements about high yield is correct?

A.

High-yield investors benefit from higher bond prices as issuer-specific credit
spreads fall, but in the case of callable debt, these gains are capped at the
original purchase price.

Issuers in the high-yield market seek to retain financial flexibility by borrow-
ing under leveraged loans with prepayment features or issuing bonds with
contingency features.

Issuers who believe that their creditworthiness will decline frequently
choose to issue callable debt, because the value of this contingency feature
rises as a firm’s borrowing costs rise.
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SOLUTIONS

1. Bis correct. The bank will reduce capital costs by providing undrawn back-
up liquidity instead of holding the short-term loans to maturity. A is incorrect
because the bank receives cash when the ABCP is issued, which increases the
bank’s return. C is incorrect because investors purchase a liquid, short-term note
with interest and principal payments from a short-term loan portfolio to which it
would otherwise not have direct access.

2. Bis correct. Committed lines require more bank capital than uncommitted lines,
although commitments of less than a year (usually 364 days) minimize a bank’s
capital requirement. A is incorrect because Sycamore will receive an upfront
commitment fee on a committed line of credit. C is incorrect because Sycamore
can form a syndicate to reduce the amount of committed capital needed under a
committed line of credit.

3. Bis correct. USD50,023,438 is calculated as:
USD50,000,000 x [1 + (0.375% % 45/360)] = USD50,023,438.

In effect, the security seller borrows USD50,000,000 on a short-term basis at a
low cost, with interest (USD23,438) paid at maturity, because the loan is collater-
alized by the US Treasury note.

A is incorrect because a repo term of 30 days, as opposed to 45 days, is incorrect-
ly used:

USD50,000,000 x [1 + (0.375% x 30/360)] = USD50,015,625.
Cis incorrect because the repo term and number of days in a year are not used:

USD50,000,000 x (1 + 0.375%) = USDS50,187,500.

4. A is correct. When viewed from the perspective of the security buyer (cash
lender), a repo transaction is referred to as a reverse repurchase agreement or
reverse repo. B is incorrect because under a triparty repo, both parties agree to
use a third-party agent for the transaction. C is incorrect because financing the
ownership of a security is not the purpose undertaken by the hedge fund.

5. Bis correct. Under normal market conditions, longer maturities are associated
with both higher interest rates (yields-to-maturity on government bonds) and
higher credit spreads for a given issuer. A is incorrect because long-term debt
provides more stable funding for short-term activities. C is incorrect because
long-term debt provides more stable funding for long-term needs, such as capital
investments.

6. Bis correct. Issuers in the high-yield market often seek to retain financial flex-
ibility by borrowing under leveraged loans with prepayment features or issuing
bonds with contingency features, such as callable debt. A is incorrect because
high-yield investors benefit from higher bond prices as issuer-specific credit
spreads fall, but in the case of callable debt, these gains are capped at the call
price and not the original purchase price. C is incorrect because issuers who
believe that their creditworthiness will not decline frequently choose to issue
callable debt, because the value of this contingency feature rises as a firm’s bor-
rowing costs fall.
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Fixed-Income Markets for
Government Issuers

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] describe funding choices by sovereign and non-sovereign
governments, quasi-government entities, and supranational agencies

] contrast the issuance and trading of government and corporate
fixed-income instruments

INTRODUCTION

In this module, we complete the review of major fixed-income sectors by focusing on
public sector issuers, including sovereign and non-sovereign governments, and how
they differ from private sector issuers. Sovereign governments are distinguished by
their right to tax within a jurisdiction, while non-sovereign, quasi-government, and
supranational issuers may rely on local taxes, fee-based revenue, or other sources of
repayment. Sovereign debt issuance is usually conducted through scheduled public
auctions, with a different role for financial intermediaries than in private sector issu-
ance. Sovereign debt securities are the most common benchmark securities used in
pricing and valuation analyses for fixed-income instruments.

LEARNING MODULE OVERVIEW

= National or sovereign government issuers are distinguished by
their legal authority to establish and maintain a country’s pub-
lic goods and services, as well as their ability to tax economic activity
in their jurisdictions. Developed market sovereign issues are charac-
terized by a strong, stable, well-diversified domestic economy, and
emerging market sovereign issuers are usually characterized by higher
growth but less stable and less well-diversified economies subject to
greater fluctuations over the economic cycle.

= Sovereign debt issues include short-term securities (with maturities
ranging from 1 to 12 months), medium- and long-term notes and
bonds, and bonds that are guaranteed but not directly issued by the
sovereign government.
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= Issuance of sovereign debt usually takes the form of a public auction
using standard procedures led by the national treasury or finance min-
istry, while corporate debt issuances are managed by investment bank
underwriters on behalf of issuers. Sovereign governments designate a
group of financial intermediaries as primary dealers that are required
to participate in all auctions with competitive prices.

=  Once a government debt auction is announced, prospective investors
submit competitive or non-competitive bids. Once issued, sovereign
debt is usually traded in a manner similar to private sector debt securi-
ties, primarily in OTC markets through financial intermediary broker/
dealers.

= The level and type of non-sovereign government funding vary widely
among countries, depending on whether specific goods and services
are provided and financed at the national, regional, or local level.

= Agencies are quasi-government entities that issue debt in order to
fund the government-sponsored provision of specific public goods or
services based on sovereign or local law. Supranational organizations
are created and supported by sovereign governments in pursuit of a
common objective.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of this learning module.

1. Complete the sentence by selecting the correct words from the options
given.

A nation’s fiscal policy determines the (level/composition) of sovereign debt
through central government spending, and government debt management
policies address the (level/composition) of sovereign debt—that is, short
term versus long term, as well as other features.

Solution:

A nation’s fiscal policy determines the level of sovereign debt through
central government spending, and government debt management policies
address the composition of sovereign debt—that is, short term versus long
term, as well as other features.

2. The issuer ranks bids by prices, choosing bids from highest to lowest until
the desired issuance amount is reached, for:
A. single-price auctions.
B. multiple-price auctions.

(. single-price and multiple-price auctions.
Solution:

Cis correct. For both a single-price and a multiple-price auction, the issuer
ranks bids by prices, choosing bids from highest to lowest until the desired
issuance amount is reached.
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3. Compare the role of financial intermediaries when engaging with sovereign
issuers versus corporate debt issuers.

Solution:

Sovereign issuers engage with financial intermediaries, like corporate debt
issuers, but in a different form. Sovereign governments designate a group of
financial intermediaries as primary dealers that are required to participate
in all auctions with competitive prices, often serve as the central bank’s
counterparty for open market operations, and facilitate the purchase and
sale of government debt by foreign central banks and other indirect bidders.
Corporate debt issuances, in contrast, are managed by investment bank
underwriters on behalf of issuers.

4. The ability of government issuers to access fund-
ing across maturities is affected by the predictability and stability of sources
of repayment.

A. Sovereign
B. Non-sovereign

(. Both sovereign and non-sovereign
Solution:

C is correct. Borrowing costs and access to financing for both sovereign and
non-sovereign government issuers are affected by their credit quality.

5. Identify the following statement as true or false. Justify your answer.

Sovereign agencies, such as the Airport Authority of Hong Kong (AAHK)
and the Government National Mortgage Association (Ginnie Mae), benefit
from the full liquidity premium associated with sovereign debt.

Solution:

False. While each of these sovereign agencies is typically able to borrow at a
yield-to-maturity near that of their sovereign guarantor, neither will benefit
from the full liquidity premium associated with sovereign debt.

SOVEREIGN DEBT

] describe funding choices by sovereign and non-sovereign
governments, quasi-government entities, and supranational agencies

National or sovereign government issuers are distinguished by their legal authority
to establish and maintain a country’s public goods and services and their ability to
tax economic activity in their jurisdiction. Additional sources of repayment for their
debt obligations include tariffs, usage fees, and cash flows from government-owned
enterprises. The size and scope of public goods and services provided by national,
versus regional or local, governments vary widely among markets, as does the degree
of government involvement in the economy. Similar to private sector issuers, a gov-
ernment’s “economic balance sheet” may be used to illustrate the sources and uses
of funding, as shown in Exhibit 1, which also includes activities of the central bank.
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Exhibit 1: Government “Balance Sheet”
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While private issuers prepare and file periodic financial statements in accordance with
generally accepted accounting principles (GAAP), public sector financial accounting
standards vary widely and are often prepared using cash, rather than accrual-based,
principles, typically excluding such items as the depreciation of fixed public goods,
such as federal highways, or the accrual of unfunded liabilities, such as government
pension obligations. In contrast, the economic balance sheet in Exhibit 1 includes
expected future claims and obligations and is therefore of greater relevance for public
versus private sector issuers.

The relative size of the government sector as a proportion of the domestic econ-
omy varies widely among nations, and the allocation of these activities between the
national government itself, quasi-government agencies, and local governments also
differs among countries. As a result, this gives rise to non-sovereign issuers based in
the same jurisdiction as the sovereign issuer, a topic discussed in Lesson 3.

A key distinction among national government issuers is the difference between
developed market and emerging market sovereign issuers.

= Developed market (DM) sovereign issuers: DMs are characterized by a
strong, stable, well-diversified domestic economy. DM national government
budgets primarily comprise consistent, recurrent outlays financed with
broad-based individual and business tax cash flows, resulting in stable and
transparent fiscal policy. DM fixed-income securities are denominated in a
major currency commonly held in reserve by foreign governments. These
features allow DM sovereign governments to issue what is often referred to
as default-risk-free debt with unconstrained market access across the matu-
rity spectrum.

»  Emerging market (EM) sovereign issuers: EMs are usually characterized by

higher growth but less stable and less well-diversified economies subject
to greater fluctuations over the economic cycle. EMs often depend on a
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dominant domestic industry or industries, such as commodities, and may
involve more state-owned or state-controlled enterprises. Central govern-
ment budget priorities may involve investments to expand economic and
social infrastructure that exceed current domestic tax cash flows, giving
rise to external or supranational funding. EM sovereign debt securities are
often denominated in a restricted domestic currency, or one with limited
convertibility into other currencies due to illiquidity. Currency restrictions
may limit foreign investment and constrain access to longer-term maturities
in domestic currency.

In the case of emerging market sovereign issuers, it is important to further dis-
tinguish between domestic debt issued in the domestic currency and external debt,
or debt owed to foreign creditors. Sovereign bonds issued in domestic currency are
often held mostly by domestic financial institutions and other domestic investors.

External debt of emerging and frontier market sovereign issuers comprises debt
from supranational financial organizations and debt issuance denominated in a foreign
currency held by foreign private investors. Earlier modules cited examples of emerging
market sovereign Eurobond issuance, such as Romania’s euro-denominated bond and
the quasi-government PT Indonesia Infrastructure Finance US dollar—-denominated
bond. Investors based in developed markets who purchase these bonds do not face
the same direct currency risk as for domestic currency emerging market sovereign
debt. However, they face indirect exposure to currency fluctuations, because their
returns depend on an issuer’s ability to generate foreign currency revenue through
international capital, goods, and services flows sufficient to meet foreign currency
interest and principal payments. The following example highlights the case of the
government of Sri Lanka’s external debt.

GOVERNMENT OF SRI LANKA EXTERNAL DEBT

In May 2022, Sri Lanka became the first Asia-Pacific country in many years
to default on its external debt when it failed to make USD78 million in for-
eign currency interest payments following a 30-day grace period. Sri Lanka’s
government debt rose sharply in the years preceding the default due in large
part to infrastructure projects financed by global debt markets, supranational
agencies, and major trading partners. Total government debt outstanding rose
from 87% of Sri Lanka’s GDP to over 100% in 2020, while both its economy and
foreign currency reserves shrank during that year due to a collapse in tourism
and declining remittances from citizens working abroad. Higher inflation and
commodity prices in the wake of the 2022 war in Ukraine compounded the
country’s external debt problems and ultimately led to default.
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Sri Lanka’s External Debt, 2021
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Note: “Market Debt” is primarily international sovereign bonds denominated
in US dollars and owned by foreign private investors, including mutual funds.
Sources: Government of Sri Lanka, Department of External Resources (www.erd.gov.lk). Lilian
Karunungan and Amelia Pollard, “Sri Lanka Falls into Default for the First Time Ever,” Bloomberg
(19 May 2022). Bank for International Settlements, “Debt Securities Statistics” “Infrastructure
Financing in Sri Lanka: Lessons Learnt and Future Collaborations,” European Institute for Asian
Studies Policy Brief 16/2021.

A nation’s fiscal policy determines the level of sovereign debt through central
government spending, including both budgetary requirements and debt service costs,
against tax receipts, fees, and revenue from government-owned enterprises or other
sources. Government budget deficits increase the need for borrowing while surpluses
reduce borrowing needs. Forecasts of sovereign debt levels must consider not only
changes in fiscal policy but also the sensitivity of expenditures and revenues to changes
in economic growth and inflation.

Government debt management policies address the composition of sovereign
debt—that is, short term versus long term, as well as other features. Sovereign debt
issues include the following:

= Short-term securities (with maturities ranging from 1 to 12 months), often
known as Treasury bills, which are usually zero-coupon instruments sold at
a discount to par.

=  Medium- and long-term securities often known as Treasury notes and
bonds. Fixed-rate coupon instruments in the domestic currency are most
common, but sovereigns also issue floating-rate, inflation-linked, and foreign
currency instruments.

= While not acting as the issuer, some sovereign governments guarantee cer-
tain other instruments that, in effect, make them a type of sovereign debt.
The most prominent example is mortgage-backed securities, especially in
the United States, that conform to certain criteria. Such instruments will be
discussed in detail later.

Given the sovereign right to levy taxes on economic activity, national governments
represent the lowest default risk among domestic currency issuers and are usually the
largest bond issuer in a domestic market.

Recall from earlier in the corporate issuers reading that the Modigliani—Miller
(MM) theorem stated that under certain strict conditions, a company’s choice of
capital structure is irrelevant in determining the present value of the firm’s expected
future cash flows. In the case of sovereign government debt, the Ricardian equivalence
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theorem introduced in an earlier economics lesson, which was based on similar sim-
plified assumptions, gives an analogous result: a government’s choice of debt maturity
is irrelevant in determining the present value of future tax cash flows.

Under Ricardian equivalence, taxpayers expect government debt to be offset by
higher future taxes, suggesting that a sovereign government should be indifferent
between collecting taxes today or raising debt of any maturity based on the following
assumptions:

= Taxpayers smooth consumption over time, saving expected future taxes
today for future payment.

= Taxpayers form rational expectations that today’s tax cuts will result in
future tax increases.

= Capital markets are perfect with no transaction costs, and taxpayers can
freely borrow and lend.

= Taxpayers are altruistic on an intergenerational basis; that is, they pass on
tax savings to descendants.

The relaxation of these Ricardian equivalence assumptions to allow imperfect
capital markets and friction costs between bond investors and taxpayers gives rise to
debt management policies that offer liquidity benefits to investors and other issuers
across the maturity spectrum.

For example, short-term government issuance provides investors with a high
degree of liquidity and safety and often substitutes for bank deposits. Under normal
market conditions, the prices of these very short-term government securities involve
a liquidity premium; that is, their yields-to-maturity will tend to be lower than they
otherwise would be in the absence of this liquidity benefit. While short-term sovereign
debt is typically issued at regular intervals (discussed later) and standard maturities,
government issuers have a high degree of flexibility to alter the size of these periodic
auctions to manage uncertain cash flows, such as near-term tax receipts or unforeseen
funding needs.

Strict adherence to Ricardian equivalence assumptions suggests that governments

should fund themselves with the shortest possible maturity to minimize borrowing
costs and avoid paying any term premium associated with longer-term interest rates.
However, similar to the example of corporate bonds in the prior module, excessive
government reliance on short-term funding introduces rollover risk, or uncertain
refinancing costs, increasing the variability of budget costs and therefore tax rates.
Since taxpayers are unable to perfectly smooth consumption over time nor do they
form rational expectations about current versus future taxes across generations,
fiscal instability creates uncertainty in future tax rates and threatens the stability of
economic growth over time. Therefore, in practice, governments seek to minimize
interest rate and rollover risks by distributing debt across maturities, while issuing
debt in regular, predictable intervals.
Fiscal policies differ significantly across the 38 OECD member countries, but their
sovereign debt maturity structures have shown far less variance. At the end of 2021,
the weighted average maturity across the OECD was just over one year higher than
the average at the end of 2007. Long-term debt represented 85% of total sovereign
debt outstanding, largely unchanged since 2007, while annual issuance was evenly
split between short and long term (short-term debt must be issued more frequently
because it matures sooner). This time frame includes two major recessions and sig-
nificant sovereign debt issuance.
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Average Time to Maturity of OECD Nations’ Sovereign Debt Outstanding
(Years)
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Source: OECD, “OECD Sovereign Borrowing Outlook 2022” (2022). https://doi.org/10.1787/
b2d85ea7-en.

The use of medium- and long-term sovereign funding issuance must balance the
trade-off of higher borrowing costs with greater fiscal stability, while considering
liquidity or other benefits of issuing bonds with the lowest default risk across the
maturity spectrum.

The benefits of issuing sufficient longer-term sovereign government securities to
maintain liquidity across maturities include the following:

» Establishment of a risk-free benchmark for all debt of specific maturities: The
first fixed-income module demonstrated the use of sovereign bond yields to
calculate an issuer’s credit risk premium. Government debt policies often
mandate the regular issuance of benchmark securities across maturities to
increase capital market efficiency and transparency for private issuers.

= Use in managing and hedging market interest rate risk: Market partici-
pants such as financial intermediaries and asset managers use medium- to

long-term government securities and related derivatives to manage interest
rate risk separately from credit risk.


https://doi.org/10.1787/b2d85ea7-en
https://doi.org/10.1787/b2d85ea7-en

© CFA Institute. For candidate use only. Not for distribution.

Sovereign Debt

Preferred use as collateral in repo and derivative transactions: Longer-term
government securities are the most common form of collateral for both repo
and derivative transactions due to their high degree of liquidity and safety.
Recall from the prior learning module that repurchase agreements offer
security sellers a means of financing and offer security buyers a short-term
collateralized investment with relatively little liquidity or default risk.

Government bond use in monetary policy and foreign exchange reserves:
Recall from an earlier lesson that central banks use government securities
in fulfilling their monetary policy mandate, which includes the outright
purchase and sale of securities and repo contracts with government bonds
as collateral. Given their high degree of liquidity and safety, foreign market
participants often hold their foreign currency reserves in the form of liquid
foreign government bonds.

While sovereign governments seek to maintain regular and predictable bond
market access across maturities, changes in the amount of debt, the level of deficits,
and the difference between short- and long-term interest rates lead to changes in debt
management policy, as shown in the following example.

THE

US TREASURY'S 30-YEAR BOND

In October 2001, the United States stopped issuing 30-year Treasury bonds due

to

cost concerns related to paying interest on the notes. At the time, Treasury

officials saw a reduced need for future borrowing because the U government
was posting a budget surplus. The move stunned the markets and resulted in the
largest one-day price move in years due to supply concerns. In prior years, the
Treasury Department suspended the three- and seven-year issues. The 10-year
Treasury became the de facto benchmark for measuring the performance of
long-term bonds during the suspension of the 30-year bond. Issuance of the
30-year US Treasury bond resumed in February 2006 to cover deficits created
by tax cuts and war spending.

Sources: Wall Street Journal, “Yields Plunge after Treasury Halts Issue of 30-Year Bonds” (31
October 2001). www.wsj.com/articles/SB1004542963185681400

TSC Staff, “Treasury to Resume 30-Year Bond on Feb. 9,” TheStreet (2 November 2005). www
.thestreet.com/markets/rates-and-bonds/treasury-to-resume-30-year-bond-on-feb-9-10250971

QUESTION SET [ y

1.

Identify the following statement as true or false. Justify your answer.

Emerging market external sovereign debt is denominated in a foreign
currency.

Solution:

False. Although EM sovereigns do issue debt in foreign currencies to
increase demand by foreign investors who desire less currency risk, many
EM sovereigns have external debt denominated in their domestic currency
as well, especially those with currencies that have exhibited exchange rate
stability.
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2. US-based investors of US dollar—denominated external sovereign debt can
still face exposure to currency risk because:

A. sovereign fixed-income securities are denominated in freely floating
domestic currencies.

B. the issuer’s credit rating may be downgraded.

C. the issuer must be able to generate foreign currency revenue.
Solution:

C is correct. Investors based in developed markets who purchase external
debt of emerging and frontier market sovereign issuers face indirect expo-
sure to currency fluctuations, because their returns depend on an issuer’s
ability to generate foreign currency revenue to meet foreign currency
interest and principal payments through international capital, goods, and
services flows.

3. Explain why national governments represent the lowest default risk among
domestic currency issuers.

Solution:
National governments are distinguished by their sovereign right to generate
tax cash flows from economic activity within a jurisdiction, unlike private

sector issuers that rely on operating cash flows and secondary sources of
repayment, such as asset sales, to service debt obligations.

4. Due to their high degree of liquidity and safety, the most common form of
collateral for both repo and derivative transactions is:
A. shorter-term government securities.
B. medium-term government securities.

(. longer-term government securities.
Solution:

Cis correct. Longer-term government securities are the most common
form of collateral for both repo and derivative transactions due to their high
degree of liquidity and safety.

5. A sovereign government faced with growing deficits and concerns about
rollover risk would most likely:

A. lower tax rates.
B. stop servicing the debt.

(. issue medium- to long-term securities.
Solution:

C is correct. Government budget deficits increase the need for borrowing

at a higher level while surpluses reduce borrowing needs. Excessive govern-
ment reliance on short-term funding introduces rollover risk, or uncertain
refinancing costs, increasing the variability of budget costs and therefore

tax rates. Therefore, in practice, governments seek to minimize interest

rate and rollover risks by distributing debt across maturities while issuing
debt in regular, predictable intervals. A is incorrect because taxes should be
raised, not lowered, in such a scenario. B is incorrect because such an action
would put the government in default, with severe consequences for its credit
standing and its ability to meet fiscal policy commitments.
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SOVEREIGN DEBT ISSUANCE AND TRADING

] contrast the issuance and trading of government and corporate
fixed-income instruments

In contrast to the opportunistic nature of corporate debt issuance managed by invest-
ment bank underwriters on behalf of issuers, issuance of sovereign debt usually takes
the form of a public auction led by the national Treasury or finance ministry.

Once a government debt auction is announced, prospective investors submit
competitive or non-competitive bids. A competitive bidder specifies an acceptable
price and number of securities to be purchased. If the price determined at auction is
above the bid, a competitive bidder will not be offered any securities. In contrast, a
non-competitive bidder agrees to accept the price determined at auction and always
receives securities.

A competitive bid process is either a single-price auction or multiple-price
auction. In both cases, the issuer ranks bids by prices, choosing bids from highest to
lowest until the desired issuance amount is reached. Under a single-price auction, all
winning bidders pay the same price and receive the same coupon rate for the bonds
regardless of their bid. In contrast, a multiple-price auction process generates differ-
ent prices among bidders for the same bond issue. The single-price auction process
may result in a lower cost of funds and broader distribution among investors, while
multiple-price auctions may result in a narrower distribution of large bids because
investors must accept bonds at their bid price.

A single-price auction process has four phases:

1. The auction is announced by the government debt management office,
which includes information about the bond issue, such as the amount and
type of securities being offered, the auction and issue dates, the maturity
date of the bonds, and bidding times.

2. Dealers, institutional investors, and individuals make bids. Bids can be com-
petitive or non-competitive.

3. All non-competitive bids are accepted while competitive bids are ranked
starting at the lowest yield (highest bond price). The highest yield that fills
the offering amount, counting from the bottom, is the “cut off” All securities
are sold for a single price, using this stop yield. Competitive bidders who bid
higher than this yield (lower price) do not purchase any securities. Results
are announced publicly, as shown in Exhibit 2.

4. Securities are delivered to the non-competitive and winning competitive
bidders in exchange for proceeds.

Exhibit 2: 30-Year Singapore Government Bond Auction Announcement and

Results

On 8 September 2021, the Monetary Authority of Singapore announced an
auction of SGD2.6 billion of 30-year Singapore government bonds.

The Monetary Authority of Singapore
21 September 2021
Application for Taxable Book-Entry Singapore Government Bonds

Tenor: Approximately 30 Years
Total Amount Offered: SGD2,600,000,000
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The Monetary Authority of Singapore
21 September 2021
Application for Taxable Book-Entry Singapore Government Bonds

Issue/Settlement Date: 1 October 2021

Maturity Date Amount: 1 October 2051

Coupon Rate: To be determined based on the cut-off yield of successful
applications

Yield and Price: To be determined at the auction

Coupon Payment Dates: 1 October and 1 April

Method of Sale: Uniform-price auction

Bids must be submitted through primary dealers.

The results were announced shortly after the auction on 28 September 2021.

The Monetary Authority of Singapore
28 September 2021
Results of Auction of Taxable Book-Entry Singapore Government Bonds to Be Issued
1 October 2021

Tenor: Approximately 30 years
Total amount allotted: SGD2,600,000,000
Amount allotted to SGD207,355,000
non-competitive bids:

Total amount of bids: SGD4,105,487,000
Coupon rate: 1.875% p.a.

Cut-off yield and price: 1.95% p.a. and 98.303
Median yield and price: 1.89% p.a. and 99.658
Average yield and price: 1.84% p.a. and 100.804
Total amount of bids: SGD4,105,487,000

The yield-to-maturity and price determined at this auction (the “Cut-off yield and
price”) was 1.95% and 98.303% of par. The Monetary Authority of Singapore’s
auction rules states that the bond coupon rate will be the cut-off yield rounded
down to the nearest 0.125%, or 1.875%. This auction attracted bids totaling
SGDA4.1 billion, over 1.5x the offer amount.

GOVERNMENT OF INDIA SWITCHES FROM MULTIPLE-PRICE TO SINGLE-PRICE
DEBT AUCTIONS

In July 2021, the central bank of India (Reserve Bank of India) moved from mul-
tiple- to single-price auctions for its 2-year, 3-year, 5-year, 10-year, 14-year, and
floating-rate bonds. The 30-year and 40-year bonds continued to be auctioned
via the multiple-price method. The Reserve Bank of India changed the method-
ology it uses for government bond issuance after it faced several partially failed
auctions. Under the single-price auction, volatility in yields is reduced because
all successful bidders receive the same rate.

Sources: BQ Prime, “RBI Tweaks Government Bond Auction Strategy amid Falling Sales” (2 July
2021). www.bloombergquint.com/business/rbi-tweaks-government-bond-auction-strategy-amid
-falling-sales.

Subhadip Sircar, Suvashree Ghosh, and Ronojoy Mazumdar, “RBI Proposes Framework for
Acceptable Bids at Auctions to Underwriters,” Bloomberg (2 July 2021). www.bloomberg.com/
news/articles/2021-07-02/rbi-said-to-propose-acceptable-bids-at-auctions-to-underwriters.
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Sovereign issuers also engage with financial intermediaries, such as corporate
debt issuers, but in a different form. Sovereign governments designate a group of
financial intermediaries as primary dealers that are required to participate in all
auctions with competitive prices, often serve as the central bank’s counterparty for
open market operations and facilitate the purchase and sale of government debt by
foreign central banks and other indirect bidders. Investors may also participate directly
in auctions—for example, through the UK Debt Management Office or TreasuryDirect
in the United States.

Once issued, sovereign debt is usually traded in a manner similar to that of private
sector debt securities primarily on OTC markets by financial intermediary broker/
dealers, although in some markets, such as Australia, they are traded on an exchange.
In each market, the sovereign issuer is often the largest borrower and their securities
are the most liquid among fixed-income instruments. The most recently issued sov-
ereign debt securities, known as on-the-run securities, are used for benchmark yield
analyses because they are more liquid than previously issued off-the-run securities,
which trade infrequently. Given their liquidity, some trading of on-the-run securities
occurs electronically, on centralized marketplaces operated by private companies.

A significant difference in trading between sovereign and corporate debt is the
presence of investors in sovereign debt with varying “non-economic” objectives. For
example, major investors in US Treasuries include the Federal Reserve, which uses
Treasuries in the conduct of monetary policy; major foreign governments, which hold
the securities as US dollar reserves; state and local governments, which face restrictions
on holding other types of securities; and banks and insurance companies that either
must hold Treasuries or are incentivized to do so to meet regulatory requirements.
These factors reduce sovereign borrowing costs versus the private sector and are most
pronounced for sovereign issuers with a reserve currency, a currency held by global
central banks in significant quantities and widely used to conduct international trade
and financial transactions. In addition to the US dollar, the euro, Japanese yen, British
pound, Swiss franc, Australian dollar, and Chinese renminbi are reserve currencies.
However, the US dollar accounts for 60% of global foreign exchange reserves and
about half of international trade, international loans, and global debt securities and
is involved in nearly 90% of all FX market transaction.!

QUESTION SET [ f

1. An advantage of a single-price auction versus a multiple-price auc-
tion is that a single-price auction may result in a:

A. lower cost of funds and broader distribution among investors.

B. narrower distribution of large bids because investors must accept
bonds at their bid prices.

(. ranking of bids by prices, where bids from highest to lowest are chosen
until the desired issuance amount is reached.
Solution:

A is correct. The single-price auction process may result in a lower cost of
funds and broader distribution among investors. B is incorrect because mul-
tiple-price auctions may result in a narrower distribution of large bids be-
cause investors must accept bonds at their bid price. C is incorrect because
in both cases, the issuer ranks bids by prices, choosing bids from highest to
lowest until the desired issuance amount is reached.

1 Congressional Research Service, “The U.S. Dollar as the World’s Dominant Reserve Currency” (15
September 2022). https://crsreports.congress.gov/product/pdf/IF/IF11707.
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2. Discuss how the type of auction (single price or multiple price) can impact
the success of auctions and yield volatility.

Solution:

A multiple-price auction process generates different prices among bidders
for the same bond issue. Under a single-price auction, volatility in yields is
reduced because all successful bidders receive the same rate. The Reserve
Bank of India changed the methodology it uses (from multiple price to sin-
gle price) for government bond issuance after it faced a number of partially
failed auctions.

3. A significant difference in trading between sovereign and corporate debt is:

A. the presence of investors in sovereign debt with varying “non-eco-
nomic” objectives.

B. the opportunistic nature of sovereign debt issuance managed by
investment bank underwriters on behalf of issuers.

C. that sovereign debt is usually traded on an exchange while private sec-
tor debt primarily trades on OTC markets mediated by broker/dealers.
Solution:

A is correct. A significant difference in trading between sovereign and
corporate debt is the presence of investors in sovereign debt with varying
“non-economic” objectives. For example, major investors in US Treasur-
ies include the Federal Reserve, which uses Treasuries in the conduct of
monetary policy; major foreign governments, which hold the securities as
US dollar reserves; state and local governments, which face restrictions on
holding other types of securities; and banks and insurance companies that
either must hold Treasuries or are incentivized to do so to meet regulatory
requirements. B is incorrect because in contrast to the opportunistic nature
of corporate debt issuance managed by investment bank underwriters on
behalf of issuers, sovereign auctions use standard procedures to ensure
broad distribution among investors under a transparent price discovery
process. C is incorrect because once issued, sovereign debt is usually traded
in a manner similar to that of private sector debt securities: primarily on
OTC markets mediated by broker/dealers, although in some markets, such
as Australia, they are traded on an exchange.

NON-SOVEREIGN, QUASI-GOVERNMENT, AND
SUPRANATIONAL AGENCY DEBT

] describe funding choices by sovereign and non-sovereign
governments, quasi-government entities, and supranational agencies

The level and type of non-sovereign government funding vary widely among countries,
depending on whether specific public goods and services are provided and financed
at the national, regional, or local level. Some non-sovereign government issuers are
similar to sovereign borrowers in that they can levy taxes to fund activities in their
jurisdiction. Other non-sovereign issuers rely on national government budget alloca-
tions or user fees to meet interest and principal payments with or without the explicit
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financial support of a national or local government as a secondary repayment source.
The ability of non-sovereign issuers to access funding across maturities is affected by
the predictability and stability of these sources of repayment, which are key determi-
nants of the issuer’s credit quality.

Government Agencies

Government agencies are quasi-government entities that issue debt in order to fund
the government-sponsored provision of specific public goods or services based on
sovereign or local law. This may involve the financing of specific activities promoted
by the government or the operation of necessary infrastructure as mandated by
law. For example, the Airport Authority of Hong Kong (AAHK), introduced in an
earlier module, is the statutory agency for operating and developing the Hong Kong
International Airport. AAHK issues a combination of short- and long-term debt to
meet the airport’s specific working capital and capital investment needs. The primary
source of repayment is cash flows from airport operations, while its sovereign gov-
ernment backing is a secondary source of repayment.

The Government National Mortgage Association (known as Ginnie Mae, not to be
confused with Fannie Mae or Freddie Mac) securitizes and guarantees certain mort-
gage loans in the United States to subsidize and promote home ownership. Ginnie
Mae issues callable agency debt securities to finance its operations with maturities
matching the expected cash flows of its guaranteed mortgages. The primary source
of repayment for the agency’s debt are mortgage-based guaranty fees and other cash
flows with its sovereign government backing as a secondary source of repayment.

Both AAHK and Ginnie Mae issue debt with maturities and structures consistent
with their respective underlying activities. That said, while each of these sovereign
agencies is typically able to borrow at a yield-to-maturity near that of their sovereign
guarantor, neither will benefit from the full liquidity premium associated with sover-
eign debt outlined in the prior lesson.

Local and Regional Government Authorities

Non-sovereign government authorities may either issue debt for general purposes,
which is repaid from local tax cash flows, or issue debt to fund specific projects or
infrastructure, which is repaid from user fees or other cash flows directly derived from
the project. The former are referred to as general obligation bonds (GO bonds), which
are used to fund public goods and services in the non-sovereign’s limited jurisdiction,
such as the Province of Ontario green bond issue described in the term sheet below.
These unsecured bonds are repaid with tax revenues from the provincial government,
though their use of proceeds is limited to eligible green projects.

Province of Ontario 1.55% 2029 Global Green Bonds

Key Terms
Issuer: Province of Ontario (Canada)
Settlement Date: July 29, 2021
Maturity Date: November 1, 2029
Principal Amount: CAD2,750,000,000
Interest: 1.55% p.a.

Interest Payment: Semi-annually on May 1 and November 1 of each year
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Province of Ontario 1.55% 2029 Global Green Bonds

Key Terms
Other Relevant An amount equal to the net proceeds of the Bonds will be
Features: recorded in a designated account in the Province of Ontario’s

financial records. This designated account will be used to track
the use of and allocation of proceeds to “Eligible Projects,” which
include projects in the following sectors:

1. Clean transportation

2. Energy efficiency and conservation

3. Clean energy and technology

4. Forestry, agriculture, and land management

5. Climate adaptation and resilience

Revenue bonds, in contrast, are issued for specific project financing (infrastructure
such as roads, bridges, or tunnels) with the source of repayment often linked to a
project’s revenue stream (tolls, fees, etc.). Revenue bonds usually involve longer-dated
funding, the maturity of which often matches the expected life of matching project
cash flows.

Supranational Organizations

Supranational organizations, such as the World Bank, International Monetary Fund
(IMF), and Asian Development Bank (ADB), are created and supported by sovereign
governments as member states in pursuit of a common objective, such as fostering
economic cooperation and development, promoting trade, or providing financing to
emerging economies in pursuit of sustainable growth. Member states typically share
decision-making authority and provide implicit and explicit financial support to these
organizations, resulting in the highest credit quality among these issuers and a strong
ability to access capital markets across maturities. In other cases, supranational and
sovereign organizations partner to form quasi-government agencies that can issue
debt at a lower cost than an emerging market sovereign government. For example,
PT Indonesia Infrastructure Finance (IIF) was introduced in an earlier lesson as a US
dollar-denominated issuer in the Eurobond market. IIF’s ability to access this and
similar markets is derived from indirect Indonesian government ownership and the
strong financial support from a consortium of public sector entities, including the
Asian Development Bank, the World Bank Group’s International Finance Corporation
(IFC), and the German sovereign government development bank (Kreditanstalt fiir
Wiederaufbau, or KfW).

Supranational issuers target bond investors in major currencies using global bond
markets. In the example bond issue below, the Asian Development Bank borrowed in
Indonesian rupiah (IDR) but will pay interest and principal to investors in US dollars.
The amounts are fixed in Indonesian rupiah, with the payments in US dollars deter-
mined using the spot USD/IDR rate two days prior to each payment date, so investors
are still assuming currency risk.

Asian Development Bank 7.80% Global Medium-Term Notes due 15 March 2034

Key Terms
Issuer: Asian Development Bank
Settlement Date: 18 March 2019
Maturity Date: 15 March 2034
Principal Amount: IDR1,200,000,000,000 payable in US dollars

Interest: 7.80% p.a.
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Non-Sovereign, Quasi-Government, and Supranational Agency Debt

Asian Development Bank 7.80% Global Medium-Term Notes due 15 March 2034

Key Terms
Interest Payment: Semi-annually on 15 March and 15 September each year
Listing: Luxembourg Stock Exchange
Governing Law: New York
Other Relevant The interest and principal amounts will be paid on each Interest
Features: Payment Date in US dollars converted from Indonesian rupiah at
the applicable Reference Rate (as defined) on the Rate Fixing Date
(as defined).

QUESTION SET [ y

1. Which of the following features is typical of revenue bonds? Reve-
nue bonds typically:

A. provide shorter-dated funding.
B. fund general local government spending.

C. have maturities matching the expected life of matching project cash
flows.
Solution:

C is correct. Revenue bonds usually involve longer-dated funding, the matu-
rity of which often matches the expected life of matching project cash flows.
A is incorrect because revenue bonds usually involve longer-dated funding.
B is incorrect because revenue bonds fund specific projects while general
obligation bonds fund local governments generally.

2. The Asian Development Bank is an example of a:

A. government agency.
B. non-sovereign government.

(. supranational organization.
Solution:

C is correct. Supranational organizations, such as the World Bank, IMF, and
ADB, are created by several sovereign governments in pursuit of a com-
mon objective, such as fostering economic cooperation and development,
promoting trade, or providing financing to emerging economies in pursuit
of sustainable growth. A is incorrect because government agencies are
subunits of governments formed to carry out specific laws or objectives. B is
incorrect because non-sovereign governments preside over subdivisions of
countries (e.g., the province of Ontario in Canada) through constitutional or
legislative authority.

3. Member states of a supranational organization typically share decision-mak-
ing authority and provide implicit and explicit financial support to the orga-
nization, resulting in which of the following levels of credit quality among
these issuers?

A. Lowest
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B. Average

C. Highest

Solution:

C is correct. Member states typically share decision-making authority and
provide implicit and explicit financial support to these organizations, result-
ing in the highest credit quality among these issuers and a strong ability to
access capital markets across maturities.
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PRACTICE PROBLEMS

1. Balance sheets of government entities are unlikely to include:

A. FX reserves.
B. long-term debt.

C. accrual of unfunded liabilities.

2. In practice, which of the following applies as it relates to sovereign government
financing?

A. Taxpayers smooth consumption over time, saving expected future taxes
today for future payment.

B. Taxpayers form rational expectations that today’s tax cuts will result in
future tax increases and pass on tax savings to descendants.

(. Governments seek to minimize interest rate and rollover risks by distribut-
ing debt across maturities while issuing debt in regular, predictable intervals.

3. Which of the following is correct regarding the single-price auction process?
A. Bidders include only dealers and institutional investors.

B. Competitive bidders who bid higher than the stop yield are allocated
securities.

C. All non-competitive bids are accepted, while competitive bids are ranked
starting at the lowest yield (highest bond price).

4. On-the-run sovereign debt securities are:
A. used for benchmark yield analyses.
B. issued prior to off-the-run securities.

C. less liquid than off-the-run securities.

5. A non-sovereign bond issued to fund public goods and services in the
non-sovereign’s limited jurisdiction that is repaid from local tax cash flows is
referred to as:

A. a GO bond.
B. arevenue bond.
(. anagency bond.
6. Government agencies issue debt that is:
A. at ayield-to-maturity equal to that of its sovereign guarantor.
B. primarily repaid by cash flows related to its underlying activities.

C. short term, only to meet working capital and capital investment needs.
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SOLUTIONS

1. Cis correct. Public sector financial accounting standards vary widely and are of-
ten prepared using cash, rather than accrual-based, principles, typically excluding
such items as the depreciation of fixed public goods, such as federal highways,
or the accrual of unfunded liabilities, such as government pension obligations.

A and B are incorrect because balance sheets of government entities are likely to
include FX reserves and long-term debt.

2. Cis correct. Governments seek to minimize interest rate and rollover risks by
distributing debt across maturities while issuing debt in regular, predictable
intervals. A and B are incorrect because taxpayers are neither able to perfectly
smooth consumption over time, nor do they form rational expectations about
current versus future taxes across generations, leading to fiscal instability, cre-
ating uncertainty in future tax rates, and threatening the stability of economic
growth over time.

3. Cis correct. All non-competitive bids are accepted, while competitive bids are
ranked starting at the lowest yield (highest bond price). A is incorrect because
individuals can also bid, in addition to dealers and institutional investors. B is
incorrect because competitive bidders who bid higher than the stop yield (lower
price) do not purchase any securities. All securities are sold for a single price,
using a stop yield.

4. A s correct. The most recently issued sovereign securities, known as on-the-run
securities, are used for benchmark yield analyses. B is incorrect because
off-the-run securities are issued prior to on-the-run securities. C is incorrect
because on-the-run securities are not less liquid than off-the-run securities.

5. A s correct. General obligation bonds are used to fund public goods and ser-
vices in the non-sovereign’s limited jurisdiction and are repaid from local tax
cash flows. B is incorrect because revenue bonds are issued for a specific project
financing (infrastructure such as roads, bridges, or tunnels) with the source of
repayment often linked to a project’s revenue stream (tolls, fees, etc.). C is incor-
rect because government agencies are quasi-government entities that issue debt
in order to fund the government-sponsored provision of specific public goods or
services based on sovereign or local law, with the primary source of repayment
related to the public good or service and the sovereign government backing as a
secondary source of repayment.

6. Bis correct. For the Airport Authority of Hong Kong, for example, the primary
source of repayment is cash flows from airport operations, while its sovereign
government backing is a secondary source of repayment. Similarly, the primary
source of repayment for Ginnie Mae is mortgage-based guaranty fees and other
cash flows, with its sovereign government backing as a secondary source of
repayment. A is incorrect because while sovereign agencies typically borrow at a
yield-to-maturity near that of their sovereign guarantor, they do not benefit from
the full liquidity premium associated with sovereign debt. C is incorrect because
agencies issue a combination of short- and long-term debt to meet specific work-
ing capital and capital investment needs.
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LEARNING MODULE

Fixed-Income Bond Valuation:
Prices and Yields

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] calculate a bond’s price given a yield-to-maturity on or between
coupon dates

] identify the relationships among a bond’s price, coupon rate,
maturity, and yield-to-maturity

] describe matrix pricing

INTRODUCTION

We will now use discounted cash flow analysis to calculate bond prices and show
how the discount rate used as well as a bond’s features, such as its coupon rate and
time-to-maturity, affect pricing. The price of a bond and its future cash flows can be
used calculate an internal rate of return, known as the yield-to-maturity, which serves
as a useful return measure for fixed-income investors under certain assumptions. One
of these assumptions that applies to this learning module is that all bond interest and
principal cash flows occur as promised. We will explore the relationship between
bond prices and bond features, showing how different features affect a bond’s price,
and demonstrate pricing both on and between bond coupon dates. Finally, we will
introduce matrix pricing, which uses comparable bonds to estimate a bond’s price
and yield-to-maturity when neither is known.

LEARNING MODULE OVERVIEW @

= Bond pricing is an application of discounted cash flow analysis.
Bond prices are a function of a bond’s features, including its
cash flows and the interest rate(s) used to discount future cash flows.
= By comparing a bond’s price to its face value or its coupon rate to the
discount rate, we can identify whether a bond is trading at a discount,
at par, or at a premium.
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= If the market price of a bond is known, an internal rate of return
on the cash flows can be calculated, known as the yield-to-maturity
(YTM). The YTM is the single interest rate that equates the present
value of future cash flows to the price of the bond.

= A bond investor’s rate of return will equal the YTM if (1) the investor
holds the bond to maturity, (2) the issuer makes full coupon and prin-
cipal payments on the scheduled dates, and (3) the investor reinvests
all coupon payments at the same YTM.

= When a bond is priced or traded in between coupon dates, an addi-
tional amount must be added for interest that has accrued since the
last coupon payment, to compensate the seller, since the buyer will
receive the entire next coupon payment.

= To calculate a bond’s accrued interest on any date, we multiply the
coupon by the fraction of days elapsed in the coupon period divided
by the total days in the coupon period. There are various conventions
for counting these days; two common conventions are actual/actual
and 30/360.

= A bond’s price changes inversely with changes in its YTM. A bond’s
features determine price sensitivity to changes in YTM.

= The lower the coupon rate on a fixed-coupon bond, the greater the
percentage price change for a given change in the bond’s yield-to-ma-
turity. Generally, the longer a bond’s time-to-maturity, the greater its
percentage price change for a given change in its yield-to-maturity.

= Unlike listed equity securities, most bonds are thinly traded, which
complicates price discovery.

= Matrix pricing is a price estimation process for new or illiquid bonds
that uses yields on securities with the same or similar features. Matrix
pricing is widely used in price quotations for bonds.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of the learning module.

1. A corporate bond that matures on 1 January 2035 pays semiannual coupons
of 3.25% per year and has a face value of 100. The market discount rate is
4.0%. For a trade settlement date of 1 January 2030, the price of the bond as
a percentage of par value, assuming a 30/360 day count, is closest to:

A. 96.632.

B. 96.661.

C¢. 103.436.
Solution:

A is correct. The bond price is the sum of the coupon and principal pay-
ments discounted at the market discount rate.
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PV =PMT/(1 + ' + PMTy/(1 + r)? + ... + (PMTy + FV)/(1 + r)N,
where

PMT =1.625

r=0.02

FV =100

N=10

py — 1625 - 1.625 4 1.625 -+ 1.625 . 1.625 4
(1+0.02)1 " (1+0.02)2 " (1+0.02)3 ' (1+0.02)* ' (1+0.02)

1.625 1.625 1.625 1.625 101.625
(1+0.02)6  (1+0.02)7  (1+0.02)8 (1+0.02)° (1+0.02)!0

PV = 96.632.

Note: Quantities in the calculation are not rounded, though they are shown
with three decimal places for presentation purposes. Solutions are rounded
to three decimal places.

The calculation can also be done using the PV or PRICE functions in Micro-
soft Excel and Google Sheets:

=-PV (rate, nper, pmt, [FV], type)
=-PVv(0.02,10,1.625,100,0)
= 96.632

=PRICE (settlement, maturity, rate, yield, redemp-
tion, frequency, [basis])

=PRICE(DATE(2030,1,1),DATE(2035,1,1),0.0325,0.04,100,2)

=96.632

2. Which of the following is not required for a bond investor’s rate of return on
a bond investment to equal the bond’s YTM?

A. The bond is held to maturity.
B. The issuer may default on one, but only one, coupon payment.

(. Coupon payments are reinvested at the same rate as the YTM.
Solution:

B is correct. For a bond investor to earn the YTM, the issuer must make all
coupon and principal payments on their scheduled dates.

A is incorrect because a bond investor does have to hold the bond to matu-
rity to earn the YTM.

C is incorrect because a bond investor does have to reinvest coupons at the
same rate as the YTM to earn the YTM.

3. A three-year sovereign bond issued on 1 January 2030 pays semiannual cou-
pons of 1.5% per year on 30 June and 31 December each year and has a face
value of 100. The market discount rate is 2.0%. For a trade settlement date
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of 29 August 2031, the flat price of the bond as a percentage of par value,
assuming an actual/actual day count, is closest to:

A. 99.343.
B. 99.587.
C. 99.832.
Solution:

A is correct. The flat price is the full price less accrued interest. The full
price is the present value as of the trade settlement date, which involves
partial payment periods because we’re between coupon dates.

P VFull _ PMT PMT o PMT + FV
A+ +p>iT "1+ pNUT
Here,
PMT =10.75
r=0.01

t = 60 (days from 30 June 2031 to 29 August 2031)

T =184 (days from 30 June 2031 to next coupon on 31 December 2031)
FV=100

N=3

_ 0.75 0.75 100.75
- (1 + 0‘01)1*60/184 (1 + 0.01)2*60/184(1 + 0.01)3*60/184

PV

PV = 99.587.

Accrued interest is the proportional share of the next coupon payment owed

the seller.

Al = £x PMT,
_ 60

Al = 184 % 0.75

Al = 0.245.

The flat price is 99.587 — 0.245 = 99.343.

The present value calculations can also be done easily on spreadsheet
software. Additionally, the PRICE function in Microsoft Excel and Google
Sheets can be used to directly solve for the flat price (note: not full prices).

=PRICE (settlement, maturity, rate, yield, redemp-
tion, frequency, [basis])

=PRICE(DATE(2031,8,29),DATE(2032,12,31),0.015,0.02,100,2)

= 99.343.

4. True or false: A bond’s quoted price is also called its full price because it is
the amount that the buyer pays the seller.

A. True
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B. False
Solution:
False. A bond is quoted by its flat price. The full price is the amount paid by
the buyer to the seller, and it includes accrued interest if settlement does not
occur on a coupon payment date.

5. Assume that the Japanese government issues two non-callable fixed-coupon
bonds on the same date with the same coupon rate. The bonds are identical
except that one matures in 10 years and the other matures in 30 years. If the
relevant market discount rates for both bonds rise by 65 bps, which of the
following will be true?

A. The 10-year bond will have a larger percentage price change than the
30-year bond.

B. The 10-year bond will have a smaller percentage price change than the
30-year bond.

C. The 10-year bond and the 30-year bond will have equal percentage
price changes.
Solution:

B is correct. Generally, for the same coupon rate, a shorter-term bond will
have a smaller percentage price change than a longer-term bond when their
relevant market discount rates change by the same amount.

A is incorrect because generally a shorter-term bond will have a smaller per-
centage price change than a longer-term bond when their market discount
rates change by the same amount.

C is incorrect because shorter-term bonds and longer-term bonds will not
have the same percentage price changes when their market discount rates
change by the same amount.

6. True or false. Justify your answer.

Matrix pricing is an estimation process in which quotes from derivative
markets (e.g., interest rates swaps) are used to determine the price of illiquid
or new bonds for which transactional data are scarce.

A. True
B. False
Solution:

False. Matrix pricing is a process for estimating prices of illiquid or newly
issued bonds using prices of comparable bonds, not from transactions in
derivative markets. The comparable bonds have similar times-to-maturity,
coupon rates, and credit quality as those of the bond under study.

BOND PRICING AND THE TIME VALUE OF MONEY 2

] calculate a bond’s price given a yield-to-maturity on or between
coupon dates
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Bond Pricing with a Market Discount Rate

Bond pricing is an application of discounted cash flow analysis that depends on a
bond’s cash flow features and the rate (or rates) used for discounting. Recall from
an earlier lesson that the price of the bond at issuance is the present value of the
promised interest and principal cash flows. The market discount rate is used in the
time-value-of-money calculation to obtain the present value. The market discount
rate is the rate of return required by investors given the risk of the bond investment.
It is also called the required yield, or the required rate of return.

The present value (PV) calculation for each bond coupon cash flow (PMT) that
occurs in ¢ periods with a market discount rate of r per period should be familiar from
an earlier time-value-of-money lesson:

PV(Bond coupon) = PMT,/(1 + r).. @)

Equation 2 extends this calculation in a general formula for calculating a bond
price (PV) given the market discount rate on a coupon date:

PV =PMT/(1 + P)L + PMTy/(1 + P2 + ...+ (PMTy + FV)/(1 + PV, )

where FV is equal to the bond’s face value and N is the number of periods to
maturity.

Recall the Bright Wheels Automotive (BRWA) bond introduced in an earlier
lesson. The bond’s price was 100% of face or par value because the market discount
rate, r, and the bond’s fixed coupon rate, PMT, were equal (at 3.2% per annum, or
1.6% semiannually). We will now consider cases where the bond’s coupon rate and
the market discount rate are not equal.

EXAMPLE 1

BRWA Par, Discount, and Premium Bond

Period:

1 2 3 4 5 6 7 8 9 10

Cash Flow:

1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 101.6

PV of Cash Flow at 1.2% periodic YTM: 1.6 1.6 1.5 1.5 1.5 1.5 1.5 1.5 1.4 90.2

Bond price (sum):
PV of Cash Flow at 1.6% periodic YTM: 1.6 1.6 1.5 1.5 1.5 1.5 1.4 1.4 1.4 86.7

Bond price:

103.75

100.00

PV of Cash Flow at 2.0% periodic YTM: 1.6 1.5 1.5 1.5 1.4 1.4 1.4 1.4 1.3 83.3

Bond price:

96.41

Note: Please refer to the candidate learning ecosystem online for a spreadsheet of these
calculations.

If the market discount rate rises to 2% semiannually, new bonds to be issued at
par must provide coupon rates that are also 2% semiannually. The previously
issued BRWA bond pays coupons at a 1.6% rate, so it should have a lower price
than a bond that pays 2%. We could say that the BRWA bond’s 1.6% coupon rate
is deficient relative to the higher 2% market discount rate. The market price of
the BRWA bond, with its lower coupon, will therefore fall below 100% of par.
Example 1 shows that when we discount the BRWA bond cash flows at a market
discount rate of 2%, we calculate a price of 96.41. This lower price compensates
for a coupon rate below the market discount rate. When a bond’s price is less
than 100, we say that the bond trades at a discount. (This use of “discount” when
referring to the bond price is not connected to the use of “discount” in market
discount rates). Exhibit 1 illustrates a bond trading at a discount.
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Exhibit 1: Discount Bond Cash Flows

"Deficient” coupon =0.4

(N N N (NN N N N N
At market (par) coupon = 2.0 {1.6 1616 1.6 16 1.6 16 1.6 16 1.6

PV of discount bond

= 96.41  par PV of

par bond
=100

PV of "deficient" coupon
=3.59

We now consider how the price of the existing BRWA bond will change if the
market discount rate falls to 1.2%. A similar bond (five-year maturity, semi-annual
coupon) issued when the five-year market discount rate is 1.2% semiannually
will also have a semi-annual coupon rate of 1.2% so that its price will be 100% of
par. Because the BRWA bond pays a higher coupon rate of 1.6%, its price should
be higher than that of a bond that pays only 1.2%. We could say that the BRWA
bond’s 1.6% coupon rate is excessive relative to the lower 1.2% market discount
rate. Therefore, the BRWA bond’s price rises as the market discount rate falls.
When we discount the cash flows of the BRWA bond at the market discount
rate of 1.2% and then add them up, we calculate a bond price equal to 103.73%
of par. It has a higher price than the 1.2% coupon bond because it pays a higher
coupon. Exhibit 2 illustrates a bond trading at a premium.

Exhibit 2: Premium Bond Cash Flows

100

Periodic coupon = 1.6

\{ "Excess” coupon = 0.4 <IN [N [N [ N I I
At market (par) coupon =12 { 13 1212 12 12 112 12 122 12

-
PV of
PV of discount bond / Parbond
=103.75 ) par =100
PV of
“excess"{l
\_coupon

=3.75

The PV function in Microsoft Excel or Google Sheets may also be used for
the price calculation:

=PV (rate, nper, pmt, FV, type),

where



© CFA Institute. For candidate use only. Not for distribution.
132 Learning Module 6 Fixed-Income Bond Valuation: Prices and Yields

rate is the market discount rate per period
nper is the number of periods

pmt is the periodic coupon payment

FV is future or face value

type corresponds to payments made at the end (0) or beginning (1) of each
period

The discount, premium, and par relationships are summarized in Exhibit 3.

Exhibit 3: Fixed-Rate Discount, Premium, and Par Bonds

Bond Price  Price vs. Future Value Coupon vs. Market Discount Rate
Par PV =FV PMT = Market discount rate
Discount PV < FV PMT < Market discount rate
Premium PV > FV PMT > Market discount rate

The interest rates per period are annualized by multiplying the rate per period
by the number of periods in a year. Therefore, an equivalent statement is that
the BRWA bond is priced at a premium because its stated annual coupon rate
of 3.2% is greater than the stated annual market discount rate of 2.4%. Unless
stated otherwise, interest rates are typically quoted as annual rates.

Yield-to-Maturity

If the market price of a bond is known, Equation 2 can be used to calculate its
yield-to-maturity. The yield-to-maturity is the internal rate of return on the cash
flows—the uniform interest rate such that when the future cash flows are discounted
at that rate, the sum of the present values equals the price of the bond. It is an implied
or observed single market discount rate.

A bond investor will earn a rate of return on a bond equal to its YTM if each of
the following is true:

1. The investor holds the bond to maturity.

2. The issuer makes full coupon and principal payments on scheduled dates.
The YTM is the promised yield—that is, assuming no issuer default.

3. The investor reinvests all coupon payments at the same YTM.
For example, say we observe that the five-year 3.2% fixed-rate BRWA bond in

Example 1 is priced at 108.15. The yield-to-maturity is the solution for the rate, r, in
the following equation:

108.15 = 1.6/(1 + N1 + 1.6/(1 + )2 + ... + 101.6/(1 + r)'°.

The Microsoft Excel or Google Sheets YIELD function may be used for bonds that
pay periodic interest:
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=YIELD (settlement, maturity, rate, pr, redemption, fre-
quency, [basis]) where

settlement is the settlement date entered using the DATE function
maturity is the maturity date entered using the DATE function
rate is the semi-annual (or periodic) coupon

pr is the price per 100 face value

redemption is the future value at maturity

frequency is the number of coupons per year

[basis] is the day-count convention, typically 0 for US bonds (30/360 day
count).

If we assume the BRWA bond settles and matures on 15 October 2025 and
15 October 2030, respectively, the appropriate entries are DATE(2025,10,15) and
DATE(2030,10,15). The other entries are rate = 1.6%, pr = 108.15, redemption = 100,
frequency = 2, and basis = 0, as follows:

=YIELD(DATE(2025,10,15),DATE(2030,10,15),1.6%,108.15,100,2,0)

Given a price of 108.15, the YIELD function calculates the annual yield-to- matu-
rity for the BRWA bond to be 1.50%. Additionally, since the yield-to-maturity is an
internal rate of return, we can also use the IRR function in Microsoft Excel or Google
Sheets to get the same result.

Yield-to-maturity, commonly referred to as “yield,” is often used interchangeably
with the market discount rate or required yield and in place of discussing bond prices.
For example, market participants will simply say “yields are rising” rather than “market
discount rates are rising” or “bond prices are falling”

BONDS WITH NEGATIVE YIELDS-TO-MATURITY

The yield-to-maturity on a bond may be positive, zero, or negative. Yields on
many sovereign bonds fell below zero following accommodative monetary pol-
icies introduced by central banks starting in 2012 in response to below-target
inflation rates. Bonds with a negative yield-to-maturity include those issued at
higher yields in the past that have experienced significant price appreciation and
newly issued zero-coupon sovereign government bonds priced at a premium to
par value. Bonds are generally not issued with negative coupons.

In 2020, China issued its first ever negative-yielding sovereign bond denom-
inated in euros, with terms shown in Exhibit 4.

Exhibit 4: People’s Republic of China Eurobond

People’s Republic of China Zero-Coupon Bond
Brief Summary of Terms

Issuer: People’s Republic of China
Settlement Date: November 25, 2020

Maturity Date: November 25, 2025

Principal Amount: EUR 750 million

Interest: Zero coupon (ACT/ACT day count)
Issuance Price: 100.763

Issuance Spread: +30 bps p.a. plus Mid Swaps
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People’s Republic of China Zero-Coupon Bond
Brief Summary of Terms

Issuance and Trading: Eurobond
Listed on Multiple Exchanges
Euroclear/ Clearstream

Seniority: Senior Unsecured

Exchanges: Luxembourg

The Excel YIELD function cannot not be used for zero-coupon bonds. Instead,
we solve for the annualized yield-to-maturity using Equation 1 for the single
cash flow of par (PMT = 100) after five years (£ = 5) at the original issuance
price (PV = 100.763):

PMT
a+nr

PV =

100
(1+7)"

1
_ (100 \5 _
[ (100.763) L
r=-0.15%.

The Financial Times reported high demand for this negative-yielding Chinese
bond since its yield was more than 50 bps above that of European sovereign
bonds—the five-year German bund was at approximately —0.74% around the same
time —and more generally because many investors sought portfolio exposure to
China amid a relative scarcity of euro-denominated Chinese bonds at the time.

100.763 =

Flat Price, Accrued Interest, and the Full Price

When a bond is priced between coupon payment dates, its price has two components:
the flat price (PV*!4t) and the accrued interest (Al). The sum of the parts is the full
price (PVEull) which also is known as the invoice or “dirty” price.

pyfull = pyflat 4 4. A3)

The flat price, which is the full price minus the accrued interest, is also called the
quoted or “clean” price and is the type of price usually quoted by bond dealers. If a
trade takes place, the accrued interest is added to the flat price to obtain the full price
paid by the buyer and received by the seller on the trade settlement date. The trade
settles when the bond buyer pays and the seller delivers the security.

The flat price is used for quotations to avoid misleading investors about a bond’s
market price trend. If full prices were quoted by dealers, investors would see price rises
each day even if the YTM did not change due to the accrual of interest. Once a coupon
payment is made, the quoted price would drop significantly, as shown in Exhibit 5.
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Exhibit 5: Flat Price, Accrued Interest, and Full Price

Bond Price

Full Price = Flat Price + Acrued Interest

Full Price - = -
Accrued} / {Coupon v v /
Interest | 7/ Payment / / /7
7 / / /
/ / / /
/ / / /
/ / / /

Flat Price

1 2 3 4 Period

The accrued interest is the portion of the next coupon payment owed to the seller of
a bond, because although the seller held the bond for a partial coupon period, the full
coupon will be received by the buyer. To calculate accrued interest, we determine the
fractional amount by counting the days in the period. If the coupon period has T days
between payment dates and ¢ days have passed since the last payment, the accrued
interest is calculated using Equation 4:

Al = £ x PMT, )
where
¢t = number of days from the prior coupon payment to the settlement date
T = number of days in the coupon period
t/T = fraction of coupon period that has passed since the prior payment
PMT = coupon payment per period

Note that the accrued interest portion of the full price does not depend on the
yield-to-maturity. Therefore, it is only the flat price that is affected by a change in
interest rates.

There are multiple approaches for day counting (or “day counts”). The day count
is specified by two parameters: how days are counted within a given period and
the number of days assumed per period. Two common day count conventions are
30/360 and actual/actual. The 30/360 day count assumes each month has exactly 30
days (although most don’t) and each year has exactly 360 days (although none do). In
contrast, the actual/actual day count convention assumes the actual number of days
in each month and the actual number of days in a year.

EXAMPLE 2

Actual/Actual vs. 30/360 Day Count

Consider two otherwise identical bonds that pay 4.375% semiannual interest
on 15 May and 15 November of each year. One is a government bond with an
actual/actual day count and the other is a corporate bond with a 30/360 day
count. The actual/actual method uses the actual number of days, including
weekends, holidays, and leap days. The 30/360 method assumes 30 days in a
month and 360 days in each year.

Calculate accrued interest for settlement on 27 June for both bonds.
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Accrued interest for the actual/actual bond is the actual number of days
between 15 May and 27 June (¢ = 43 days) divided by the actual number of days
between 15 May and 15 November (7" = 184 days), times the coupon payment.

For the 30/360 bond, we 42 days between 15 May and 27 June: 15 days
between 15 May and 30 May and 27 days between 1 June and 27 June (31 May
is not counted in the 30/360 convention). There are assumed to be 180 days in
the six-month period between 15 May and 15 November.

Actual/Actual Bond 30/360 Bond
Days (t) 43 42
Period (7) 184 180
t/T 0.233696 0.233333

Accrued interest is calculated as follows:

Actual/actual bond:A7 = (43/184) x (4.625/2)
= 0.540421 per 100 of par value.
30/360 bond:A/ = (42/180) x (4.625/2)

= 0.539583 per 100 of par value.

The full price of a fixed-rate bond between coupon payments given the market
discount rate per period (r) is the present value of future cash flows as of the trade
settlement date, as shown in Equation 5:

PMT PMT , PMT+FV )

Full — vee
Py A+pIT - Q+ 2T A +pNT

This is very similar to Equation 2. The difference is that the next coupon payment
(PMT) is discounted for the remainder of the coupon period, which is 1 — ¢/T. The
second coupon payment is discounted for that fraction plus another full period, 2 — ¢/T.

Equation 5 is simplified by multiplying both the numerator and denominator by
the expression (1 + )T, The result is Equation 6:

+
o
=PV x(1+pT.

P VFull —

An advantage of Equation 6 is that the expression in the brackets, PV, is easily
obtained using the Excel YIELD function because there are N evenly spaced periods.
PV here is the present value of future cash flows as of the last coupon date; it is iden-
tical to Equation 2 but is not the same as PV,

The next two examples demonstrate the calculation of a bond’s flat price, accrued
interest, and full price.

EXAMPLE 3

BRWA Bond—Flat and Full Price

Calculate the flat price and full price of the 3.2% fixed BRWA bond 90 days after
the first coupon payment.

First, we calculate the bond’s present value on the coupon date that begins
the period during which settlement occurs, using Equation 2 or the PV function
in Microsoft Excel or Google Sheets.

=-PV (rate, nper, pmt, [FV], type)
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=-PV(0.02,9,1.60,100,0)

=96.735

Next, we calculate the full price by counting the days using the specified day
count convention and using Equation 6.

Number of days from beginning of period until settlement, £ = 90

Number of days in the period containing settlement, 7' = 180

pyful = py <1 +piT

PyFull = 96,735 x (1 +0.02)90/180

pyFul = 97698

Then we use Equation 4 to calculate accrued interest.

_ L
Al = 4% PMT

_ 9%
Al = Tgp % 1.60

Al = 0.80

Finally, we calculate the flat price using Equation 3 by subtracting the accrued
interest from the full price.

PVFull — PVFla[+AI
PVFlat _ PVF””*A]
PVFlat — 97,698 —0.80

pyflat = 96.898

Note: Quantities in the calculation are not rounded, though they are shown
with three decimal places for presentation purposes. Solutions are rounded to
three decimal places.

EXAMPLE 4

Romania Bond—Flat and Full Price

The 4.625% EUR annual, actual/actual fixed-coupon bond issued by Romania
maturing 3 April 2049 was introduced in an earlier lesson. Calculate the full price
(PVEully the accrued interest (Al), and the flat price (PV*! lat) for settlement on
15 December 2031 assuming an annual yield-to-maturity on that date of 3.50%.

Solution

Step 1 Calculate PV as of the beginning of the current coupon period for the
settlement date:

=-PV (rate, nper, pmt, [FV], type)
=-PV(0.035,18,4.625,100,0)

=114.838

Step 2 Calculate the actual number of days (£):
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Days Months
15 December
27 April
30 June, September, November
31 May, July, August, October
256 Total

Step 3 Calculate the actual number of days in the coupon period (7):

Date at beginning of period 4/3/2031
Date at end of period 4/3/2032
Actual number of days in period 366

Notice that 2032 is a leap year so it has an extra day.
Step 4 Use Equation 6 to solve for PVFul:

PYFull = pyx (1 + )T,

256
PVFull = 114.838 x (1 +0.035) 36,

pyFul = 117.635.

Step 5 Use Equation 4 to solve for accrued interest:

_ L
Al = % x PMT.
_ 256
Al = 522 X 4.625.
Al = 3.235.

Step 6 Use Equation 3 to solve for PVt
pyfull = pyFlat 4 4],

PVFlat — PVFu”_AI.
pyFlat = 117.635 — 3.235.

pyFlat = 114.400.

Note: Quantities in the calculation are not rounded, though they are shown
with three decimal places for presentation purposes. Solutions are rounded to
three decimal places.

KNOWLEDGE CHECK i

1. Define yield-to-maturity.

Solution:

Yield-to-maturity is the internal rate of return on a bond’s cash flows—the
uniform interest rate such that when the future cash flows are discounted at
that rate, the sum of the present values equals the price of the bond.
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2. A non-callable fixed-coupon bond with a maturity in 10 years and a face val-
ue of 100 is issued with an annual coupon rate of 2.8% when the applicable
market discount rate is also 2.8%. The price of this bond at issuance is:

A. less than 100.
B. exactly 100.

(. more than 100.
Solution:

B is correct. When a bond is issued with a coupon rate that equals the mar-
ket discount rate, it is priced at par.

3. A non-callable fixed-coupon bond with a maturity in 10 years and a face
value of 100 has an annual coupon rate of 2.8%, while the market discount
rate is 4.0%. The price of this bond at issuance is:

A. less than 100.

B. exactly 100.

C. more than 100.
Solution:
A is correct. A bond with a coupon rate lower than the market discount

rate will trade at a discount to par, to compensate for its “deficient” coupons
relative to the market rate.

4. A sovereign bond that matures on 1 January 2030 pays an annual coupon
of 1.2% and has a face value of 100. For a trade settlement date of 1 January
2020, the bonds are priced at 128. Calculate the yield-to-maturity as of the
settlement date and price.

Solution:
—1.390%. We use the YIELD function in Microsoft Excel or Google Sheets:

=YIELD (settlement, maturity, rate, pr, redemption,
frequency, [basis])

=YIELD(DATE(2020,1,1),DATE(2030,1,1),0.012,128,100,1)

=-1.390%

5. A bond with a face value of 100 pays an annual coupon of 12% and matures
on Ad14 August 2007. It uses the actual/actual day count convention. For a
settlement date of 23 December 2002 and an annual YTM of 9.75%, calcu-
late the full price, accrued interest, and flat price. Assume an actual/actual
day count.

Solution:

Step 1 Calculate PV as of the beginning of the current coupon period for the
settlement date:

=-PV(rate, nper, pmt, [FV], type)

=-PV(0.0975,5,12,100,0)

= 108.584
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Step 2 Calculate the actual number of days (z):

Month Days
August 17
September 30
October 31
November 30
December 23
Total 131

Step 3 Calculate the actual number of days in the coupon period (7):

Date at beginning of period 8/14/2002
Date at end of period 8/14/2003
Actual number of days in period 365

Step 4 Use Equation 6 to solve for PVul:

PVFull = pyx (1 + PT.

PYFull = 108.584 x (1 +0.0975)3s.

pyFul = 112.271.

Step 5 Use Equation 4 to solve for accrued interest:

_

Al = %% PMT.
- 131

Al = 355 % 12.

Al = 4307.

Step 6 Use Equation 3 to solve for PVt
pyfull = pyFlat 4 4]

PVFlat _ PVF””*A].

P VFlat

112.271 —4.307.

pyflat = 107.964.

Note: Quantities in the calculation are not rounded, though they are shown
with three decimal places for presentation purposes. Solutions are rounded
to three decimal places.

6. Perform the same calculations for the same bond in Question 5, but use a
30/360 day count convention.

Solution:

Step 1 Calculate PV as of the beginning of the current coupon period for the
settlement date:

=-PV(rate, nper, pmt, [FV], type)

=-PV(0.0975,5,12,100,0)
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=108.584

Step 2 Calculate the number of days (¢):

Month Days
August 16
September 30
October 30
November 30
December 23
Total 129

Step 3 Assume the number of days in the coupon period (T) is 360.
Step 4 Use Equation 6 to solve for PVul:

PVFull = pyx (1 + PT.

129
pyFull = 108.584 x (1 +0.0975)360.

pyFul = 112.265.

Step 5 Use Equation 4 to solve for accrued interest:

Al = L% PMT.
_ 129

Al = 355 12.

AL = 4.300.

Step 6 Use Equation 3 to solve for PVt
pyfull = pyFlat 4 4f.

PVFlat _ PVF””*A].
pyFlat = 112265 — 4.300.

pyFlat = 107.965.

Note: Quantities in the calculation are not rounded, though they are shown
with three decimal places for presentation purposes. Solutions are rounded
to three decimal places.

RELATIONSHIPS BETWEEN BOND PRICES AND BOND 3
FEATURES

] identify the relationships among a bond’s price, coupon rate,
maturity, and yield-to-maturity
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Inverse Relationship

As seen in the prior lesson, the price of a fixed-rate bond will change as the interest
rate used to discount future cash flows changes. For any time-value-of-money cal-
culation, a higher discount rate results in a lower present value for any fixed future
cash flow and a lower discount rate results in a higher present value. Therefore, bond
yields-to-maturity and prices move in opposite directions.

Coupon Effect

The size of bond coupon cash flows affects how much a bond’s price will change for
a given yield change for bonds of the same maturity. The lower a bond’s coupon, the
higher the proportion of total cash flow that occurs at maturity. Discounting this final
cash flow by the factor of (1 + )N as shown in Equation 2 magnifies the impact of a
given change in r relative to bonds whose final cash flow is a smaller proportion of
the total. This coupon effect is best demonstrated by comparing the extreme case of
a zero-coupon bond (with 100% of cash flows including cumulative interest paid at
maturity) with an otherwise identical fixed-coupon bond, as in the following example.

EXAMPLE 5

Yield Change Effect for Zero-Coupon vs. Coupon Bond

Assume an investor has the choice between the 4.625% fixed-coupon 30-year
Romania Eurobond priced at par and an otherwise identical zero-coupon bond
from the same issuer at the same yield-to-maturity of 4.625%.

Calculate the percentage change in price for both bond alternatives if YTM
rises or falls by 100 bps upon issuance.

Use Equation 1 (zero-coupon bond) and the Excel or Google Sheets PV func-
tion (4.625% coupon bond) to calculate and compare these changes. Please refer
to the candidate learning ecosystem online for a spreadsheet of these calculations.

Face Value 100
Periods / year 1
Number of

periods 30

Coupon payment 4.625

Percentage Price
Change YTM Prices Changes
Coupon  Zero

-- 0.04625 100.000 25.759 -- -- -- --
0.01 0.05625 85.665 19.364 -14.335 -6.395 —14.34% —24.83%

-0.01 0.03625 118.107 34.361 18.107  8.601 18.11% 33.39%

Price Changes

Coupon  Zero  Coupon Zero

For the same time-to-maturity, a lower-coupon (or zero-coupon) bond has
a greater percentage price change than a higher-coupon bond when market
discount rates change by the same amount.
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Maturity Effect

The time-to-maturity of a bond also affects a bond’s price/yield relationship. Generally,
all else equal, a longer-term bond has a greater percentage price change than a
shorter-term bond when the market discount rates change by the same amount. The
maturity effect is the result of the higher N in Equation 2 for the longer-maturity bond.

EXAMPLE 6

Yield Change Effect for Different Maturities

Assume an investor has a choice between Bond A, with a 1.5% fixed coupon
and a 30-year maturity priced at par, and Bond B, a 10-year, 1.5% fixed-coupon
bond priced at par from the same issuer.

Calculate the percentage change in price for these if YTM rises or falls by
100 bps upon issuance.

Compare the price changes in the 10-year and 30-year bonds using the PV
function to calculate and compare these changes. Please refer to the candidate
learning ecosystem online for a spreadsheet of these calculations.

Bond A B
Face Value 100 100
Price 100 100
Coupon Rate 0.015 0.015
Coupon Payment 1.50 1.50
Maturity 30 10
100 bps rise in YTM

YTM 0.025

Price 79.070 91.248
% change —20.93% —-8.75%
100 bps fall in YTM

YTM 0.005

Price 127.794 109.730
% change 27.79% 9.73%

We see that the percentage price change for the longer-maturity bond is
larger than that for the shorter-maturity bond. Also, we see that, in price terms,
the change for a YTM decrease is larger than that for a YTM increase.

Exceptions to the maturity effect exist but are rare in practice. They occur only
for low-coupon (but not zero-coupon), long-term bonds trading at a discount. The
maturity effect always holds on zero-coupon bonds, as it does for bonds priced at par
value or at a premium above par value.

Constant-Yield Price Trajectory

Bond prices change with the passage of time, even if the market discount rate remains
the same. As time passes, so as N in Equation 2 approaches zero, the bondholder
comes closer to receiving the par value at maturity, provided the issuer does not
default. The constant yield-price trajectory in Exhibit 6 illustrates price changes
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of two 10-year bonds over time: a 2% coupon bond issued at a discount and an 8%
coupon bond issued at a premium. At each time, the bond price is recalculated using
a market discount rate of 5%.

Exhibit 6: Constant-Yield Price Trajectory

Price (100 = par)
130
120
10

100 |
90
80

70
60
50 1 1 1 1 1 1 1 1 1 1

Year

2% Coupon 8% Coupon

The 2% coupon bond’s initial price is 76.835 per 100 of par value. The price increases
each year and approaches par value as the maturity date nears. The 8% coupon bond’s
initial price is 123.165, and it decreases each year, approaching par value as the matu-
rity date nears. Both prices are “pulled to par” Please refer to the candidate learning
ecosystem online for a spreadsheet of these calculations.

Convexity Effect

The percentage change in a bond’s price will also vary depending on how the yield
changes. The percentage price increase is greater, in absolute value, than the percentage
price decrease. This implies that the relationship between bond prices and yields is
not linear; instead, it is curved and “convex.” Exhibit 7 shows this general relationship
between a bond’s price and its yield-to-maturity.

Exhibit 7: Convex Price-Yield Relationship

Yield (%)

Price
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EXAMPLE 7

BRWA Bond: Convex Relationship

Despite a uniform increase and decrease in the BRWA bond’s annual yield-to-ma-
turity, notice how the resulting changes in price are different.

Face Value 100
Coupon payment 1.6
Number of periods 10

. % Price
YTM Change YTM Price Change
- 0.016 100.00 --
0.004 0.020 96.41 -3.59%
—0.004 0.012 103.75 3.75%

A decrease in the yield-to-maturity from 160 bps to 120 bps results in a
bond price increase of 3.75%, but an increase in the YTM from 160 bps to 200
bps results in a smaller bond price decrease. Based on this, we can say that the
BRWA bond has positive convexity. Convexity will be discussed in greater detail
in a later lesson.

KNOWLEDGE CHECK y

1. Recall the Romania bond from Example 4. It pays annual coupons at
a rate of 4.625% and has a face value of 100. Its issue date is 3 April 2019 and
its maturity date is 3 April 2049. Calculate its original yield-to-maturity at
issue if its issue price is 99.488.

Solution:

The original yield-to-maturity is 4.657%. The YIELD function arguments in
Microsoft Excel or Google Sheets are as follows:

=YIELD (settlement, maturity, rate, pr, redemption,
frequency, [basis])

=YIELD(DATE(2019,4,3),DATE(2049,4,3),0.04625,99.488,100, 1)

=4.657%

2. Describe the coupon effect.
Solution:

Given two non-callable, fixed-coupon bonds that have different coupons but
are otherwise identical, for a change in yield, the lower-coupon bond will
have a greater percentage price change than the higher-coupon bond.

3. Describe the maturity effect.
Solution:

Generally, for two bonds that are identical except for their times-to-maturi-
ty, the longer-maturity bond will have a larger percentage price change than
will the shorter-maturity bond when yields change by the same amount.
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4. Two non-callable, fixed-coupon bonds have the same maturity date. One
trades at a discount; the other trades at a premium. If the yield stays con-
stant until the bonds mature and neither defaults, the two bonds’ prices will,
over time:

A. converge.
B. remain unchanged.

C. diverge.

Solution:

A is correct. The prices will converge because of the “pull-to-par” effect. As
the maturity date nears, the present values of future cash flows will fall or
rise to the par value, provided that the issuer does not default.

MATRIX PRICING

] describe matrix pricing

Matrix Pricing Process

Unlike listed equity securities, most bonds are not actively traded, so there is often
no current market price available to calculate yield-to-maturity. The same problem
occurs for bonds that are not yet issued. In these situations, it is common to estimate
price by using the prices of comparable but more frequently traded bonds. These
comparable bonds have similar times-to-maturity, coupon rates, and credit quality.
This estimation process, illustrated in Exhibit 8 and Exhibit 9, is called matrix pricing.
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Exhibit 8: Matrix Pricing

Maturity (Years) Maturity of inactively
/ traded bond

Yield-to-Maturity of
Inactively traded bond

)

Yields of actively traded

® bonds for similar issuers
°

vovereign "on-the-run”
yield curve

Maturity Years

ng Price of New or llliquid Bond Using Matrix Pricing

Identify actively
traded,comparable

Calculate yields-to-

times-to-maturity,
coupon rates, and
credit quality.

bonds based on similar | | maturity for each of the

comparable bonds, and
calculate average yield
for each maturity year.

Linearly interpolate
calculated YTMs of the
comparable bonds to
estimate YTM closest

Using estimated YTM,

calculate the price of
the new/illiquid bond

by discounting all
coupon and pricipal
payments.

to the new/illiquid
bond's maturity

For example, suppose that an analyst needs to value a three-year, 4% semiannual
coupon payment corporate bond, Bond X. Assume that Bond X is not actively traded
and that there are no recent transactions reported for this particular security. Exhibit
10 and Exhibit 11 shows quoted prices and yields-to-maturity for four corporate
bonds with very similar credit quality, in tabular and matrix form (by coupon rate
and time-to-maturity).
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Exhibit 10: Actively Traded Comparable Bonds

c 5 years 2.00% 90.25 4.181%

Exhibit 11: Actively Traded Comparable Bonds Matrix

2% Coupon 3% Coupon 4% Coupon 5% Coupon

Two Years 102.250
3.821%

Three Years

Four Years

4.181%

Five Years 90.250 -

Next, the analyst calculates the average yield for each year: 3.8035% for the two-year
bonds and 4.1885% for the five-year bonds.

003786 2 0.03821 _ 3 8035%

w = 4.1855%

The estimated three-year yield for bonds of similar credit quality can be obtained with
linear interpolation. The interpolated yield is 3.932%.

0.038035 + (253 ) x (0.041885 - 0.038035) = 0.03932.

Using 3.9318% as the estimated three-year annual yield, the three-year, 4% semiannual
coupon payment corporate bond has an estimated price of 100.191 per 100 of par value.

2 N 2 N 2 N 2 N 2 ,
(1.019659!  (1.019659)2  (1.019659)3  (1.019659)* = (1.019659)°
12 _ 100.191.

(1.019659)0

Calculation of yield-to-maturity can also be done with the Excel or Google Sheets
YIELD function:

=YIELD(DATE(2025,10,1),DATE(2028,10,1),0.04,100.191,100,2,1)
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Matrix pricing also is used in underwriting new bonds to get an estimate of the
required yield spread over the benchmark rate, or the difference in yield-to-maturity
between the bond and that of a government benchmark bond with the same or a
similar time-to-maturity.

Suppose that a corporation is about to issue a five-year bond. The corporate issuer
currently has a four-year, 3% annual coupon payment debt liability. The price of that
bond is 102.400 per 100 of par value. This is the full price, which is the same as the
flat price because the accrued interest is zero. This implies that the coupon payment
has just been made and there are four full years to maturity. The four-year rate of
return required by investors for this bond is 2.36%:

3 3 : 1037 = 0.0236.

= + +
102400 = T G T A T

This can also be calculated using the YIELD function in Microsoft Excel or Google
Sheets:

=YIELD(DATE(2025,10,1),DATE(2029,10,1),0.03,102.401,100,2,1)

Suppose that there are no four-year government bonds to calculate the required
yield spread on this security. However, there are three-year and five-year government
bonds that have yields-to-maturity of 0.75% and 1.45%, respectively. The average of
the two yields-to-maturity is 1.10%, which is the estimated yield for the four-year
government bond. Therefore, the estimated required yield spread is 126 bps over the
implied benchmark rate (0.0236 — 0.0110 = 0.0126).

The issuer now has an estimate of the four-year yield spread: 126 bps. This spread
is a reference point for estimating the five-year spread for the newly issued bond.

QUESTION SET [ y

1. True or false: Bond price quotes on such platforms as Bloomberg
often represent the price at which the most recent trade for that bond was
made.
A. True

B. False
Solution:

False. Most bonds are infrequently traded, so price quotes on such platforms
as Bloomberg are often estimated using matrix pricing methods.

2. An analyst is estimating a price for an illiquid four-year, 4.5% annual cou-
pon payment corporate bond. The analyst identifies two corporate bonds
that have similar credit quality: One is a three-year, 5.50% annual coupon
payment bond priced at 107.500 per 100 of par value, and the other is a five-
year, 4.50% annual coupon payment bond priced at 104.750 per 100 of par
value. Using matrix pricing, the estimated price of the illiquid bond per 100
of par value is closest to:

A. 103.895.

B. 104.991.

C. 106.125.
Solution:

B is correct. The first step is to determine the yields-to-maturity on the
observed bonds. The required yield on the three-year, 5.50% bond priced at
107.500 is 2.856%:
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550 550 . 10550,
a+n' A+ a+n¥

The required yield on the five-year, 4.50% bond priced at 104.750 is 3.449%:

107.500 =

r = 0.02856.

4.50 4.50 4.50 4.50 104.50 .

104.750 = A+ a+m»2 a+»3 a+»* a+»>

r = 0.03449.

The estimated yield for a four-year bond having the same credit quality is
the average of two required yields:

0.02856 + 0.03449

: = 0.031525.

Given an estimated yield-to-maturity of 3.153%, the estimated price of the
illiquid four-year, 4.50% annual coupon payment corporate bond is 104.991
per 100 of par value:

4.50 4.50 4.50 104.50
(1.0315251  (1.031525)%  (1.031525)3  (1.031525)%

= 104.991.

3. An analyst uses the matrix pricing approach to determine the price of an
illiquid bond. Identify three bond features that could be used to compare
frequently traded bonds with the illiquid one.

Solution:

Matrix pricing involves determining the price of a new or illiquid bond by
comparing it to frequently traded bonds with similar

1. maturity,
2. coupon rates, and

3. credit quality.
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PRACTICE PROBLEMS

1. A non-callable, fixed-coupon bond has a price of 106.0625 and a YTM of 2.8%. If
the YTM were to increase instantaneously by 80 bps, the price of the bond would
decrease by 11%. If the YTM were to decrease instantaneously by 80 bps, the
price of the bond would increase by:

A. less than 11%.
B. exactly 11%.
C. more than 11%.
2. Exceptions to the maturity effect exist for bonds that have:
A. long maturities, make small coupon payments, and trade at a discount.
B. short maturities, have high coupon rates, and trade at a discount.

(. long maturities, have high coupon rates, and trade at a premium.

3. With a constant market discount rate, as a non-callable, fixed-coupon bond
approaches maturity:

A. the price—yield relationship will become more convex.
B. alow-coupon bond trading at a discount will increase in price.
C. ahigh-coupon bond trading at a premium will increase in price.

4. A fixed-income analyst is pricing a bond using the following equation.

3 3 n 103

= + Fo
i (1+0.0275)1  (1+0.0275)2 (1+0.0275)40

The bond’s price, relative to par, is most likely:

A. greater than 100.
B. exactly 100.

C. less than 100.

5. A four-year, 2.0% semiannual coupon bond that pays coupons semiannually is
trading at a price of 102.581. The bond’s annualized yield-to-maturity is closest to:

A. 0.67%.
B. 1.34%.
€ 2.22%.

6. A bond is traded in between its coupon payment dates. Which of the following is
true?

A. The buyer must pay the full price plus the accrued interest.
B. The bond’s quoted price is greater than its flat price.

(. Accrued interest is not included in the flat price.
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7. An analyst is analyzing a bond that will soon be issued by XYZ Company. The
new bond will have five years to maturity and a 2.25% coupon, paid semiannually.
XYZ has never issued bonds before, so the analyst will use matrix pricing. The
analyst has identified four similar bonds with the following characteristics.

Bond Maturity Coupon (S/A) YTM

A 4 Years 2.250% 1.6995%
B 4 Years 1.750% 1.5438%
C 7 Years 2.250% 2.2671%
D 7 Years 1.500% 1.9576%

Using the information provided, create a pricing matrix for the analyst to es-
timate the price of the XYZ five-year bond by filling in the matrix below with
Bonds A, B, C, and D:

Coupon Rate

1.50% 1.75% 2.25% 2.25%

4 Years
5 Years
6 Years
7 Years
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Solutions

SOLUTIONS

C is correct. The absolute amount of the price increase would be more than the
absolute amount of the price decrease for the same absolute change in YTM
because of the convex relationship between bond price and yield.

A is incorrect because of the positive convex relationship between bond price
and yield. For a given level of yield change, the price rise for that given amount
of yield decrease will be larger than the price decline for that amount of yield
increase.

B is incorrect because the relationship between bond price and yield is not linear.

A is correct. Exceptions to the maturity effect are rare and occur only for
low-coupon (but not zero-coupon) long-term bonds trading at a discount.

B is incorrect because the maturity effect holds for bonds that have short matur-
ities and high coupons.

C is incorrect because the maturity effect always holds on bonds priced at a pre-
mium above par value.

B is correct. Any bond trading at a discount will increase in price because of the
pull-to-par effect.

A is incorrect because the price—yield relationship generally becomes less convex
as a bond approaches maturity.

C is incorrect because a high-coupon bond trading at a premium will decrease in
price as it approaches maturity.

4. Ais correct. The bond’s periodic coupon rate exceeds the periodic market dis-
count rate, or its coupon rate is “excessive” relative to the market. Therefore, the
bond will trade at a premium to par.

B is incorrect. For the bond to trade at par, the coupon rate and market discount
rate (yield-to-maturity) must be equal.

C is incorrect. For the bond to trade at a discount, the yield-to-maturity would
have to be higher than the coupon rate.

5. Bis correct. Two approaches to calculating the yield-to-maturity are calculating
an IRR or using the YIELD function in Microsoft Excel or Google Sheets. The
periodic IRR is annualized by multiplying by two.

Period Cash Flow YIELD Function

0 -102.581 Settlement date 1/1/2000

1 1 Maturity date 1/1/2004

2 1 Coupon 0.02

3 1 Price 102.581

4 1 Redemption 100

5 1 Coupon frequency 2

6 1 Yield 1.34%

7 1

8 101

Periodic IRR 0.67%

Annualized IRR 1.34%

A is incorrect because 0.67% is the periodic, not annualized, yield-to-maturity.
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C is incorrect. Note that this choice can be eliminated because the bond is trad-
ing at a premium; thus its yield-to-maturity is lower than its coupon rate of 2.0%.

6. Cis correct. The flat price, quoted by bond dealers, is the full price less accrued
interest. Accrued interest is not included in the flat price.

A is incorrect. The buyer must pay the full price, which already includes accrued
interest.

B is incorrect. The flat price is the quoted price.

7. To price the new XYZ bond, the analyst should group yields for comparable
bonds in a matrix with maturities and coupon rates.

Coupon Rate

1.50% 1.75% 2.25% 2.25%
4 Years B A
5 Years
6 Years

7 Years D C
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LEARNING MODULE

Yield and Yield Spread Measures
for Fixed-Rate Bonds

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] calculate annual yield on a bond for varying compounding periods in
a year
] compare, calculate, and interpret yield and yield spread measures for

fixed-rate bonds

INTRODUCTION

Earlier lessons demonstrated the relationship between bond prices and yields-to-maturity
(YTMs), as well as other features, such as coupon rate and time-to-maturity. Two
important considerations for interpreting and determining yields-to-maturity and
other yield measures are the assumed frequency of compounding interest and the
presence of embedded options that could affect cash flow amounts or timing. This
module explores these considerations and extends the analysis of yields by introducing
spread measures, which compare yields to benchmark rates to ascertain how much
an investor would be compensated for taking certain risks.

LEARNING MODULE OVERVIEW %

= Yields-to-maturity allow analysts to use a single measure to
compare bonds with varying maturities and coupons. An
important factor in yield determination and interpretation is the fre-
quency of compounding, known as periodicity.

= All else equal, more frequent compounding results in greater future
values or returns. Therefore, compounding more frequently at a lower
rate can be equivalent to compounding less frequently at a higher rate;
the more frequent compounding makes up for the lower rate.

= Prices and yields of bonds with embedded options require adjustments
to reflect the value of the option. The option-adjusted yield spread and
yield-to-worst are measures that reflect option values.
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= Yield measures for a bond, as well as changes in them, can be decom-
posed into a benchmark rate and a spread over the benchmark rate.
Benchmark rates reflect macroeconomic, “top-down” conditions that
affect all bonds in a market, while spreads capture issuer-specific,
“bottom-up” factors, such as credit risk, liquidity, and taxation.

= Similar to how a yield curve graphically depicts the relationship
between yields-to-maturity and times-to-maturity for securities with
the same risk profile, benchmark rates and spreads can be graphed by
time-to-maturity as well, to show the term structure of credit spreads.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of the learning module.

1. Complete the sentences by filling in the blanks using the following words:
annualized
compounded
standardized

Both capital market securities’ yields and money market rates with maturity
dates shorter than one year are . However, money mar-
ket rates are not

Solution:

Both capital market securities’ yields and money market rates with maturity
dates shorter than one year are annualized. However, money market rates

are not compounded.

2. A three-year sovereign non-callable bond is priced at 106.24 per 100. The
bond pays a 2% semiannual coupon. The annual yield-to-maturity for the
bond is closest to:

A. —-0.077%.

B. —-0.039%.

C. 1.883%.
Solution:

A is correct. Given that the bond pays coupons semiannually, the semiannu-
al yield-to-maturity is calculated by solving for r in the following equation.
Additionally, the IRR or YIELD functions in Microsoft Excel and Google
Sheets can be used.

1 1 1 1 1 101
(1+n! * (1+r)? - (1+7r)?3 " 1+ " (1+7r) * 1+n°
r = —0.00038596.

Given that the yield is expressed in semiannual terms, it needs to be annual-
ized by multiplying by 2, which results in —0.000772, or —0.077%.
B is incorrect because it is the semiannual, not annual, yield.

106.24 =
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Cis incorrect because 1.883% is the bond’s current yield, not
yield-to-maturity.

3. A fixed-income analyst obtains the following data for three corporate bonds
with the same maturity dates. The relevant government bond benchmark
rate, calculated on a semiannual bond equivalent basis, is 1.10%. Calculate
the G-spread for each bond.

Bond A Bond B Bond C
Yield-to-maturity 1.271% 1.213% 1.178%
Coupon frequency and Annual Semiannual Quarterly

assumed periodicity

Solution:

The G-spread for Bond B is (0.01271 — 0.011) = 173 bps.
Before computing the G-spreads for Bonds A and C, the yields-to-maturity
must first be converted to a periodicity of two. The semiannual equivalent
yield for Bond A is 1.267%:

)

(1 APR) (
(1+001271 =( APRz)

1.267%.

APR, = 0.01267

Thus, its G-spread is (0.01267 — 0.011) = 167 bps.
The semiannual equivalent yield for Bond C is 1.1797%:

APR,\" APR,\"

(1+ m ) =<1+ n )
APR

(1 L 001178 001178 < 2>

APR, = 0011797 = 1. 1797%

Thus, its G-spread is (0.011797 — 0.011) = 8 bps.

4. If a bond has an embedded call option and the value of the call option is
positive, the option-adjusted price, compared to the flat price of the bond, is
most likely:

A. lower.

B. the same.

C. higher.

Solution:

A is correct. The value of the call option is the price of the option-free bond
minus the price of the callable bond. If the value of the call option is posi-
tive, then the option-adjusted price is lower compared to the flat price of the
bond.

B is incorrect because if the value of the call option is positive, the op-
tion-adjusted price compared to the flat price of the bond is lower, not the
same.
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C is incorrect because if the value of the call option is positive, the op-
tion-adjusted price compared to the flat price of the bond is lower, not
higher.

PERIODICITY AND ANNUALIZED YIELDS

[

calculate annual yield on a bond for varying compounding periods in
a year

Investors analyzing bonds with various cash flow and maturity profiles seek a stan-
dardized yield measure to compare across different choices. Yield measures are usu-
ally annualized in order to allow a direct comparison. For capital market securities
maturing in more than one year, investors want an annualized and compounded
yield-to-maturity. Conventions for instruments maturing in one year or less will be
covered in a later lesson.

An annualized and compounded yield on a fixed-rate bond depends on the assumed
number of interest periods in the year, which is called the periodicity of the annual
rate. The periodicity typically matches the frequency of coupon payments. For exam-
ple, the fixed-coupon five-year bond issued by Bright Wheels Automotive (BRWA)
from earlier lessons pays semiannual coupons with a stated annual yield-to-maturity
of 3.2% for a periodicity of 2—the rate per semiannual period (1.6%) times 2. A bond
that pays quarterly coupons has a stated annual yield for a periodicity of 4—the rate
per quarter times 4.

Exhibit 1 shows how a 5% stated annual yield-to-maturity generates different
amounts in one year with annual, semiannual, quarterly, monthly compounding based
on a fixed-rate par bond priced at 100.

Exhibit 1: Effective Annual Rate for Different Compounding Periods

Time } !
t=0 t=1
Periodicity Bond interest at year end
(Rate per Period) ) B (Price =100)
- TN
Annual 5.00
(5.00%) - R
N Y
Semi-annual 5.0625
(2.50%)
N N N )
Quarterly 5.0945
(1.25%)
INONONONONONONONONONNNNN
Monthly 5.1162
(0.4167%)

The bond interest amounts on the right-hand side of Exhibit 1 expressed as percentages
are known as effective annual rates. An effective annual rate has a periodicity of 1
because there is just one compounding period in the year. For example, for a quarterly



© CFA Institute. For candidate use only. Not for distribution.

Periodicity and Annualized Yields

coupon bond that pays 1.25% per period, or an annual coupon rate of (1.25% x 4)
= 5%, each coupon received is assumed to be reinvested at the periodic rate—here,
1.25%—for the remainder of the year. We can solve for the future value of these cash
flows using the Excel or Google Sheets FV function:

=FV (rate, nper, pmt, [pv], [typel),
where
rate is the periodic reinvestment rate
nper is the number of periods in a year
pmt is the rate per period
[pv] is the present value

[type] indicates when payments occur, with 0 designating payment at the end
of each period

For the quarterly coupon bond:
=FV(0.0125,4,1.25,0,0) = 5.0945.

Therefore, assuming each coupon is reinvested at 1.25% through the end of the
year, a quarterly coupon bond with an annual stated rate of 5% generates the same
interest as an annual coupon bond with a stated rate of 5.0945%. The Excel or Google
Sheets EFFECT function may also be used to calculate the effective annual rate for a
given number of compounding periods per year.

The most common periodicity in the United States, the United Kingdom, and sev-
eral other fixed-income markets is 2 because most bonds in these jurisdictions make
semiannual coupon payments. An annual rate having a periodicity of two is known as
a semiannual bond basis yield, or semiannual bond equivalent yield. Therefore, a
semiannual bond basis yield is the yield per semiannual period times 2. It is important
to remember that “semiannual bond basis yield” and “yield per semiannual period”
have different meanings. For example, if a bond yield is 2% per semiannual period,
its annual yield is 4% when stated on a semiannual bond basis.

EXAMPLE 1

Periodicity of Zero-Coupon Bonds

The periodicity of the annual market discount rate for a zero-coupon bond is
arbitrary because there are no coupon payments. Consider a five-year, zero-cou-
pon bond priced at 80 per 100 of par value. Assuming annual compounding, or
a periodicity of one, the yield-to-maturity is 4.564%.

_ 100 .
80 aA+n>

r = 0.045640;4.564%

Assuming quarterly compounding, or a periodicity of four, the annual yield-to-ma-
turity for this same five-year, zero-coupon bond is 4.488%.

R0 = - 103)20; = 0.011220; x 4 = 0.044880.

As shown in Exhibit 2, 2.2565% compounded 2 times a year, 1.1220% com-
pounded 4 times a year, and 0.3726% compounded 12 times a year are all equiv-
alent to an effective annual rate of 4.564%.
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Exhibit 2: Periodicity of Annual Discount Rate for Zero-Coupon Bond

Column 3: Column 5:
Column 6:

Column 1 Column 2 (Col. 2 x 5) Column 4 (Col. 2 x Col. 4) (1+Col. 4)A(Col-2)

Number of Periodic Periodic YTM

Number of Compounding Yield-to- Annual Yield- to-Ma- Compounded at

Periodicity Periods/ Year Periods Maturity (%) turity (%) Periods/ Year (%)
Annual 1 5 0.045640 0.045640 0.045640
Semi-annual 2 10 0.022565 0.045130 0.045640
Quarterly 4 20 0.011220 0.044879 0.045640
Monthly 12 60 0.003726 0.044712 0.045640

The compounded total return is the same for each expression for the annual
rate. They differ in terms of the number of compounding periods per year—that
is, in terms of the periodicity of the annual rate. For a given pair of cash flows,
the stated annual rate and the periodicity are inversely related.

An important tool in fixed-income analysis is the conversion of an annualized
yield using one periodicity to another periodicity. These are called periodicity, or
compounding, conversions. Equation 1 shows a general formula to convert an annual
percentage rate (APR) for m periods per year, denoted APR,,, to an annual percentage
rate for n periods per year, APR,:

APR,\" APR,\"

(1+252) = (1+550) 1)
For example, suppose that a three-year, 5% semiannual coupon payment corporate
bond is priced at 104 per 100 of par value. Its yield-to-maturity is 3.582%, quoted on
a semiannual bond basis for a periodicity of 2: 0.01791 x 2 = 0.03582.

2.5 2.5 2.5 2.5 2.5 1025 . _
Qanl T Aan aim et arms arpe - 0019L

104 =

To compare this bond with others, an analyst converts this annualized yield-to-maturity
to quarterly and monthly compounding. Doing so entails using Equation 1 to convert
from a periodicity of m = 2 to periodicities of » = 4 and n = 12.

(1 *%)2 = (1 +A}ZR4)4;APR4 = 0.03566.

(1 N 0.03582)2

APR,\ 12
> = (1+ : APR;, = 0.03556.

12

An annual yield-to-maturity of 3.582% for semiannual compounding provides the
same rate of return as annual yields of 3.566% and 3.556% for quarterly and monthly
compounding, respectively. A general rule for periodicity conversions is compounding
more frequently at a lower annual rate corresponds to compounding less frequently at a
higher annual rate. This rule can be used to check periodicity conversion calculations.
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EXAMPLE 2

Comparing Strip Bonds to Coupon Bonds

Financial intermediaries can own coupon bonds and then issue individual
zero-coupon bonds composed of coupon or principal payments from the cou-
pon bonds. These zero-coupon bonds are known as strip bonds. Strip bonds are
attractive to investors seeking to match known cash flows on a specific future date.

A 20-year government of Canada strip (zero-coupon) bond is priced at
69.4300 per 100. An analyst wants to compare the yield of the strip bond with
that of a newly issued 20-year coupon bond. Both the strip bond and the coupon
bond are non-callable. The 20-year coupon bond pays semiannual coupons of
2%, and its current price is 101.99 per 100, which corresponds to a semiannual
bond equivalent yield of 1.880%.

The analyst will compute a semiannual bond equivalent yield for the strip
bond and compare it to the semiannual bond equivalent yield of 1.880% of the
20-year coupon bond.

There are two approaches. The first involves calculating a yield-to-matu-
rity assuming annual compounding for the strip bond and converting it to
a semiannual equivalent bond yield. The second approach involves directly
computing a semiannual yield-to-maturity for the strip bond and annualizing
it by multiplying it by 2.

Approach 1

The 20-year strip bond does not pay any coupons, so as the first step, we assume
annual compounding (periodicity of 1) to calculate an effective annual rate based
on the current price and remaining years to maturity.

100

6943 =

;7 = 0.01840997 = 1.841%.

The next step is to convert the effective annual rate to semiannual bond equiv-
alent yield. This is done by using Equation 1 to convert from a periodicity of 1
to a periodicity of 2.

(1 JrAPR )

(1+
(1 +001841 ( APRz)
04 =

APR )

APR, = 0018326 1.833%.

Approach 2

Alternatively, we can assume that compounding happens semiannually (period-
icity of two) and the effective rate calculated would be semiannual.

100/ = 0.009163 = 0.916%.

6943 =

To annualize this, we multiply it by 2 and obtain the same result as the first
approach: 1.833%.
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EXAMPLE 3

Periodicity Conversion with Negative Yields

Assume the German government issues a five-year zero-coupon bond at a price
of 103.72. Calculate the effective annual rate of the bond at issuance assuming
annual, semiannual, and monthly compounding.

Solution:

First, we can calculate the German bond’s yield-to-maturity as an effective annual
rate assuming the periodicity of 1.

100, — —0.00727834 = —0.7278%.

103.72 = 055

Converting that yield to semiannual and monthly compounding requires using
Equation 1 to convert to from a periodicity of 1 to periodicities of 2 and 12,
respectively.

Conversion of an annual yield (m = 1) to semiannual (# = 2):

(1+APRm)m B (1+APR”)"

m - n o
-0.007278\ ! _ APRy\?

(140007278 (1+ ) .

2
APR, = —0.007291 = —0.7291%.

Conversion of an annual yield (m = 1) to monthly (n = 12):
APR,\" APR,\"
(1+ m ) =<1+ n )
12
-0.007278\ ! _ ( APRy,
(=S — (S5

12
APR, = —0.007303 = —0.7303%.

Note: Quantities in the calculation are not rounded, though they are shown
with three decimal places for presentation purposes. Solutions are rounded to
three decimal places.

QUESTION SET [ f

1. A bond has a yield-to-maturity of —0.50% using annual compound-
ing. If the yield is converted to monthly compounding, it will most likely be:

A. greater than —0.50%.
B. equal to —0.50%.

C. less than —0.50%.

Solution:

Cis correct. A general rule for periodicity conversions is compounding
more frequently within the year corresponds to a lower (or more negative)
yield-to-maturity.
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2. Convert a yield of 1.736% compounded monthly to an effective annual rate.
Solution:

The effective annual rate assumes only one compounding period in a year
(periodicity of 1). Converting from monthly to annual compounding re-
quires converting from a periodicity of 12 to 1:

(1+258)" = (14 250)"

12 APR\ !
(1-009) " - (1:41)'

APR; = 0.0175 = 1.75%.

3. When calculating yield-to-maturity for a strip (zero-coupon) bond, the peri-
odicity must be 1.

Justify your answer.

A. True
B. False
Solution

False. The periodicity of the annual market discount rate for a zero-coupon
bond is arbitrary because there are no coupon payments. For example, a
yield calculated using quarterly periodicity (4) can simply be converted to a
yield with annual periodicity (1).

OTHER YIELD MEASURES, CONVENTIONS, AND
ACCOUNTING FOR EMBEDDED OPTIONS

] compare, calculate, and interpret yield and yield spread measures for
fixed-rate bonds

Other Yield Measures and Conventions

The current yield, a simple measure equal to a bond’s annual coupon divided by the
flat price, was introduced in an earlier lesson. For example, if the BRWA 3.2% semi-
annual fixed-coupon five-year bond introduced earlier were trading at a price of 98.7
per $100 in face value at time ¢, its current yield would be

CY, = Annual coupon,/Bond price, 2)

=3.2%/0.987 = 3.242%.

The current yield is a crude measure of return because it focuses solely on interest
income, ignoring the frequency of coupon payments, interest on interest (time value
of money), and accrued interest. In addition to collecting and reinvesting coupon pay-
ments, the investor has a gain if the bond is purchased at a discount and is redeemed
at par value. The investor has a loss if the bond is purchased at a premium and is
redeemed at par value.
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In practice, the actual timing of cash flows is important for quoting and calculating
bond yields-to-maturity. Consider from earlier the 30-year 4.625% annual coupon
Romania eurobond maturing on 3 April 2049. Suppose that for settlement on 3 April
2026, the bond is priced at 97.3684 per 100 of par value to yield 4.75% quoted on an
annual, actual/actual basis. Its coupon payment is scheduled for 3 April of each year.
The yield calculation implicitly assumes that the payments are made on those exact
dates. This calculation ignores the fact that several of those dates are not business days.
For example, both 3 April 2027 and 3 April 2032 are Saturdays, so investors will receive
coupon payments on the following Mondays, 5 April 2027 and 2032, respectively.

Yield measures that assume payments are made on scheduled dates and that do not
account for weekends and holidays are quoted on what is called street convention.
This assumption simplifies bond price and yield calculations and commonly is used
in practice. A true yield that uses the actual payment dates (e.g., 5 April 2027 and
2032 in the Romania bond example), accounting for weekends and holidays, can also
be computed. The true yield is never higher than the street convention yield because
weekends and holidays delay the time to payment. The difference is typically small,
no more than a basis point or two. Therefore, the true yield is not commonly used
in practice.

Recall that corporate bond yields typically use the 30/360 day count convention.
Sometimes, these yields are restated using an actual/actual day count, known as a
government equivalent yield. The government equivalent yield on a corporate bond
can be used to obtain the spread (difference) over a government bond yield.

EXAMPLE 4

Government Equivalent Yield for BRWA Five-Year Bond

In an earlier example, BRWA issued a 3.2% semiannual fixed-coupon five-year
bond at par. As is standard for corporate bonds, the BRWA bond yield is calcu-
lated on a 30/360 day count basis. The comparable five-year US Treasury bond
yields 2.3%, but as a government bond, the yield is calculated using the actual/
actual day count basis. While the yield difference appears to be 90 bps (= 3.2%
— 2.3%), the day count bases differ.

Calculate the government equivalent yield for the BRWA bond and show
the yield difference between the BRWA and government bonds based on the
same day count basis.

Solution:

A simple approximation for restating a corporate bond yield from the 30/360
day count basis to the actual/actual day count basis is to multiply the BRWA
bond yield by 365/360.

. 365 o,
Yield criacr = 360 % Yiel d3o/360-

Yield cmacr = 22 % 0.032.

YieldACT/ACT = 3244%.

The bond equivalent yield for the BRWA bond is 3.2444%; hence, the
yield-to-maturity difference between two bonds is 94.4 bps (= 3.2444% — 2.3%).

Sometimes the simple yield on a bond is quoted. It is the sum of the coupon pay-
ments plus the straight-line amortized share of the gain or loss, divided by the flat price.
Simple yields are used mostly to quote Japanese government bonds, known as JGBs.



© CFA Institute. For candidate use only. Not for distribution.

Other Yield Measures, Conventions, and Accounting for Embedded Options

Exhibit 3: Summary of Yield Conventions

Convention Meaning

Actual/Actual Actual number of days from prior coupon payment to settlement

(Act/Act) date/number of days in a coupon period, assuming the actual number
of days in a year. Typically used with government bonds.

30/360 Number of days from prior coupon payment to settlement date,

Street Convention

True Yield

Government
Equivalent Yield

Simple Yield

assuming 30 days in a month/number of days in a coupon period,
assuming 360 days in a year. Typically used with corporate bonds.

Yield measure that does not account for weekends and bank holidays
and thus assumes cash flows are paid on their scheduled dates.

Yield measure that accounts for weekends and bank holidays and thus
assumes cash flows are paid after their scheduled dates. True yield is
never higher than street convention yield due to the delay in time to
payment.

Yield measure that restates a yield-to-maturity based on a 30/360 day
count to one based on an actual/actual day count. It is used to restate
the YTM on a corporate bond to obtain the spread over the govern-
ment YTM.

Yield measure that is the sum of coupon payments plus the
straight-line amortized share of the gain or loss, divided by the flat
price. It is used mostly to quote Japanese government bonds (JGBs).

EXAMPLE 5

Comparing Yields for Different Periodicities

An analyst observes the following reported statistics for two bonds.

BRWA
Antelas AG Bond Bond

Annual Coupon Rate 3.20% 2.50%
Coupon Payment Frequency Quarterly Semiannually
Years to Maturity 5 Years 5 Years
Price (per 100 of par value) 94 98.70
Current Yield 3.40% 2.53%
Yield-to-Maturity 4.548% 2.780%

1. Confirm the calculation of the current yield and yield-to-maturity for
the two bonds.

2. The analyst believes that the BRWA bond has less risk than the
Antelas AG bond. How much additional compensation, in terms of
basis points of yield-to-maturity, does a buyer of the Antelas AG bond
receive for bearing this risk compared with the BRWA bond?

Solution to 1:

Recall that the current yield is the annual coupon expressed as a percentage
of a bond’s flat price.

Current yield =

Annual coupon
Flat price

Current yield for Antelas AG bond:
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_ 320
cY = 52

CY = 0.0340 = 3.40%.
Current yield for BRWA bond:

250
CY = 5576

CY = 0.0253 = 2.53%.

Recall that the yield-to-maturity is an internal rate of return, the discount
rate r that equates the price of a bond to the present value of future cash flows.

PV =PMT /(1 + ' + PMT,/(1 + )2 + ... + (PMTy + FV)/(1 + V.

The yield-to-maturity can also be calculated using the YIELD and IRR func-
tions in Microsoft Excel or Google Sheets.

Antelas AG Bond BRWA Bond

Settlement date 1/1/2000 Settlement date 1/1/2000
Maturity date 1/1/2005 Maturity date 1/1/2005
Coupon 0.032 Coupon 0.025
Price 94 Price 98.7
Redemption 100 Redemption 100
Coupon frequency 4 Coupon frequency 2
YIELD 4.548% YIELD 2.780%

Solution to 2:

The yields-to-maturity on the two bonds have different periodicity assump-
tions. Therefore, the difference in the yields is not 177 bps (0.04548 — 0.02780).
It is essential to compare the yields for the same periodicity to make a statement
about relative value.

The Antelas AG bond yield-to-maturity of 4.548% for a periodicity of 4
converts to 4.574% for a periodicity of 2:

(1+250)" = (1425%)"

7
0.04548\4 ( APRz)
(1 +T) = 1+ 3 .

APR, = 0.04574 = 4.574%.

When the yields-to-maturity for the Antelas AG and BRWA bonds are stated
on a common periodicity, the additional yield that the buyer of the BRWA bond
receives to compensate for its higher risk, compared to the Antelas AG bond,
is (0.04574 — 0.02780) =179 bps.

Bonds with Embedded Options

If a fixed-rate bond contains an embedded option, other yield measures are used.
Recall from an earlier lesson that these bond contingency provisions cannot be
removed and traded separately from the bond. For example, a callable bond gives the
issuer the right to buy the bond back from the investor. This occurs at specific prices
on pre-determined dates after a call protection period during which the issuer is not
allowed to exercise the call option.
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For example, an earlier lesson on callable bonds introduced Vivivyu Inc. (VIVU)
seven-year callable notes (see Exhibit 4).

Exhibit 4: 6.5% VIVU Seven-Year Callable Notes Term Sheet

6.5% Vivivyu Inc. (VIVU) Seven-Year Callable Notes (The “Notes”)

Prospectus Summary

Issuer: Vivivyu Incorporated

Settlement Date: [T + 3 Business Days]

Maturity Date: [Seven Years from Settlement Date]

Principal Amount: US$ 400 million

Interest: 6.5% fixed coupon

Interest Payment: Starting six months from [Settlement] to be paid semiannually

with final payment on [Maturity]

Seniority: The Notes are secured and unsubordinated obligations of
VIVU and rank pari passu with all other secured and unsubor-
dinated debt

Call Provision: The Issuer may redeem some or all of the Notes on any
Business Day before [Maturity] starting three years after
[Settlement] based upon the Call Price Schedule as a percent-
age of the Principal Amount plus accrued interest

Call Price Schedule: 103.25% [Three to Four Years after Settlement]
102.50% [Four to Five Years after Settlement]
101.75% [Five to Six Years after Settlement]
101.00% [Six to Seven Years after Settlement]

The VIVU bond may not be called for the first three years, but the following year it
may be called at a price of $103.25 per $100 in face value. VIVU has the right to call
the bond for the final four years based on a fixed price schedule. Investors facing call
risk starting in Year 3 often estimate the lowest possible yield earned by calculating
the sequence of yields corresponding to the bond’s call dates.

Traditional yield-to-maturity measures assume that all cash flows occur as prom-
ised and therefore must be modified for callable bonds. Analysts must use alternative
return measures that take the bond’s call feature into account, such as the yield to
the first call date, the second call date, and so on. The yield-to-call is calculated by
modifying the general formula for calculating yield-to-maturity.

PMT PMT PMT + Call price

PV:(1+r)]+(1+r)2 W, 3

where
PV = the price of the bond
PMT = coupon payment per period
Call price = price at which a bond can be called on a given date
r = yield per period or market discount rate

N = number of evenly spaced periods to the date when a bond can be
called at the call price
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EXAMPLE 6

Yields-to-Call for the VIVU Bond

Assuming the call price schedule for the VIVU bond, the calculation of yields-to-
first, -second, -third, -fourth, and -worst call and yield-to-maturity are as follows:

Yield-to-first call:

3.25 3.25 3.25 3.25 3.25 103.25 +3.25

106'50:(1+r)1 (1+n? (1@+r3 A+n* (1+r)3 (1+n°

r = 0.025748 x 2 = 0.0515.

Alternatively, the YIELD function in Microsoft Excel or Google Sheets can
be used.

Yield-to-second call:

3.25 3.25 3.25 3.25 3.25 3.25
a+nt a+n? A+nd a+pt 1A+n° 1+n°
,_3.25 102.50 +3.25
T(1+n7 (1+n)8

106.50 =

r = 0.026237 x 2 = 0.0525.
Yield-to-third call:

3.25 3.25 3.25 3.25 3.25 3.25
= s

106.50 a+nt a+nr q+n3 q+n* qA+r)3 (1+)°

[ 325 3.25 325  101.75+3.25

a+n7 a+nd® qa+r’ 1+t

r = 0.02653 x2 = 0.0531.

Yield-to-fourth call:

3.25 3.25 3.25 3.25 3.25 3.25
106.50 = +F IF + +
06.50 a+nt a+n? A+n3 a+p* 1A+r° 1+0°
325 3.25 3.25 3.25 3.25 _ 101.00 +3.25
a+n7 a+nd® a+n? a+nl0 @a+nll (1+n'2

r = 0.026811 x 2 = 0.0536.

And finally, the yield-to-maturity assuming the bond is not called:

3.25 3.25 3.25 3.25 3.25 3.25

50 = 4 4 3 +
106.50 A+n!t q+n? q1+nd A+t qA+rd (1+n°
325 3.25 3.25 3.25 3.25 3.25

ST A+ A+ (1010 +nT T (14012
. 325 . 100.00 +3.25
a+n (1+nr

r = 0.026868 x 2 = 0.0537.

In summary, the yield measures for the VIVU bond are as follows:

Yield-to-first call 5.149%
Yield-to-second call 5.247%
Yield-to-third call 5.313%
Yield-to-fourth call 5.362%

Yield-to-maturity 5.374%




© CFA Institute. For candidate use only. Not for distribution.

Other Yield Measures, Conventions, and Accounting for Embedded Options

The lowest of the sequence of yields-to-call and the yield-to-maturity is known
as the yield-to-worst. For the VIVU bond, it is the yield-to-first call of 5.15%. The
intent of this measure is to provide to the investor the most conservative measure
for the rate of return.

The yield-to-worst is a commonly cited yield measure for fixed-rate callable bonds
used by bond dealers and investors. However, a more precise approach is to use an
option pricing model and an assumption about future interest rate volatility to value
the embedded call option. The value of the embedded call option is added to the flat
price of the bond to get the option-adjusted price. The investor bears the call risk
(the bond issuer has the option to call), so the embedded call option reduces the
value of the bond from the investor’s perspective. The investor pays a lower price for
the callable bond than if it were option-free. If the bond were non-callable, its price
would be higher. The option-adjusted price is used to calculate the option-adjusted
yield. The option-adjusted yield is the required market discount rate whereby the
price is adjusted for the value of the embedded option. The value of the call option is
the price of the option-free bond minus the price of the callable bond.

QUESTION SET [ y

1. Identify which of the following yield measures corresponds to the
characteristics listed below.

Yield Measure Characteristic

A. Simple Yield 1. Yield measure assuming one compounding
period per year

B. Effective Annual Rate 2. Yield measure that restates a yield based on a
30/360 day count to one based on an actual/actual
day count

C. Street Convention Yield 3. Yield measure that is the sum of coupon pay-

ments plus the straight-line amortized share of the
gain or loss, divided by the flat price

D. Government Equivalent 4. Assumes cash flows are paid on their scheduled
Yield dates, without accounting for weekends and bank
holidays
Solution:
Yield Measure Characteristic
B. Effective Annual Rate 1. Yield measure assuming one compounding
period in the year
D. Government Equivalent 2. Yield measure that restates a yield-to-maturity
Yield based on a 30/360 day count to one based on an

actual/actual day count
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Yield Measure Characteristic
A. Simple Yield 3. Yield measure that is the sum of coupon pay-

ments plus the straight-line amortized share of
the gain or loss, divided by the flat price

C. Street Convention Yield 4. Assumes cash flows are paid on their sched-
uled dates, without accounting for weekends and
bank holidays

2. An analyst calculated the following yields for a four-year callable bond. De-
termine the yield-to-worst.

Yield Measure Value

Yield-to-first call 0.000%

Yield-to-second call 0.157%

Yield-to-third call 0.939%

Yield-to-maturity —0.385%
Solution:

—0.3852%. The yield-to-worst is the lowest of the sequence of yields-to-call
and the yield-to-maturity. The intent of yield-to-worst is to provide to the
investor the most conservative assumption for the rate of return.

Use the following information compiled by a fixed-income analyst for two bonds,
on the day both were issued, to answer Questions 3 and 4.

Corporate Bond Sovereign Bond
Annual coupon rate 4.00% 1.00%
Coupon frequency Semiannual Quarterly
Years to maturity 3 Years 3 Years
Price (per 100 of par) 91 102
Day-count basis 30/360 Actual/actual
Call price schedule: 101.25 1-2 Years after -

settlement

3. The current yield of the sovereign bond is approximately:

A. 140 bps lower than the current yield of the corporate bond.
B. 340 bps lower than the current yield of the corporate bond.

C. 140 bps higher than the current yield of the corporate bond.
Solution:

B is correct. The current yield is the annual coupon expressed as a percent-
age of a bond’s price. The current yield of the corporate bond is 440 bps,
while the current yield of the sovereign bond is 98 bps, 342 bps lower.

4. The yield-to-first call of the corporate bond is closest to:

A. 2.15%.
B. 7.80%.
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C. 15.00%.
Solution:

C is correct. The yield-to-first call is the internal rate of return r for a call-
able bond assuming it is called at its earliest scheduled call date for its call

price.

py - _PMT_ | PMT PMT + Callprice
a+n' a+n? (1+nN

91 2 101.5+2

I

r=0.0762x2 = 0.1512.
The yield-to-first call for the bond is 15.12%.

YIELD SPREAD MEASURES FOR FIXED-RATE BONDS
AND MATRIX PRICING

] compare, calculate, and interpret yield and yield spread measures for
fixed-rate bonds

Yield Spreads over Benchmark Rates

In fixed-income security analysis, it is important to understand why bond prices and
yields-to-maturity change. To do this, it is useful to decompose a yield-to-maturity
into a base rate or benchmark and an issuer-specific spread. For example, an earlier
lesson introduced government benchmark bonds as the most liquid securities with the
lowest default risk for a specific time-to-maturity in each market. The yield spread
is the difference between the yield-to-maturity and the benchmark yield.

These two components help investors distinguish between macroeconomic
(top-down) and microeconomic (bottom-up) factors that affect the bond price and,
therefore, its yield-to-maturity. The benchmark rate captures the top-down factors,
while the spread captures the bottom-up factors, as shown in Exhibit 5.
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Exhibit 5: Yield-to-Maturity Components

Taxation

Spread Risk Premium . Liquidity

Credit Risk

Expected Inflation
Rate

Benchmark “Risk-Free” Rate of —<
Return

Expected Real
Rate

The most used benchmark rate is the most recently issued government bond, known
as an on-the-run security. The on-the-run government bond is the most actively
traded security and has a coupon rate closest to the current market discount rate for
that maturity. That implies that it is priced close to par value. Seasoned government
bonds are called off-the-run. On-the-run bonds typically trade at slightly lower
yields-to-maturity than off-the-run bonds with the same or similar times-to-maturity
because of differences in demand for the securities and, sometimes, differences in the
cost of financing the government security in the repo market.

The yield spread over a specific benchmark is referred to as the benchmark
spread and represents the risk premium for the credit and liquidity risks and possibly
the tax impact of holding a specific bond. Exhibit 6 shows the relationship between
yields-to-maturity for a specific issuer and a benchmark government yield curve.
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Exhibit 6: Issuer and Government Yield Curves

Yield (%)

40 r

Yield Spread

35 Over Treasuries
o

20 r On-the-Run

Treasuries

2 3 5 7 10 20

Spreads allow an analyst to better assess a bond’s relative value on a historical and
comparative basis by controlling for (excluding) macroeconomic factors, such as a
broad increase or decrease in benchmark rates. An analyst might compare the current
spread relative to its historical average and its past highs and lows and to other bonds
to help identify whether a bond is under- or overpriced on a relative basis.

The yield spread in basis points over an actual or interpolated government bond
yield is known as the G-spread and represents the return for bearing risks relative to
the sovereign bond. If there is no sovereign benchmark bond that matches the matu-
rity of the bond, an approximation process for finding the G-spread must be used, as
illustrated in Exhibit 7 and shown in the following example.

Exhibit 7: Finding G-Spreads When a Comparable Benchmark Bond Does

Not Exist

Calculate the bond's

current YTM. Linearly interpolate current
rates (YTMs) for the G-spread is difference
sovereign benchmark bonds between the bond's
with maturities closest to current YTM and the
(below/above) the given interpolated (appproximate)
bond's maturity, to find sovereign
an approximate sovereign benchmark rate.
rate matching the given
bond's maturity.
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Calculating G-Spread without a Comparable Benchmark

Bond

Assume that the Russian Federation has issued a 30-year US dollar—denominated
sovereign bond based on the following terms:

5.25% Russian Federation Bonds

Brief Summary of Terms

Issuer:

Settlement Date:
Maturity Date:
Principal Amount:
Interest:

Issuance Price:

Issuance Spread:

Issuance and Trading:

Seniority:

Exchanges:

Russian Federation

[T + 5 Business Days]

[30 Years from Settlement Date]

USD 750 million

5.25% fixed semiannual 30/360 basis
99.625

200 bp versus current US 30y Treasury
US Private Placement under Rule 144A
DTC / Euroclear / Clearstream

Senior Unsecured

Luxembourg

Six years after the original issuance date, on 15 March 2026, the bond is
trading at a price of 123.5 per 100 face value, and an analyst observes that 20-year
and 30-year US Treasury yields are currently 2.00% and 2.25%, respectively.
Calculate the current G-spread of the Russian Federation bond.

Step 1 Calculate the current yield-to-maturity of the Russian Federation
bond. We may solve for r using the general formula for bond price
and yield:

PV =PMT/(1 + r)l + PMT,/(1 + )% + ... + (PMTy + FV\)/(1 + PV,

Or we can use the Excel or Google Sheets YIELD function assuming a settle-
ment date of 15 March 2026:

=YIELD(DATE(2026,3,15),DATE(2050,3,15),5.25%,123.5,100,2,0)

=3.756%.

Step 2 Linearly interpolate the current 20-year (ry,) and 30-year (r3,,) US
Treasury yields to solve for an approximate 24-year (ry4,) US Treasury
benchmark:

1. Solve for the weights of the 20-year and the 30-year bonds in the
interpolation calculation:

20-year bond weight = w,, = 60% [= (30 — 24)/(30 — 20)].
30-year bond weight = w3, = 40%, or (1 — wy).

Note that (w5 x 20) + (w3 x 30) = 24.

2. The 24-year government rate is a weighted average of the 20-year
bond rate and the 30-year US Treasury rate using the weights
above.

T4y = Wop X 20y T W30 X T30y
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= (60% x 2.00%) + (40% x 2.25%) = 2.10%.

Step 3 The G-spread is the difference between the current Russian
Federation bond yield-to-maturity and the 24-year US government
rate:

1.656% = 3.756% — 2.10%, so the G-spread is 166 bps.

The yield spread for a bond over the standard swap rate in that currency of the
same tenor is known as the I-spread or interpolated spread. This type of spread is a
comparison against a short-term market-based reference rate and is common practice
for pricing and quoting euro-denominated corporate bonds, using a euro interest rate
swap as the benchmark. For example, the five-year zero-coupon euro bond issued
by the Chinese government at a negative yield-to-maturity from a prior lesson was
priced at a rate of “mid-swaps plus 30 bps,” where “mid-swaps” is the average of the
bid and offered swap rates.

Issuers will use the I-spread to determine the relative cost of fixed-rate bonds
versus floating-rate alternatives, such as a bank loan or commercial paper, while
investors use it as a measure of a bond’s credit risk. Whereas a standard interest rate
swap involves an exchange of fixed for floating cash flows based on a floating index, an
asset swap converts the periodic fixed coupon of a specific bond to a market reference
rate (MRR) plus or minus a spread. If the bond is priced close to par, this conversion
approximates the price of a bond’s credit risk over the MRR index.

EXAMPLE 8

Yield Spreads Using Bloomberg Fixed-Income Relative
Value (FIRV)

The Bloomberg FIRV function for the 3.75% Apple bond that matures on 12
September 2047 shows the following. Identify the yield and yield spread measures.

FIRV Function for 3.75% AAPL Bond Maturing 12 September 2047

AAPL3 % 09/12/47 Corp Settings [A Fixed Income Relative Value
82.439 3 4.988/4.928 BMRK@ 13:19 95) Buy 96) Sell
BVALasof __06/11/2021 [ 1102021 [Sf] 110un201 2] custom [
Spread Low Range High Avg+/-  bps  StdDev #SDs
1) Spreads to Curves (RV) Avg  ® Now
2) Spreads-Bench 72 69 —@— 89 8 5
76 73 o—— 96 3 6
ad 106 94 —r— 3 6
) Z-Spread 96 —— 2 ) 6
6) Credit Rel Value (CRVD)
7) CDS Basis

8) Bond vs Comparables (COMB) v Difference in comparable Z-Spreads over date range
Yield Spread i Lo Range Hi  Avg+/- [J
09/47 287 109
9) INTC 4 2.88 118 9 ———
HORRUERA 8. 257 87 22 —O—
11) ORCL 3.6 1 3.28 156 o——
12) MSI5 3.67 194 e .
13) HPE6.35 411 240
14) HPE 6.35 10/45 41 Pz
Avg of Comparables 3.44 173
15) BVAL Price 2.87

© 2021 Bloomberg L.P. All rights reserved. Reproduced with permission.
Solution:
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The yield spreads are in the top left corner. On the date of analysis:

= The yield spread over a particular Treasury benchmark was 72 bps.

= The G-spread over an interpolated government bond yield was 76 bps.
The spread over the benchmark and the G-spread sometimes differ by
a few basis points, especially if the benchmark maturity differs from
that of the underlying bond.

= The bond’s I-spread was 106 bps. An I-spread larger than the G-spread
indicates that Treasury yields were slightly higher than swap rates at
that time.

The use of these spreads in investment strategies will be covered in more
detail later. In general, an analyst will track these spreads relative to their averages
and historical highs and lows to identify relative value.

Yield Spreads over the Benchmark Yield Curve

Whereas the G-spread and I-spread are the difference between two single numbers
and use the same discount rate (yield-to-maturity) for each cash flow, a different
approach is to calculate a constant yield spread over a government (or interest rate
swap) spot curve, or series of yields. This spread is known as the zero-volatility spread
(Z-spread) of a bond over the benchmark rate. In other words, the Z-spread is what
must be added to each benchmark spot rate to make the present value of a bond’s
cash flows equal its price. In Example 8, the Z-spread for the Apple bond, as quoted
using the Bloomberg FIRV function, was 109 bps.

The Z-spread over the benchmark spot curve can be calculated with Equation 4:

_ PMT PMT . PMT+FV
T I N (E @

The benchmark spot or zero rates—zy, 2, . . . , zy—are derived from the government
yield curve (or from fixed rates on interest rate swaps), as shown in detail in a later
lesson. Z is the Z-spread per period and is the same for all time periods. In Equation
4, N is an integer, so the calculation is on a coupon date when the accrued interest is
zero. Sometimes, the Z-spread is called the “static spread” because it is constant (and
has zero volatility). In practice, the Z-spread is usually calculated in a spreadsheet
using a goal seek function or similar solver function.

The Z-spread is also used to calculate the option-adjusted spread (OAS) on a
callable bond. The OAS, like the option-adjusted yield, is based on an option-pricing
model and an assumption about future interest rate volatility. Then, the value of the
embedded call option, which is stated in basis points per year, is subtracted from the
yield spread.

OAS = Z-spread — Option value in basis points per year. ®)

This important measure is covered in detail later.
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Exhibit 8: Summary of Yield Spreads

Type Description

G-spread Government spread, the yield spread in basis points over an actual or
interpolated government bond. Used in the US, the UK, Japan, and
other jurisdictions.

I-spread Interpolated spread, the yield spread of a bond over the standard swap
rate in the same currency and with the same tenor. Euro-denominated
corporate bonds are typically priced vs. a euro interest rate swap
benchmark.

Z-spread Zero-volatility spread, a constant yield spread over a government (or
interest rate swap) spot curve used to derive the term structure of
credit spreads for an issuer.

Option-adjusted The Z-spread adjusted for the value of an embedded call option.
spread

EXAMPLE 9

The G-Spread and Z-Spread

A 1.5% semiannual coupon, US dollar—-denominated bond was issued by PT
Indonesia Infrastructure Finance (IIF) three years ago. Currently, the bond has
two years remaining to maturity and is trading at a price of 100.45. The two-
year, 0.75% semiannual payment government benchmark bond is trading at a
price of 100.750.

The government spot rates (stated as effective annual rates) are as follows:

Maturity Spot Rate
6M 0.127%
12M 0.249%
18M 0.314%
24M 0.373%

1. Calculate the G-spread for the IIF bond.

2. Calculate the Z-spread for the IIF bond.
Solution:
The G-spread is the yield spread in basis points over an actual or interpolated
government bond. The yield-to-maturity for the IIF bond is 1.271%:
0.75 0.75 0.75 100.75
A+nt a+n? q+rn3 A+t
r = 0.006357 x2 = 0.01271.

The yield-to-maturity for the relevant government benchmark bond is 0.373%:

100.45 =

0.375 0.375 0.375 100.375

A+nt a+n? qa+nd q+n*

r = 0.0018662 x 2 = 0.00373.

Therefore, the G-spread is 0.01271 — 0.00373 = 89 bps.
Solution:

100.45 =

The Z-spread is a constant yield spread over a government spot or interest
rate swap curve.
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The Z-spread for the IIF bond is the value of Z that solves the following
equation, using the government spot rates provided:

py—_ PMT . PMT _, ., PMT+FV
(1+z,+2)!  (1+z,+2)? (1L +zy+2)V
10045 = 0.75 0.75 4 0.75 4 100.75

(1+0.00127 +2)! * (1+0.00249 +2)2 (1 +0.00314+2)> (1 +0.00373 + 2)*

The Solver add-in for Microsoft Excel finds Z = 0.00268, or 27 bps, by setting
the price (sum of present values of cash flows) equal to 100.45 as the objective
and Z as the change variable. Please refer to the candidate learning ecosystem
online for a spreadsheet demonstrating the calculation.

QUESTION SET y

1. Each of the five items below is a risk of investing in fixed-income
instruments. For each, identify the component of yield-to-maturity that
provides compensation for that risk: benchmark or spread.

Credit
Expected Real Rate
Taxation

Expected Inflation Rate

Liquidity
Benchmark Spread
Solution:
Benchmark Spread
Expected Real Rate Credit Risk
Expected Inflation Rate Taxation Risk

Liquidity Risk

The two components of yield—the benchmark and the spread—allow us to
distinguish macroeconomic and microeconomic factors.

The benchmark yield captures the macroeconomic factors: the expected
rate of inflation in the currency in which the bond is denominated, general
economic growth and the business cycle, foreign exchange rates, and the
impact of monetary and fiscal policy. Changes in those factors impact all
bonds in the market.
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The yield spread captures the microeconomic factors specific to the bond
issuer and the bond itself: credit risk, liquidity and trading in comparable
securities, and the tax status of the bond.

2. A Mexican corporate non-callable bond matures in three years and has an
annual coupon of 5.5%. The government spot rates (stated as effective annu-
al rates) are as follows:

Government Spot Rates

Maturity Spot Rate
1Y 2.98%
2Y 3.48%
3Y 4.00%

Using the provided spot rates and a Z-spread of 378 bps, calculate the price
of the Mexican corporate bond.

Solution:
The price of the bond is 94.20.

PMT PMT PMT+ FV
= + + o+ g
e W T g?

Py - 5.5 N 5.5 105.5
(1+0.0298 +0.0378)!  (1+0.0348 +0.0378)2 (1 +0.04 +0.0378)3"

PV = 94.20.

A fixed-income analyst has compiled the following statistics for three corpo-
rate bonds issued by companies domiciled in three different countries. Use the
information provided for Questions 3 and 4.

Bond Yield-to-Maturity Applicable Swap Rate
A 13.379% 12.419%
B 8.121% 6.527%
C 5.406% 4.184%

3. Which bond most likely has the greatest credit risk?

A. Bond A
B. Bond B
(. BondC
Solution:

B is correct. As a “bottom-up” or issuer-specific risk factor, credit risk is a
component of a yield spread. To estimate which bond most likely has the
greatest credit risk, we calculate the I-spread, or the yield spread for a bond
over a swap rate for the same currency and tenor.

179
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Bond Yield-to-Maturity  Applicable Swap Rate I-Spread
A 13.379% 12.419% 96 bps

B 8.121% 6.527% 159 bps
C 5.406% 4.184% 122 bps

4. Assume that the issuers of Bonds A, B, and C are comparable in terms of
credit risk and that the bonds have similar liquidity and tax characteristics.
Based solely on the information provided, which bond might offer an inves-
tor the least relative value?

A. Bond A
B. Bond B
(. BondC
Solution:

A is correct. If the bonds are judged to be comparable in all material re-
spects, then the least (most) relative value corresponds to the bond with the
lowest (highest) spread. At 96 bps, Bond A has the lowest spread and thus
the least attractive valuation to an investor.

5. Match the following characteristics to on-the-run and off-the-run bonds:

= Seasoned government bonds
=  Most recently issued government bonds

= Has a coupon rate below or above the current market discount rate for
that maturity

= Has a coupon rate closest to the current market discount rate for that
maturity

= Trades at slightly lower yields-to-maturity compared to bonds with the
same or a similar time-to-maturity

= Trades at slightly higher yields-to-maturity compared to bonds with
the same or a similar time-to-maturity

Solution:

On-the-Run

Off-the-Run

Most recently issued government
bonds

Has a coupon rate closest to the
current market discount rate for that
maturity

Trades at slightly lower
yields-to-maturity compared to
bonds with the same or a similar
time-to-maturity

Seasoned government bonds

Has a coupon rate below or above the
current market discount rate for that
maturity

Trades at slightly higher
yields-to-maturity compared to
bonds with the same or a similar
time-to-maturity
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PRACTICE PROBLEMS

1. A bond issued by RTR pays a quarterly coupon of 3.25%, has three years to matu-
rity, and is currently trading at 97.28. The semiannual bond basis yield is closest
to:

A. 1.055%.
B. 2.121%.

C 4.242%.

2. An analyst is analyzing a three-year, 2.25% annual coupon bond issued by QWE
Company. Currently, the bond’s yield-to-maturity is 2.707%. The three-year swap
rate is 1.840%. The government spot rates are presented in the table.

Government Spot

Maturity Rate

1Y 0.899%
2Y 1.260%
3Y 1.904%

The G-Spread (in basis points) for the QWE bond is closest to:
A. 80.

B. 87.
C 135.
3. The I-spread (in basis points) for the QWE bond is closest to:
A. 46.
B. 80.

¢ 87.

4. If the price of the QWE bond is 98.70% of par, its Z-spread (in basis points) is
closest to:

A. 80.
B. 82.

¢ 87.

5. An analyst is analyzing a six-year callable bond with a semiannual coupon of
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2.50% trading at a price of 98.90 per 100 par value and the following call schedule:

Call Schedule
Period Call Price
4-5 Years 101.50
5-6 Years 101.00

Match the yields below to the respective yield measures.

Yield Yield Measure
2.6998% Yield-to-first call
2.6998% Yield-to-second call
2.9253% Yield-to-maturity

3.1497% Yield-to-worst
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SOLUTIONS

1. Cis correct. As a first step, we need to calculate the quarterly yield and annualize

it:
py = _PMT_ PMT PMT + FV
a+nt a+nr T a+pN
0.8125 _ 0.8125 100.8125
= + .. !
97.28 a+nt a+nz T 1+nt2

r = 0.01055 x4 = 0.0422.

The next step is to convert the annualized quarterly yield to the semiannual bond
basis yield.

(1 45)" = (14 258%)

(1+202)" - (1+55)"

APR, = 0.04242 = 4.242%.

A is incorrect because 1.0550% is the yield per quarter.
B is incorrect because 2.1100% is the yield per quarter (1.0550%) multiplied by 2.

2. Ais correct. The G-spread is a yield spread above that of a government bond with
the same maturity date. The yield-to-maturity for the corporate bond is 2.7070%.
The yield-to-maturity for the government benchmark bond is 1.9036%.

G-spread = 2.707% — 1.904% = 0.8034% = 80.3 bps.

B is incorrect because 87 bps is the I-spread calculated as the yield spread of a
bond over the standard swap rate in the same currency and with the same tenor.

C is incorrect because 135 bps is the spread calculated as the difference between
the yield-to-maturity of the QWE bond and the average of government rates for
all maturities.

3. Cis correct. The I-spread is the yield spread of a bond over the standard swap
rate in the same currency and with the same tenor. The yield-to-maturity for the
corporate bond is 2.707%, and the swap rate for the same maturity is 1.840%.

I-spread = 2.707% — 1.840% = 0.867% = 87 bps.

A is incorrect because 46 bps is the difference between the bond’s
yield-to-maturity and coupon rate.

2.707% —2.250% = 0.457% = 46 bps.

B is incorrect because 80 bps is the G-spread—the yield-to-maturity for the cor-
porate bond less the yield-to-maturity for the government benchmark bond.

G-spread = 2.707% — 1.904% = 80 bps.

4. Bis correct. To calculate the Z-spread, we must solve for Z in the following equa-
tion, given the spot rates and price of the bond:

__ PMT __ PMT L, PMT+FV
(1+z,+2)!  (1+2z,+2)? (1+zy+2)V

PV
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2.25 2.25 102.25
(1+0.00899 +2)1 ' (1+0.01260+2)%> ' (1 +0.01904 + 2)>°

The Solver add-in for Microsoft Excel finds Z = 0.0082, or 82 bps, by setting the
price (sum of present values of cash flows) equal to 98.70 as the objective and Z
as the change variable. Please refer to the candidate learning ecosystem online for
a spreadsheet demonstrating the calculation.

98.70 =

A is incorrect because 80 bps is the value of the G-spread, not the Z-spread. The
G-spread is calculated as the difference between the QWE bond yield and the
yield of the government bond with the same maturity:

G-spread = 2.707% — 1.904% = 80 bps.

C is incorrect because 87 bps is the I-spread, not the Z-spread. The I-spread is
calculated as a yield spread of a bond over the standard swap rate in the same
currency and with the same tenor. The yield-to-maturity for the corporate bond
is 2.707%, and the swap rate for the same maturity is 1.840%.

I-spread = 2.707% — 1.840% = 87 bps.

5. The correct yield values matched with the corresponding yield measures are
presented in the following table:

Yield Yield Measure
3.1497% Yield-to-first call
2.9253% Yield-to-second call
2.6998% Yield-to-maturity
2.6998% Yield-to-worst

Calculation of yield-to-first call:

py = _PMT_ . PMT PMT + CallPrice
(1+nt a+n? 1 +nN
1.25 1.25 125 1.25+101.50
PV = +... +
(1+nt (1+r)? (1+7)7 (1+7)8

r = 0.1548 x 2 = 0.031497.

Calculation of yield-to-second call:

Py = PMT PMT PMT + CallPrice
a+n' a+n? a+nN

PV = 1.25 1.25 1.25 1.25+101.0
aA+nt q+n2 T A+n)° (1+nt0 -

r = 0.14626 x 2 = 0.029253.

Calculation of yield-to-maturity:

PMT  _PMT PMT +FV
= +
4 a+nt a+nr T q+pN
1.25 1.25 125 | 1.25+100.0
= +
Py a+nt a+nr T g+t a+n2

r = 0.13499 x2 = 0.026998.
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LEARNING MODULE

Yield and Yield Spread Measures
for Floating-Rate Instruments

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] calculate and interpret yield spread measures for floating-rate
instruments
] calculate and interpret yield measures for money market instruments

INTRODUCTION

Prior lessons covered pricing, yields, and spreads for bonds with fixed coupon rates and
times-to-maturity of one year or longer. The next two lessons broaden the discussion
to include instruments with variable rather than fixed coupons, known as floating-rate
instruments, and those with original maturities of one year or less, known as money
market instruments. Both types of instrument are important for investors and issuers.
Floating-rate instruments, by adjusting cash flows to changes in interest rates, bear
less price risk than fixed-rate instruments and are used to hedge certain exposures
and to match asset and liability cash flows. Most loans are floating-rate instruments.
Money market instruments are a significant source of short-term financing for many
types of issuers. A short time-to-maturity means that investors can reinvest and issuers
can refinance relatively quickly, which reduces interest rate risk.

LEARNING MODULE OVERVIEW @

= A floating-rate instrument is a debt instrument with interest
determined by an observed market reference rate (MRR) plus
a quoted margin. Interest payments are reset, capturing any change in
the MRR, on predetermined dates.

= The quoted margin is a specified spread over or under the reference
rate. The required margin, also known as the discount margin, is the
spread required by investors.

= The required margin reflects “bottom-up” or issuer- and security-spe-
cific risks and is analogous to a yield spread for a fixed-rate bond
discussed in prior lessons. If a floater trades at par, the quoted and
required margins are equal.
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=  Money market instruments have original maturities of one year or less
and are quoted using different conventions from those of longer-dated
securities. Quotes are made on a discount rate or add-on rate basis.

=  Money market discount rates are interest income divided by the face
value (maturity value). They understate the investor’s rate of return if
the purchase price is below the face value and vice versa.

= Conventional money market measures can be converted to enhance
comparability to longer-term securities.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of the learning module.

1. The following information relates to three floating-rate notes (FRNs) issued
at par value that have the three-month MRR as their reference rate.

Floating-Rate Note Quoted Margin Discount Margin
FRN 1 140 bps 128 bps
FRN 2 145 bps 145 bps
FRN 3 150 bps 165 bps

Based on the information provided, identify which FRN will be priced at a
discount on the next reset date.

A. FRN 1
B. FRN 2
(. FRN3
Solution:

C is correct. FRN 3 will be priced at a discount on the next reset date since
its quoted margin of 150 bps is less than its discount margin of 165 bps. The
discount amount is the present value of the deficient future interest pay-
ments of 15 bps per quarter (150 bps — 165 bps).

B is incorrect because FRN 2 will be priced at par value on the next reset
date since its quoted margin is equal to its discount margin.

A is incorrect because FRN 1 will be priced at a premium because its quoted
margin of 140 bps is greater than its discount margin of 128 bps. The premi-
um amount is the present value of the extra, or “excess,” interest payments of
12 bps each quarter (140 bps — 128 bps).

2. On a reset date, if the required margin falls to 30 bps because of a change
in the issuer’s credit risk, an FRN that has a quoted margin of 50 bps will be
priced at a:

A. discount.
B. premium.

C. discount or premium, depending on its duration.
Solution:

B is correct. The required margin reflects the credit risk of the issuer. It de-
clined, meaning that the credit risk of the issuer improved; in other words,




© CFA Institute. For candidate use only. Not for distribution.
Introduction 187

the market demands a lower spread. The required margin is below the quot-
ed margin, so this floater will be priced at a premium.

3. A 365-day year bank certificate of deposit has an initial principal amount of
USD96.5 million and a redemption amount due at maturity of USD100 mil-
lion. The number of days between settlement and maturity is 270. The add-
on rate of the certificate of deposit is closest to:

A. 3.63%.

B. 4.82%.

C. 4.90%.
Solution:

C is correct. The add-on rate is closest to 4.90%. The add-on rate is calculat-
ed as

_ Year _ FV—-PV
AOR = Days 7

365 _ 100 - 96.5
AOR = 556~ g65 -

AOR = 0.04903 = 4.90%.

4. A 90-day commercial paper instrument is quoted at a discount rate of
0.120%, assuming a 360-day year. Given that the price of the instrument is
paid 100 per face value, its bond equivalent yield rate is closest to:

A. 0.107%.

B. 0.120%.

C¢. 0.135%.
Solution:

B is correct. The bond equivalent yield is closest to 0.120%. First, we need to
calculate the price of the instrument. Then, we can calculate the AOR or its
bond equivalent yield.

The price (PV) of the commercial paper instrument is

Days
Year

PV = FVx (1 —~.—x DR).

PV = 100 x (1 — 555 ¥ 0.0012).

PV = 99.97.
PV is used to calculate the add-on rate or bond equivalent yield:

_ Year _ FV—-PV
AOR = fear  EV2 PV

_ 360 _ 100 —99.97
AOR = 55" X 55097 -

AOR = 0.0012 = 0.12%.
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5. A fixed-income analyst is evaluating two instruments:

= A 180-day Thai bank certificate of deposit (CD) quoted at a discount
rate of 5.95%, assuming a 360-day year and a bond equivalent yield of
6.218%

= A 180-day Thai corporate commercial paper (CP) quoted as an add-on

rate of 6.10%, assuming a 365-day year and a bond equivalent yield of
6.100%.

Assuming the six-month Thai T-bill is quoted at 4.36%, which instrument
most likely has higher credit risk?

Solution:

The Thai CD. The spreads over the Thai T-bill for the CD and CP are 186
bps and 174 bps, respectively. We use the bond equivalent yield measure to
compare the return of each instrument and derive the spread of each one
over the Thai T-bill.

The Thai bank CD has a spread of

6.218% — 4.36% = 186 bps.
And the Thai corporate CP has a spread of
6.10% — 4.36% = 174 bps.

Therefore, the Thai bank CD has a higher credit risk than the Thai corporate
CP.

YIELD AND YIELD SPREAD MEASURES FOR
FLOATING-RATE NOTES

] calculate and interpret yield spread measures for floating-rate
instruments

Yield and Yield Spread Measures for Floating-Rate Instruments

Floating-rate instruments, including floating-rate notes (FRNs or floaters) and most
loans, are different from fixed-rate bonds. Rather than fixed coupon payments, they
vary from period to period depending on the current level of a reference interest rate.
The intent is to both automatically adjust a borrower’s base rate to market conditions
and offer an investor or lender less price risk when market interest rates fluctuate. In
principle, a floater has a stable price even in a period of volatile interest rates because
cash flows adjust with changes in interest rates. With a traditional fixed-income security,
constant future cash flows result in price changes in response to interest rate volatility.

Exhibit 1 shows the term sheet for four-year FRNs issued by Antelas AG, the
German emerging technology company focused on manufacturing process design,
introduced in an earlier lesson.
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Exhibit 1: Antelas AG Floating-Rate Note Issue

Antelas AG Four-Year Floating-Rate Notes (the “Notes”)
Prospectus Summary

Issuer: Antelas AG

Settlement Date: [T + 5 Business Days]

Maturity Date: [Four Years from Settlement Date]

Principal Amount: EUR250 million

Interest: MRR plus 250 bps p.a.

Interest Payment: MRR is reset quarterly and interest is paid quarterly

Commencing three months from [Settlement Date] to be paid
quarterly with final payment on [Maturity Date]

Seniority: The Notes are secured and unsubordinated obligations of Antelas
AG and will rank pari passu with all other secured and unsubor-
dinated indebtedness

Business Days: Frankfurt

Notice how the interest is stated “MRR plus 250 bps p.a” The market reference rate
(MRR) on an FRN or loan usually is a short-term money market rate. Typically, the
reference rate is determined at the beginning of the period, and the interest payment
is made at the end of the period. This payment structure is called “in arrears” The
most common day-count conventions for calculating accrued interest on floaters
are actual/360 and actual/365. For the Antelas FRN, the MRR is reset quarterly and
interest is paid quarterly.

For most FRNs and loans, a specified spread is added to or subtracted from the
market reference rate. For the Antelas FRN, the spread over the MRR is 250 bps, and
this is known as the quoted margin on the FRN. The role of the quoted margin is
to compensate the investor for the difference in the credit risk of the issuer and that
implied by the reference rate. Firms with very low credit risk may be able to obtain
a negative quoted margin.

The required margin is the yield spread over or under the reference rate such that
the FRN is priced at par value on a rate reset date. It is determined by the market.
Suppose that a floater is issued at par value and pays MRR plus 0.50%. The quoted
margin is 50 bps. If there is no change in the credit risk of the issuer, the required
margin remains at 50 bps. On each quarterly reset date, the floater will be priced at
par value. Between coupon dates, its flat price will be at a premium or discount to
par value if MRR goes, respectively, down or up. However, if the required margin
continues to be the same as the quoted margin, the flat price is “pulled to par” as the
next reset date nears. At the reset date, any change in MRR is included in the interest
payment for the next period.

Changes in the required margin usually come from changes in the issuer’s credit
risk. Changes in liquidity or tax status can also affect the required margin. Note that
these are the same factors that affect the yield spread for fixed-rate bonds. Suppose
that on a reset date, the required margin increases to 75 bps because of a downgrade
in the issuer’s credit rating. If the quoted margin is 50 bps, the issuer now pays its
investors a “deficient” interest payment. This FRN will be priced at a discount below
par value. The amount of the discount is the present value of the deficient future cash
flows. That annuity is 25 bps per period for the remaining life of the bond. It is the
difference between the required and quoted margins. If the required margin instead
fell to 40 bps, perhaps from a decrease in the issuer’s credit risk, the FRN would be
priced at a premium. The amount of the premium is the present value of the 10 bp
annuity for the “excess” interest payment each period.

189
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Fixed-rate and floating-rate bonds are essentially the same with respect to changes
in credit risk. With fixed-rate bonds, the premium or discount arises from a difference
in the fixed coupon rate and the required yield-to-maturity. With floating-rate bonds,
the premium or discount arises from a difference in the fixed quoted margin and the
required margin. However, fixed-rate and floating-rate bonds are very different with
respect to changes in benchmark interest rates.

The valuation of a floating-rate note requires a pricing model. Recall that the price
for a fixed-rate bond given a market discount rate r and a coupon per period PMT is

PMT PMT PMT + FV
PV = + .
a+nt 1+n? a+rN

For an FRN, PMT is a function of the MRR and the quoted margin and r is a function
of the MRR and the discount margin. We can use this intuition to derive Equation 1,
a simplified FRN pricing model.

(MRR+ OM)*x FV  (MRR+ OM)* FV (MRR + OM)x FV
_ m m T +FV
PV = MRR+DM1+ MRR+DM2+ MRR+DMN (1
I+ A+ ) I+

where
PV = present value, or the price of the floating-rate note

MRR = the market reference rate, stated as an annual percentage rate (it is some-
times known generically as Index)

OM = the quoted margin, stated as an annual percentage rate
FV = the future value paid at maturity, or the par value of the bond

m = the periodicity of the floating-rate note, the number of payment periods
per year

DM = the discount margin = required margin stated as an annual percentage rate
N = the number of evenly spaced periods to maturity

Notice that in Equation 1, because we are using annual rates for MRR, QM, and
DM, we must divide by m periods in the year.

This is a simplified model for several reasons. First, PV is as of a rate reset date
when there are N evenly spaced periods to maturity. There is no accrued interest, so the
flat price is the full price. Second, the model assumes a 30/360 day-count convention,
to make sure the periodicity, m, is an integer. However, in practice, most floaters use
actual/360 day counts. Third, and most important, the same MRR is used for all cash
flows. More complex FRN pricing models use projected future rates in the numerators
and spot rates in the denominators. Therefore, the calculation for DM depends on the
simplifying assumptions in the pricing model.

Suppose that we are pricing a two-year, semi-annual FRN that pays MRR plus
0.50%. Assume MRR is 1.25% and the yield spread required by investors is 40 bps.
For Equation 1, we have the following inputs:

MRR = 0.0125,
OM = 0.0050,
FV =100,

m=2,

DM = 0.0040, and
N=4,
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Using Equation 1 for N = 4, the FRN is priced at 100.196 per 100 of par value. This
floater is priced at a premium above par value because the quoted margin is greater
than the discount margin.

(MRR + QM) FV  (MRR + QM)* FV (MRR + QM) % FV
m m m + FV

MRR+DM1+ MRR+DM2+"'+ MRR + DM\ N
(1+ m ) (1+ ) I+

PV =

(0.0125 +0.0050)x 100 (0.0125+0.0050)x 100  (0.0125 + 0.0050)* 100  (0.0125 + 0.0050) x 100 n

2 2 2 2 100
Py = 0.0125 + 0.040. ! * 0.0125 + 0.040, 2 * 0.0125 + 0.040. 3 * 0.0125 + 0.040. 4
+===5—"") (A+=7F ) (A+7757) I+ 70)
PV =100.196

If we have the market price of an FRN, we can also use Equation 1 to estimate the
discount margin. Suppose that a two-year FRN pays MRR plus 0.75% on a semiannual
basis. Currently, MRR is 1.10% and the price of the floater is 95.50 per 100 of par
value, a discount to par, because of worsening credit risk. For Equation 1, we have
the following inputs:

PV =95.50,
MRR = 0.0110,
OM =0.0075,
FV =100,
m =2, and
N=4.

Using the Solver add-in for Microsoft Excel, we find DM = 3.12%, or 312 bps, by
setting the price (sum of present values of cash flows) equal to 95.50 as the objective
and DM as the change variable. Please see the candidate learning ecosystem online
for a spreadsheet demonstrating the calculation.

If this FRN was issued at par value, investors required at that time a spread of only
75 bps over MRR. Now, after the credit downgrade, investors require an estimated
discount margin of 312 bps. The floater trades at a discount because the quoted margin
remains fixed at 75 bps, so is “deficient” by 237 bps (312-75) per period The discount
margin is an estimate because it is based on a simplified FRN pricing model.

The FRN pricing model in Equation 1 similarly applies to adjustable-rate loans
made by banks and other fixed-income instruments based on MRR. Because a signifi-
cant portion of bank funding comes from short-term deposits and other floating-rate
sources, banks prefer to make floating-rate loans to businesses and individuals, as
opposed to fixed-rate loans, to help maintain a match between assets and liabilities
on the balance sheet.

EXAMPLE 1

Calculating the Discount Margin for a Floating-Rate Note

Suppose that the MRR for the Antelas AG four-year floating-rate note is on a
three-month basis and the quoted margin is 250 bps. The floater is priced at 97
per 100 of par value. Calculate the discount margin for the floater assuming that
three-month MRR is constant at —0.55%. Assume a 30/360 day-count convention
and evenly spaced periods.

Solution:
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We can use the Solver add-in in Microsoft Excel to quickly solve for DM
= 3.29%, or 329 bps, in the same manner as in the prior example. Please see
the candidate learning ecosystem online for a spreadsheet demonstrating the
calculation.

Alternatively, we can use the RATE function in Microsoft Excel, Google
Sheets, or a financial calculator by first solving for PMT, the numerators in

Equation 1.
BT = (MRR + gM) x FV.
T = (—0.0055 + ZOZSO)X 100.
PMT = 0.4875.

Then, using PV = -97, FV = 100, PMT = 0.4875, and N = 16, we can solve
for the discount rate per period of 0.686122%. We use this to solve for DM.

_ MRR+ DM
r=——m -

—0.0055 + DM

0.00686122 = 2

DM = 0.0329 = 3.29%.

The quoted margin is 250 bps over the reference rate. Using the simplified
FRN pricing model, the discount margin (the spread investors require for the
floater to be priced at par) is 329 bps.

QUESTION SET [ f

1. Fill in the blanks using one of the words in each set of parentheses:

Floaters with longer reset periods may be (more, less) exposed
to interest rate and price volatility.

The (shorter, longer) the reset period, the more a floater will be-
have similarly to a short-dated fixed-rate security and the (less,
more) its price will potentially fluctuate.

Solution:

Floaters with longer reset periods may be more exposed to interest rate and
price volatility. The Jonger the reset period, the more a floater will behave
similarly to a short-dated fixed-rate security and the more its price will
potentially fluctuate.

2. For a five-year floating-rate security, if market interest rates change by 0.5%,
the change in the price of the security will most likely be:
A. zero.
B. like an otherwise identical fixed-rate security.

C. related to the security’s coupon reset frequency.
Solution:

Cis correct. The interest rate sensitivity of a floating-rate security comes
typically from the time remaining until its next coupon reset date.
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A is incorrect: when the interest rates changes, the discount rate of the
floating rate security also changes, changing the present value of the security
when discounting the cashflows.

B is incorrect: with a fixed-rate security, interest rates changes affect the
price more than an identical (same-term) floating-rate security, due to its
fixed coupon payments and a higher duration.

reset date:

3. Identify the relationship between required margin and a floater’s price at the

1. Required margin > Quoted
margin
2. Required margin = Quoted
margin
3. Required margin < Quoted
margin

A. Floater priced at par

B. Floater priced at a discount

C. Floater priced at a premium

Solution:

1. Required margin > Quoted
margin
2. Required margin = Quoted
margin
3. Required margin < Quoted
margin

B. Floater priced at a discount

A. Floater priced at par

C. Floater priced at a premium

For Required margin > Quoted margin, B is correct. Changes in the required
margin usually come from changes in the issuer’s credit risk. If the required
margin increases and is above the quoted margin at the reset date, the float-
er pays a “deficient” interest payment. The floater will be priced at a discount
below par value.

For Required margin = Quoted margin, A is correct. If the required margin
continues to be the same as the quoted margin, the flat price is “pulled to
par” as the next reset date nears.

For Required margin < Quoted margin, C is correct. If the required margin
decreases and is below the quoted margin, the floater will be priced at a
premium.

. A two-year Italian floating-rate note pays three-month Euribor of —0.50%
plus 250 bp. The floater is priced at 99 per 100 of par value. Assuming the
30/360 day-count convention and evenly spaced periods, the discount mar-
gin for the floater is closest to:

A. 201 bps.
B. 251 bps.
C. 300 bps.
Solution:

C is correct. The discount margin for the floater is closest to 300 bps. Using
the information provided, the periodic PMT is equal to

(MRR+ OM)x FV  (=0.005 +0.0025)x 100
m = 4 = 0.5.

Using the RATE function in Microsoft Excel, Google Sheets, or a financial
calculator using PV = -99, FV = 100, PMT = 0.5, and N = 8, we solve for the
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discount rate per period of 0.628562%. The discount margin can be estimat-
ed by solving for DM:

_ MRR+ DM
=

0.00628562 = —2-003 =DM

DM = 0.03014 = 3.014%.

5. The Antelas AG four-year floating-rate note pays three-month MRR of
—0.55% plus 250 bps. The floater is priced at 102 per 100 of par value.
Assuming the 30/360 day-count convention and evenly spaced periods,
calculate the discount margin for the floating-rate note.

Solution:
The estimated discount margin is 199 bps.

Using the information provided, the periodic PMT is equal to

MRR + OM)*x FV —0.0055 +0.025)x 100
WRRTOM) IV _ FO 10 _ 4875,

Using the RATE function in Microsoft Excel, Google Sheets, or a financial
calculator using PV = —-102, FV = 100, PMT = 0.4875, and N = 16, we solve
for the discount rate per period of 0.358655%. The discount margin can then
be estimated by solving for DM:

_ MRR+ DM
- m .

0.00358655 = —20033 =DM

DM = 0.019846 = 1.99%.

YIELD MEASURES FOR MONEY MARKET
INSTRUMENTS

] calculate and interpret yield measures for money market instruments

Money market instruments are debt securities with original maturities of one year
or less. There are many types, including overnight sale and repurchase agreements
(repos), bank certificates of deposit, commercial paper, Treasury bills (government
securities issued with a maturity of one year or less), bankers” acceptances, and time
deposits based on market reference rates. There are mutual funds that invest solely
in eligible money market securities, known as money market mutual funds, which
are sometimes considered as an alternative to bank deposits.

There are several important differences in yield measures quoted for money market
instruments versus bonds:

1. Bond yields-to-maturity are annualized and compounded. Yield measures
in the money market are annualized but not compounded; the return on a
money market instrument is stated on a simple interest basis.
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2. Bond yields-to-maturity usually are stated for a common periodicity for all
times-to-maturity. Money market instruments with different times-to-matu-
rity have different periodicities for the annual rate.

3. Bond yields-to-maturity can be calculated using standard time-value-
of-money analysis. Money market instruments are often quoted using
non-standard interest rates and require different pricing equations than
those used for bonds.

In general, quoted money market rates are either discount rates or add-on rates.
Although market conventions vary around the world, commercial paper, Treasury
bills, and bankers’ acceptances often are quoted on a discount rate basis. Bank certif-
icates of deposit, repos, and market reference rate indexes are quoted on an add-on
rate basis. While discount rate usually means “interest rate used to calculate a pres-
ent value,” in the money market, the discount rate involves an instrument for which
interest is included in the face value of the instrument. An add-on rate, in contrast,
involves interest that is added to the principal or investment amount. Some examples
will clarify this point.

Equation 2 is the pricing formula for money market instruments quoted on a
discount rate basis.

Days
Year

PV =Frx(1- x DR), 2
where
PV = present value, or the price of the money market instrument

FV = the future value paid at maturity, or the face value of the money market
instrument

Days = the number of days between settlement and maturity
Year = the number of days in the year
DR = the discount rate, stated as an annual percentage rate

Suppose that a 91-day Indian Treasury bill (T-bill) with a face value of INR10
million is quoted at a discount rate of 3.45% for an assumed 360-day year. The price
of the Indian rupee T-bill is INR9,912,792.

Days
Year

PV = FVx(l- x DR).

PV = 10,000,000 x (1 = 525 x 0.0345).

PV =9,912,791.67.

The unique characteristics of a money market discount rate can be examined with
Equation 3, which transforms Equation 2 algebraically to isolate the DR term.

Year % (FV-PV)

DR = Days FV - (€)

The first term, Year/Days, is the periodicity of the annual rate. The second term reveals
the odd character of a money market discount rate. The numerator, FV — PV, is the
interest earned on the rupee T-bill, INR87,208 (= 10,000,000 — 9,912,792), over the 91
days to maturity. However, the denominator is FV, not PV. In theory, an interest rate
is the amount earned divided by the investment amount (PV), not the maturity value
(FV), which includes the earnings. Therefore, by design, a money market discount rate
understates the rate of return to the investor, and it understates the cost of borrowed
funds to the issuer. That is because PV is less than FV'if DR is greater than zero.
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Equation 4 is the pricing formula for money market instruments quoted on an
add-on rate basis.

FV
PV = — s ) “
1+ Yoar < AOR)
where

PV = present value, the principal amount, or the price of the money market
instrument

FV = the future value, or the redemption amount paid at maturity including
interest

Days = the number of days between settlement and maturity
Year = the number of days in the year

AOR = the add-on rate, stated as an annual percentage rate

EXAMPLE 2

Yield Measures on Bank Certificates of Deposit

Commercial Finance Partners AG (CFP Bank) issues 90-day certificates of
deposit (CDs) to fund its floating-rate loans made to customers. The objective
is to maintain a match between the bank’s assets (floating-rate loans) and its
funding sources. The quoted add-on rate for its 90-day CD is 0.12%, assuming
a 365-day year. If the initial principal amount is EUR20 million, the redemption
amount due at maturity is found by rearranging Equation 4 and entering PV =
20,000,000, Days = 90, Year = 365, and AOR = 0.0012.

FV = 20,000,000 + (20,000,000 X 5% x 0.0012).

FV = 20,005,918.

At maturity, CFP Bank pays EUR20,005,918, the principal of EUR20,000,000
plus interest of EUR5,918. The interest is calculated as the principal times the
fraction of the year times the annual add-on rate. It is added to the principal to
determine the redemption amount.

Suppose that after 45 days, the CD investor sells the CD to a dealer. At that
time, the quoted add-on rate for a 45-day CD is 0.06%. The sale price for the
CD can be calculated using Equation 4 for FV = 20,004,918, Days = 45, Year =
365, and AOR = 0.0012. The sale price is EUR20,002,958.

20,004,918

(1422 % 0.0006)

PV

PV = 20,003,438.

The characteristics of an add-on rate can be examined with Equation 5, which
transforms Equation 4 algebraically to isolate the AOR term.

~ Year _ FV—-PV
AOR = W}/SXT' )

The first term, Year/Days, is the periodicity of the annual rate. The second
term is the interest earned (FV — PV) divided by the amount invested (PV).
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CFP Bank’s rate of return on its 45-day investment in the certificates of
deposit can be calculated with Equation 5.

AOR = Year FV*PV.

Days PV
365 _ 20,002,958 — 20,000,000
AOR = %5 20,000,000
AOR = 0.0012.

The rate of return, stated on a 365-day add-on rate basis, is 0.12%. This result
is an annual rate for a periodicity of 8.11 (= 365/45). Implicitly, this assumes
that the investment can be replicated 8.11 times over the year.

Investment analysis is more challenging for money market securities because (1)
some instruments are quoted on a discount rate basis while others on an add-on rate
basis and (2) some assume a 360-day year and others use a 365-day year. Another
difference is that the “amount” of a money market instrument quoted by traders on a
discount rate basis typically is the face value paid at maturity. However, the “amount”
when quoted on an add-on rate basis usually is the price at issuance. Exhibit 2 sum-
marizes these conventions.

Exhibit 2: Summary of Money Market Yield Measures

Conventions and

Instruments Description

Quote Basis Discount Rate (DR) Add-on Rate (AOR)

Equation DR = (Year/Days) x [(FV AOR = (Year/Days) x [(FV — PV)/
- PV)/FV]. Pv].

Quoted Amount Face Value at Maturity (FV) Price at Issuance (PV)

Typical Instruments Commercial Paper, Treasury Bank Certificates of Deposit,

Bills, Bankers’ Acceptances Repurchase Agreements (Repos),
Market Reference Rates (MRRs)

To make money market investment decisions, it is essential to compare instruments
on a common basis. The following example illustrates this point.

EXAMPLE 3

Yield Measures on Bank Certificates of Deposit

Suppose that an investor is comparing the following two money market instru-
ments. Which offers the higher expected rate of return, assuming that credit
risks are the same?

= A 90-day commercial paper (CP) issued by Bright Wheel Automotive
Corporation (BRWA), quoted at a discount rate of 0.100% for a 360-
day year

= A 90-day certificate of deposit issued by CFP Bank, quoted at an
add-on rate of 0.120% for a 365-day year

The price of the commercial paper is 98.560 per 100 of face value, calculated
using Equation 2 and entering FV = 100, Days = 90, Year = 360, and DR = 0.0012.

Days
Year

PV = FVx(l- x DR).
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PV = 100 x (1 — 355 ¥ 0.0012).

PV = 99.970.

Next, use Equation 5 to solve for AOR for a 365-day year, where Year = 365,
Days = 90, FV = 100, and PV = 99.970.
FV—-PV

— Year
AOR = Days 7

365 _ 100 99.970
AOR = 55" X 59970 -

AOR = 0.00122.

The 90-day commercial paper discount rate of 0.120% converts to an add-on
rate for a 365-day year of 0.122%. This converted rate is called a bond equivalent
yield, or sometimes just an “investment yield” A bond equivalent yield is a
money market rate stated on a 365-day add-on rate basis. If the risks are the
same, BRWA’s CP offers 0.2 bps more in annual return than CFP Bank’s CD.

Exhibit 3 summarizes the process just illustrated for comparing money market
instruments on a common, bond equivalent yield basis.

Exhibit 3: Comparing Money Market Instruments on Bond Equivalent Yield

EE
quoted on Discount Rate Deternine Add-on Rate
(DR) Basis: (AOR) for this MM Bond Equivalent Yield (BEY)
Determine Price per 100 of instrument using PV from is a MM rate stated on a
Par (PV): Step I 365-day AOR basis.
PV =FV x (1 - [Days/Year] x DR) AOR = (365/Days) * ([FV - PV]/PV) This instrument is now
comprable with other MM

instruments expressed on
a BEY basis.

EXAMPLE 4

Comparing Money Market Instruments Based on Bond
Equivalent Yields

A money market investor observes quoted rates on four 180-day money market
instruments: A, B, C, and D.

Assumed
Money Market Number of Days
Instrument Quotation Basis in the Year Quoted Rate
A Discount Rate 360 4.33%

B Discount Rate 365 4.36%
C Add-On Rate 360 4.35%
D Add-On Rate 365 4.45%
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Using a spreadsheet, we can calculate the bond equivalent yield for each
instrument so that rates of return can be compared. Bond A offers the highest
rate of return (4.487%) and Bond C offers the lowest rate of return (4.410%) on
a bond equivalent yield basis. Please refer to the candidate learning ecosystem
online for a spreadsheet demonstrating the calculation.

Money market
Instrument A B C D

Input Quotation Basis ~ Discount  Discount Add-On  Add-On Rate

Rate Rate Rate
Number of Days in 360 365 360 365
the Year
Quoted Rated (%) 4.33% 4.36% 4.35% 4.45%
Output PV/EV 97.835 97.850 102.175 102.195
Add-On-Rate 0.04487 0.04456 0.04410 0.04450
Bond Equivalent 4.487% 4.456% 4.410% 4.450%

Yield (%)

Another important difference between yield measures in the money market and
the bond market is the periodicity of the annual rate. Because bond yields-to-maturity
are computed using interest rate compounding, there is a well-defined periodicity. For
instance, bond yields-to-maturity for semiannual compounding are annualized for a
periodicity of two. Money market rates are computed using simple interest without
compounding. In the money market, the periodicity is the number of days in the year
divided by the number of days to maturity. Therefore, money market rates for different
times-to-maturity have different periodicities.

Suppose that an analyst prefers to convert money market rates to a semiannual
bond basis so that the rates are directly comparable to yields on bonds that make
semiannual coupon payments. The quoted rate for a 91-day Indian rupee T-bill is
3.50%, quoted as a bond equivalent yield, which means its periodicity is 365/91. We
use the periodicity conversion formula covered in a previous lesson to convert from
a periodicity m of 365/91 to n of 2:

(1+45)" = (14 258%)

365
|+ 0.035\ o1 _ <1+APR2>2
365 - 2 :

91

APR, = 0.03515 = 3.515%.

Therefore, 3.50% for a periodicity of 365/91 corresponds to 3.515% for a periodicity
of 2. The difference is —1.5 bps. In general, the difference depends on the level of the
annual percentage rate. When interest rates are lower, the difference between the
annual rates for any two periodicities is reduced.

QUESTION SET [ y

1. Identify the correct relationship for a money market instrument
quoted on a discount rate basis:

A PV = FVx(1-225, DR).

Year
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_ _ Year
B. FV = PV x (1 Days x DR).

(. PV = L[)ays'
(1 + DR) Year

Solution:

A is correct. In the money market, the discount rate is a specific type of
quoted rate. Hence, the price or the present value of a money market instru-
ment is determined by

Days
Year

PV = FVx(l-

X DR),

where

PV = present value, or the price of the money market instrument

FV = the future value paid at maturity, or the face value of the money market
instrument

Days = the number of days between settlement and maturity
Year = the number of days in the year

DR = the discount rate, stated as an annual percentage rate

2. True or false: Yield measures in money market instruments are annualized
and compounded.

A. True
B. False
Solution:

False. Bond yields-to-maturity are annualized and compounded. However,
yield measures in money markets are annualized but not compounded.

3. True or false: Money market instruments use the standard time value of
money, such as discount rates or add-on rates.

A. True
B. False
Solution:

False. Bond yields-to-maturity are calculated using the standard time value
of money. Money market instruments are often quoted using non-standard
interest rates, such as discount rates or add-on rates.

4. True or false: Money market instruments with different times-to-maturity
have different periodicities.

A. True
B. False
Solution:

True. Money market instruments with different times-to-maturities have
different periodicities. However, bond yields-to-maturity are given for a
common periodicity for all times-to-maturity.
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instrument.

Solution:

earned by a bond.

5. Explain the concept of a bond equivalent yield for a money market

A bond equivalent yield is the rate of return on a money market instrument
that is calculated with reference to the purchase price of the instrument
based on a 365-day year. The converted rate or yield can be used to compare
the return earned on the money market instrument with a similar return

6. A portfolio manager has asked you to evaluate the following Thai baht—de-
nominated money market instruments with equivalent credit risk.

Number of
Days in the Quoted

Money Market Instrument Quotation Basis Year Rate
Short-Term Thai T-Bills Discount Rate 360 4.78%
Thai Bank Certificate of Discount Rate 365 4.81%
Deposit

Thai Corporate Commercial Add-On Rate 365 4.85%
Paper

basis?
A. Short-term Thai T-bills
B. Thai bank certificate of deposit

C. Thai corporate commercial paper
Solution:

Which instrument has the highest rate of return on a bond equivalent yield

A is correct. The bond equivalent yield for each instrument is most easily
calculated using a spreadsheet. Please refer to the candidate learning ecosys-
tem online for a spreadsheet demonstrating the calculations. The short-term
Thai T-bills offer the highest return of 4.965% on a bond equivalent yield

Yield (%)

basis.
Money Market Short-Term Thai
Instrument Thai T-Bill Thai Bank CD Corporate CP
Input Quotation Basis Discount Rate Discount Rate ~ Add-On Rate
Number of Days in 360 365 365
the Year
Quoted Rated (%) 4.78% 4.81% 4.85%
Output PV/EV 97.610 97.628 102.392
Add-On-Rate 0.04965 0.04927 0.04850
Bond Equivalent 4.965% 4.927% 4.850%

quoted add-on rate of 0.40% for a 365-day year.

The following information relates to questions 7-8
A German insurance company buys a 91-day certificate of deposit with a
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7. If the initial payment amount is EUR20 million, calculate the redemption
amount due at maturity.

Solution:
The redemption amount can be calculated using Equation 4:

FV
5 :
D% x AOR)

Year

PV =
1+

20,000,000 = ——5 2 ———
(1 + 50 % 0.0040)

FV = 20,019,945.

8. Suppose that after 31 days, the insurance company sells the CD. At the time
of the sale, the quoted add-on rate for a 60-day CD is 0.21%. Calculate the
sale price for the CD.

Solution:

After 31 days, the sale price of the certificate of deposit is also calculated
using Equation 4:

PV = —5——
(1 + vegr * AOR)
20,019,945
PV

S+ < 0.0021)

PV = 20,013,036.
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PRACTICE PROBLEMS

1. A two-year floating-rate note issued by a French corporation pays the
three-month MRR of —0.55% plus 160 bps. The floater is priced at 101.20 per 100
of par value. Assuming the 30/360 day-count convention and 90 days per period,
the discount margin for the floater is closest to:

A. 25 bps.
B. 50 bps.
C. 110 bps.

2. Changes in the required margin for a floater usually come from:

A. shifts in the yield curve.
B. changes in credit risk.

C. increases or decrease in inflation.

The following information relates to questions
3-4
A fixed-income portfolio manager is looking to value a one-year US dollar—

denominated floating-rate note that has quarterly payments based on 90-day
MRR plus 80 bps. Assume the following information:

90-Day MRR: 2.5%
Quoted Margin: 80 bps
Discount Margin: 100 bps
Face Value: USD100

3. Without doing any calculation, this floating-rate note is priced at:
A. apremium.

B. a discount.

C par

4. The price of the FRN is closest to:

A. 98.804.
B. 99.804.
C. 100.804.

5. The bond equivalent yield of a 90-day European bank certificate of deposit quot-
ed at a discount rate of 0.55% for a 360-day year is closest to:

A. 0.21%.
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B. 0.24%.

¢ 0.28%.

6. A 91-day UK gilt (Treasury bill) has a face value of GBP2 million, a discount rate
of 0.25%, and a price of GBP1.9 million. If a year has 366 days, the discount rate
for the UK gilt is closest to:

A. 0.1821.
B. 0.2011.

¢ 0.2134.

7. Explain why a money market discount rate greater than zero understates the rate
of return to an investor and understates the cost of borrowed funds for the issuer.
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SOLUTIONS

1. Bis correct.
The estimated discount margin is 195 bps. Using the information provided, the
periodic PMT is equal to

MRR + QM) *x FV —0.0055+0.016)* 100
WIRRTEM T FUO 0 g 275,

Using the RATE function in Microsoft Excel, Google Sheets, or a financial calcu-
lator and using PV = —101.20, FV = 100, PMT =0.275, and N = 8, we solve for the
discount rate per period of 12.4161%. The discount margin can then be estimated
by solving for DM:

_ MRR+ DM
=g

0.124161 = ~C00 DM

DM = 0.502144.

The estimated discount margin is 50.2 bps.

2. Bis correct. The required margin is the yield spread over or under a reference
rate, reflecting the credit risk of an issuer. Changes in the required margin typi-
cally come from a change in the issuer’s credit risk.

A and C are incorrect. Both risks, as “top-down” or macroeconomic risks, would
be reflected in changes in the MRR, not in a spread such as the required margin.

3. Bis correct. This FRN is priced at a discount, because the quoted margin is less
than the discount (required) margin.

4. Bis correct. The FRN is priced at 99.804 per 100 of par value. Using the informa-
tion provided, the periodic PMT is equal to

(MRR+ OM)>x FV_ (0.025 +0.008) > 100

o 7 = 0.825.
The assumed discount rate per period is equal to 0.875%.
_ MRR+DM
T E—
_ 0.025+0.01
=
r = 0.00875.

To value this FRN, take the present value of each cash flow using the discount
rate per period. The FRN is priced at 99.804 per 100 of par value.

py— 0825 0825 ., 085 100825
(1+0.00875)1 ' (1+0.00875)% ' (1 +0.00875)3 ' (1 +0.00875)
PV = 99.804.

5. Cis correct. The bond equivalent yield is closest to 0.28%.
The present value of the banker’s certificate of deposit is calculated as follows:

Days
Year

PV = FVx(l-

x DR).
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PV = 100 x (1 — 555 * 0.0055).

PV = 99.865.

The bond equivalent yield (AOR using a 365-day year) is calculated to be approx-
imately 0.28%:

Year . FV—PV

AOR = Days x PV

365 _ 100 99.8625
AOR = 55 X 553625

AOR = 0.0028.

6. Bis correct. The discount rate is closest to 0.2011.

_ Year (FV—-PV)
DR = Days “TFEE -

366 _ (2,000,000 — 1,900,000)
DR = =7 2,000,000
DR = 0.2011.

7. For a money market instrument, the discount rate is calculated as

Year , (FV—PV)
DR = %;S X T E -
The denominator for the second term is FV, not PV. In theory, an interest rate is
the amount earned divided by the investment amount (PV), not the maturity val-
ue (FV), which includes the earnings. So long as DR is greater than zero, FV will
be higher than PV. Therefore, by design, a money market discount rate under-
states the rate of return to the investor, and it understates the cost of borrowed
funds to the issuer.
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LEARNING MODULE

The Term Structure of Interest Rates:
Spot, Par, and Forward Curves

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] define spot rates and the spot curve, and calculate the price of a
bond using spot rates

] define par and forward rates, and calculate par rates, forward rates
from spot rates, spot rates from forward rates, and the price of a
bond using forward rates

] compare the spot curve, par curve, and forward curve

INTRODUCTION

Prior lessons priced fixed-income instruments by discounting all future cash flows
using a single interest rate, such as the yield-to-maturity or a market reference rate
(MRR) plus a discount margin. The next three lessons relax this assumption by intro-
ducing the term structure of interest rates, or the fact that interest rates vary with
time-to-maturity. The ideal data to use for term structure analysis are default-risk-free
zero-coupon bonds, known as spot rates or the spot curve. Since these are generally
not directly observable, various estimation techniques are used. The spot curve is used
to derive two other important yield curves: the par curve and the forward curve. A
par curve involves bond yields for hypothetical benchmark securities priced at par,
while the forward curve involves rates for interest periods starting in the future. All
three of these curves are fundamental to fixed-income analysis and other applications
because they represent default-risk-free rates of return for time periods that start
today and in the future. We show the pricing of bonds using these different rates and
establish their relationships.

LEARNING MODULE OVERVIEW @

= Spot rates are market discount rates on default-risk-free
zero-coupon bonds, sometimes referred to as zero rates. By
using a sequence of spot rates in calculating bond prices, a no-arbi-
trage bond price is obtained.
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= A par rate is the market discount rate for a specific maturity that
would result in a bond priced at par. A par rate is derived from the
spot rates up to and including the maturity date.

= Implied forward rates are calculated using spot rates and can be
interpreted as an incremental, or marginal, return for extending the
time-to-maturity for an additional time period. As such, they reflect a
breakeven reinvestment rate.

= Since par and forward rates can be derived from spot rates, the shape
of the spot curve is closely related to the shape of the par and forward
curves.

= In upward-sloping term structures, par rates will be lower than their
corresponding spot rates and forward rates will be greater than spot
rates. In downward-sloping term structures, par rates will be greater
than spot rates and forward rates will be lower than spot rates.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of this learning module.

1. Calculate the price and yield-to-maturity (YTM) of a 1% coupon, three-year
bond with par value of 100 given the following spot rates:

1-year 1.0%

2-year 1.5%

3-year 2.0%
Solution:

The price is 97.135:

PMT PMT PMT+ FV
= + 4o o
PV ivzy Tz T Tz
PV 1 1 101

= + +
(1+0.0D!  (1+0.015%  (1+0.02)3

PV=97.135
The YTM is 1.993%:

PMT PMT PMT+ FV
= + vee +
L a+»t a+n? (1 +nN
1 1 101
= +
97.135 a+mnt  a+m»?2 a+p3

r=0.01993 = 1.993%

2. Define what a par rate represents in the context of bond pricing.
Solution:

The par rate is the yield-to-maturity that makes the present value of a bond’s
cash flows (i.e., its price) equal to its par or face value.
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3. Calculate an implied one-year forward rate two years from now (i.e., 2yly)
given the following spot rates, assuming annual compounding:

1-year 1.0%

2-year 1.5%

3-year 2.0%
Solution:

(I+ZpAx (1 +IFRyp_ )8 4 =(1+Zp)P.
(1+0.01)! x (1 +IFR, 1)* = (1 +0.02).

4. Explain the economic meaning of the forward rate result calculated in Ques-
tion 3.

Solution:

The one-year forward rate two years from now (2yly) of 3.01% implies that
investors expect the one-year interest rate to be 3.01% at the end of two
years. This reflects the rate at which reinvestment would yield the same
results over a three-year horizon regardless of whether the investor initially
bought a two-year bond versus a three-year bond.

5. Contrast spot and forward rates.
Solution:

Spot rates reflect borrowing and investing rates for funds immediately (or in
the next few days) over the specified tenor, while forward rates reflect rates
applicable to agreements to borrow or invest beginning on a future date for
a specified tenor.

6. True or false: One-year forward rates are higher compared to their corre-
sponding spot rates when the spot rate curve is downward sloping.

A. True
B. False
Solution:

False. When the spot curve is downward sloping, the one-year forward

rate curve will lie below the spot rate curve. Declining spot rates for longer
maturities imply that investors should expect lower rates of reinvestment in
future years, and the forward curve reflects these expectations.

MATURITY STRUCTURE OF INTEREST RATES AND
SPOT RATES

] define spot rates and the spot curve, and calculate the price of a
bond using spot rates
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Maturity Structure of Interest Rates

Suppose that the yield-to-maturity is higher on one bond compared to another bond.
There are several possible reasons for the difference, including credit risk, different
currencies, liquidity, tax differences, and the periodicity assumption used in the yield
calculation. Credit risk and currency differences were demonstrated in earlier lessons
where Romania’s (Ministry of Finance) 30-year euro-denominated bonds were issued
at a 4.657% yield-to-maturity, a 411 bp spread over Federal Republic of Germany
bonds. Another reason bonds may have different yields-to-maturity is that they have
different times-to-maturity. This factor explaining the differences in yields is called
the maturity structure of interest rates or term structure of interest rates.

Term structure is best analyzed using bonds that have all the same properties other
than time-to-maturity; that is, the bonds should be denominated in the same currency
and have the same credit risk, liquidity, tax status, and periodicity assumption and
they should have the same coupon rate so that they each have the same degree of
coupon reinvestment risk. This ideal dataset would be yields-to-maturity on a series
of default-risk-free zero-coupon bonds, known as spot rates, for a full range of matur-
ities. Developed market sovereign bonds are typically used for this purpose, because
they represent the lowest default risk among issuers in a given market. Collectively,
this dataset is the government bond spot curve, sometimes called the zero or “strip”
curve (because the coupon payments are “stripped” off the bonds).

The government bond spot curve is ideal for analyzing maturity structure because
it best meets the “other things being equal” assumption. These government bonds
presumably have the same currency, credit risk, liquidity, and tax status. Most impor-
tantly, as zero-coupon bonds, they have no coupon reinvestment risk. A government
bond spot curve is illustrated in Exhibit 1 for maturities ranging from 1 to 30 years.
The annual yields are stated on a semiannual bond basis, which facilitates comparison
to coupon-bearing bonds that make semiannual payments, like corporate bonds in
many markets.

Exhibit 1: Government Bond Spot (Zero) Curve

Yield-to-Maturity (%)
6

D 1 1 1 1 1
0 5 10 15 20 25 30
Time-to-Maturity (years)
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Maturity Structure of Interest Rates and Spot Rates

The spot curve in Exhibit 1 is upward sloping and flattens for longer times-to-maturity,
meaning that the longer-term government bonds have higher yields than the shorter-term
bonds. This pattern is typical under normal market conditions. Sometimes, a spot
curve is downward sloping in that shorter-term yields are higher than longer-term
yields. Such downward-sloping spot curves are called inverted yield curves. Theories
that attempt to explain the shape of the yield curve and its implications for future
financial market conditions are covered later.

While a spot curve comprised of zero-coupon government bonds is ideal for
analysis, there are several practical issues to contend with. First, most actively traded
government bonds make coupon payments. These coupon bonds might not have the
same liquidity and tax status. Older (“seasoned”) bonds tend to be less liquid than
newly issued debt because they are owned by “buy-and-hold” institutional and retail
investors. Governments issue new debt for regular times-to-maturity—for instance,
5-year and 10-year bonds. The current 6-year bond could be a 10-year bond that was
issued four years ago. Also, because interest rates fluctuate, older bonds can be priced
at a discount or premium to par value, which can lead to tax differences because some
tax jurisdictions distinguish capital gains and losses from interest income.

In practice, therefore, only the most recently issued and actively traded govern-
ment bonds are used to build a yield curve. These bonds have similar liquidity, and
because they are priced closer to par value, they have fewer tax effects. Additionally,
because there are limited data for the full range of maturities, interpolation is used
to complete the curve. Exhibit 2 illustrates a yield curve for a government that issues
2-year, 3-year, 5-year, 7-year, 10-year, and 30-year bonds that make semiannual coupon
payments. Straight-line interpolation is used between those points on the yield curve.
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Exhibit 2: Government Coupon Bond Yield Curve

Yield-to-Maturity (%)
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Exhibit 2 also includes yields for short-term government securities having 1 month,
3 months, 6 months, and 12 months to maturity. Although these money market
instruments are issued and traded on a discount rate basis, they are converted to bond
equivalent yields (i.e., add-on rates with a 365-day year). All bonds on the yield curve
should also be converted to the same periodicity in order to facilitate comparisons
across times-to-maturity. Conversion from discount rates to bond equivalent yields
and across periodicities was demonstrated in prior lessons.

Bond Pricing Using Spot Rates

Since interest rates vary by maturity and have a term structure, we can price bonds
using a sequence of discount rates that correspond to the cash flow dates. One such
sequence, representing default-risk-free rates, is the spot curve. Bond prices deter-
mined using spot rates establish “no-arbitrage” prices; if a bond’s price differs from its
no-arbitrage value, an arbitrage opportunity exists in the absence of transaction costs.
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Suppose that the one-year spot rate is 2%, the two-year spot rate is 3%, and the
three-year spot rate is 4%. Then, the price of a three-year bond that makes a 5% annual
coupon payment is 102.960:

5 5 105
+ + =
(1.02)! * (1.03)2  (1.04)3

4.902 +4.713 + 93.345 = 102.960.

This three-year bond is priced at a premium, so its yield-to-maturity must be less
than its 5% coupon rate. Using the basic bond pricing formula, the yield-to-maturity
is 3.935%:

5 3 105 . ) = 0.03935.

102.960 = T i Ty

If the cash flows are discounted using the yield-to-maturity, the same price is
obtained:

5 5 105
+ =
(1.03935)!  (1.03935)2  (1.03935)3

4.811 +4.629 + 93.520 = 102.960.

Notice that the present values of the individual cash flows discounted using spot rates
differ from those discounted using the yield-to-maturity. The present value of the first
coupon payment is 4.902 when discounted at 2%, but it is 4.811 when discounted at
3.935%. The present value of the final cash flow, which includes the redemption of
principal, is 93.345 at 4% and 93.520 at 3.935%. Nevertheless, the sum of the present
values using either approach is 102.960.

Equation 1 is a general formula for calculating a bond price given the sequence
of spot rates. Note that for pricing a bond with a different risk profile than the spot
curve (such as credit risk, as for corporate bonds, for example), a spread would have
to be added to the spot rates.

PMT PMT  PMT+FV

PV = ey e T Tz M

where
Z; is the spot rate, or zero-coupon yield or zero rate, for period 1
Z, is the spot rate, or zero-coupon yield or zero rate, for period 2
Z) is the spot rate, or zero-coupon yield or zero rate, for period N

We'll use spot rates on Canadian and Australian government bonds to demonstrate
bond pricing with spot rates.
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Exhibit 3: Government Bond Spot Rates: Canada and Australia

Spot Rates (%)
3.0

2.5

2.0

O ...1"| L N N N N
12345 7 10 20 30
Years until Maturity

Canada ~<ecceeee Australia

Maturity
(Years) 1 2 3 4 5 7 10 20 30

Canada 0.31% 0.57% 0.80% 0.96% 1.11% 1.30% 1.58% 1.98% 2.06%
Australia 0.03% 0.07% 0.30% 0.59% 0.81% 1.17% 1.52% 2.35% 2.47%

EXAMPLE 1

Bond Prices and Yields-to-Maturity Based on Spot Rates

1. Calculate the price (per 100 par value) of a five-year Canadian government
bond with a 1.00% coupon given the spot rates shown in Exhibit 3.
Solution:

99.50. To calculate the price of the bond, we use Equation 1 and the spot
rates provided for each cash flow.

PMT PMT PMT+ FV
= + + .ee 4
V= Taezy T Ty
1 1 1 1 101
= s 4 +
2 (1+0.003D!  (1+0.0057)2  (1+0.0080)° (1+0.0096)* (1+0.0111)5"
PV =199.50.

2. Calculate the price (per 100 par value) of a five-year Australian government
bond with a 0.80% coupon given the spot rates shown in Exhibit 3.
Solution:

100.01. To calculate the price of the bond, we use Equation 1 and the spot
rates provided for each cash flow.

PMT PMT PMT+FV
= + + e
AR LA (E AN (R ALE
PV = 0.80 0.80 0.80 4 0.80 4 100.80

T (1+0.0003)! " (14+0.0007)2  (1+0.0030)>  (1+0.0059)*% (1 +0.0081)%
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PV =100.01

3. Calculate the YTM of the five-year Canadian government bond, using the
price obtained in Question 1.
Solution:
1.104%. Instead of solving for the price, we use Equation 1 to solve for the
YTM, the IRR that equates the price computed in Question 1 with the
present value of future cash flows. In Microsoft Excel or Google Sheets, the
RATE or IRR function can be used to solve for r.

_ _PMT__ _PMT . . PMT+FV
aA+n' a+n? a+ny

PV

1 1 1 1 101

= + + +
99,50 A+n a+n2 A+ A+p* A+pS

r=0.011036 = 1.104%

Notice that the yield of the coupon bond is slightly below the five-year spot
rate.

QUESTION SET [ y

1. True or false: In practice, a spot curve is created by calculating the
yields-to-maturity on recently issued coupon-paying government bonds of
varying maturities.

A. True
B. False
Solution:

True. While zero-coupon government risk-free bonds would be preferable,
in practice, the spot curve is created using yields on recently issued cou-
pon-paying government bonds and linear interpolation. These bonds best
satisfy the conditions for term structure analysis.

2. Determine the missing word in the following sentence: Because there are
usually limited data to calculate yields for the full range of maturities, it is
usually necessary to between observed yields to complete curve
data.

Solution:

Because there are usually limited data to calculate yields for the full range of
maturities, it is usually necessary to interpolate between observed yields to
complete curve data.

3. Calculate the price and yield-to-maturity of a 2.5% coupon, five-year bond
given the following spot rates. Assume annual compounding.

1-year 3.000%
2-year 2.800%
3-year 2.600%
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4-year 2.400%
5-year 2.200%
Solution:

The price is 101.314.

PMT PMT PMT+ FV
= + 4+ e+
=z Tz T Ty
py = 250 2.50 2.50 2.50 102.50
1+0.03)!  (1+0.028)2  (1+0.026)3 (1+0.024*  (1+0.022)5°
PV =101.34
The YTM is 2.22%.
py = _PMT PMT ., . PMT+FV
a+n' a+n? a+ny
10134 = 230 2.50 2.50 2.50 102.50

A+ A+P2 A+»3 A+»* A+

r=0.022195 =2.22%

4. Suppose we observed the following term structure for Canadian govern-

ment bonds. Calculate the price of a 0.50% coupon, three-year Canadian
government bond.

Maturity Yield-to-maturity

1-Year 1.1000%

2-Year 0.9500%

3-Year 0.7951%

4-Year 0.5700%

5-Year 0.3100%
Solution:

The price is 99.126.

PMT PMT PMT+ FV
= + e
PV T aezy T Ty
PV = 0.50 0.50 100.50
(140.01D!  (1+0.0952  (1+0.007951)3
PV=99.126

. Example 1 includes a question for a 0.50% coupon, three-year Canadian
government bond, in which the bond’s price is the same as the 99.126 price
in Question 4 above. Contrast the Canadian spot curves in Example 1 and
Question 4 and explain why these two different yield curves produced the
same pricing result.

Solution:

Example 1 has an upward-sloping term structure, while in Question 4,
the term structure is downward sloping. An important similarity is that,
despite the vast difference in starting points (i.e., the one-year spot rates)
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between the two examples, the three-year spot rates are similar. In Example
1, the three-year rate is 0.7977%, and the three-year rate in Question 4 is
0.7951%. As a result of the similarity of the spot rates in the upward- and
downward-sloping term structure examples, it is possible to exhibit the
same price (and YTM) in upward- and downward-sloping term structure
environments.

PAR AND FORWARD RATES

] define par and forward rates, and calculate par rates, forward rates
from spot rates, spot rates from forward rates, and the price of a
bond using forward rates

Par Rates from Spot Rates

An important use of spot rates is determining par rates. A par rate is a yield-to-maturity
that makes the present value of a bond’s cash flows equal to par (100% of face value).
Par rates derived for hypothetical government bonds with different times-to-maturity
are commonly used for term structure analysis because they control for tax, trading,
and other potential distortions associated with actual bonds priced at either a discount
or premium. The widely cited US Treasury yield curve published each day by the US
Department of the Treasury, for example, is composed of par rates. The most recently
issued or on-the-run government securities introduced in an earlier lesson, however,
are actual bonds whose yields-to-maturity are close to but not equal to par rates.
On a coupon payment date, the following equation can be used to calculate a par

rate by solving for PMT given a sequence of spot rates Z;, Z,, . .., Z,,. Between coupon
dates, we set the flat price, rather than the full price, equal to 100.
100 = _PMT PMT _ PMT + 100 @

(o) ez TV

This equation is very similar to Equation 1, except PV = FV = 100. Recall that for
a bond to trade at par, its coupon rate and yield-to-maturity must be equal. So, by
solving for PMT, we also solve for the yield-to-maturity for the bond to trade at par.
This single rate, divided by 100, is the par rate per period.

An example illustrates the calculation of par rates given spot rates. Suppose the
current one-, two-, three-, and four- year spot rates on government bonds are 5.263%,
5.616%, 6.359%, and 7.008%, respectively. These are effective annual rates.

The one-year par rate is 5.263%:

PMT + 100

100 =" 0526317

PMT = 5.263.

The two-year par rate is 5.606%.

PMT PMT+ 100

100 = (1.05263)1 ~ (1.05616)2°

PMT = 5.606.

The three-year and four-year par rates are 6.306% and 6.899%, respectively.

PMT PMT PMT+ 100,

= +
100 (1.05263)! * (1.05616)2  (1.06359)3’

PMT = 6.306.

PMT _ _ PMT . _ PMT PMT + 100
(1.05263)! * (1.05616)2  (1.06359)3  (1.07008)4’

100 = PMT = 6.899.
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We can confirm that these are the par rates through the pricing formula. Using these
par rates as the coupon and yield-to-maturity, the price of the two-year bond is 100:

5.606/(1.05606)! + 105.606/(1.05606)% = 100.

Likewise, the price of the four-year bond is also 100:
6.899/(1.06899)! + 6.899/(1.06899)% + 6.899/(1.06899)3 + 106.899/(1.06899)*
=100.

EXAMPLE 2

Bond Prices and Yields-to-Maturity Based on Par Rates

1. The par rate for a bond may be calculated from the set of spot rates reflect-
ing maturities up to and including the maturity of the desired par rate. Using
the spot rate data shown in Exhibit 1, calculate the par rate for a three-year
Canadian government bond. In this example (and subsequent examples),
annual payments and compounding are assumed.

Solution:

Use Equation 2 to solve for PMT, as follows:

100 — _PMT__PMT__  PMT+100
(1 +zl)1 (1 +22)2 (1 +ZN)N ’
100 = PMT PMT + PMT + 100

+ .
(1+0.003117D! A +0.568)2 (1 +0.7977)3
We can factor out PMT and then solve for it:

1 4 1 i 1 " 100
1 2 3) ! 3
(1+0.003117) (1+0.568) 1 +0.7977) (1+0.7977

100 = PMT  (

PMT=0.7952.

To convert the coupon payment to a par rate per period, we divide by 100
(i.e., 0.7952/100). Thus, the par rate equals 0.7952%.

Forward Rates from Spot Rates

Spot rates can also be used to calculate implied forward rates (also known as forward
yields), which are breakeven reinvestment rates. They link the return on an investment
in a shorter-term zero-coupon bond to the return on an investment in a longer-term
zero-coupon bond.

Suppose that the yields-to-maturity on three-year and four-year zero-coupon bonds
are 3.65% and 4.18%, respectively. An analyst would like to know how much extra
return is implied by these rates for investing for four rather than three years (i.e., an
incremental year). This would be the implied one-year forward yield three years into
the future, depicted in Exhibit 4.
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Exhibit 4: The One-Year Implied Rate, Three Years from Today

Time | | |
[ [ |
t=0 t=3 t=4
Implied forward rate =
3-year zero
I Z,=365% 3yly
4-year zero I
Z,=4.18% ‘

The most common market practice is to name this forward rate the “3yly,” pronounced
“three-year into one-year rate,” or simply “3’s, 1’s” The first number refers to the length
of the forward period in years from today, and the second number refers to the tenor
of the underlying bond, or its remaining time-to-maturity. In the money market, the
forward rate is usually expressed in months.

If the investor’s view on future bond yields is that the one-year yield in three years’
time is likely to be lower than the 3yly, it might be better to simply invest in the
four-year zero-coupon bond. However, if the investor’s view is that the one-year yield
will be more than the implied forward rate, the investor might prefer the three-year
bond and then reinvest at the expected higher rate for an additional one year. That
explains why an implied forward rate is the breakeven reinvestment rate.

Equation 3 is a general formula for the implied forward rate, IFR 4 p_y4, for a security
begins at £ = A and matures at ¢ = B (tenor B — A). To solve for it, we need the spot
rate, z4, and the longer-term spot rate, zg. This is illustrated in Exhibit 5.

(I+ZpAx (A +IFRy p_ )8 4= (1 + Zp)B. 3)

Exhibit 5: Implied Forward Rates

Time | | |
[ [ |
t=0 t=A t=B
Shorter-term bond A Z, Implied forward rate
I IFRAB-A
Longer-term bond B I z,

Using Equation 3, let’s solve for the 3yly since we know that the yields-to-maturity
on three-year and four-year zero-coupon bonds are 3.65% and 4.18%, respectively:

(I+Z) < A +IFR 5 _ B ~4=(1+ Zp)PB.

(1+0.0365)3 x (1 + IFRy ) = (1 +0.0418)%.
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IFR3 1= 0.057863 = 5.79%

The “3yly” implied forward yield is 5.79%. If the investor believes that the one-year
yield will be higher than that in three years, she should invest in the three-year bond
rather than the four-year bond (and vice versa).

EXAMPLE 3

Deriving Forward Rates from Spot Rates

1. Let’s return to the spot rates shown in Exhibit 1. In the following example,
we will assume annual compounding (i.e., periodicity of 1). Calculate the
2yly implied forward rate on Canadian government bonds.

Solution:

To calculate the 2yly implied forward rate, we recognize that we are esti-
mating the one-year rate at a point two years from Time 0. Therefore, A = 1,
B =3, Z , is the two-year spot rate, and Zp is the three-year spot rate:

(I+Z)A % (1 +IFR p_ )B4 =(1+Zp)B
(1+0.00568)% x (1 +IFRy )l = (1 +0.007977)>.

IFR, | = 0.0126.

Thus, the implied forward rate for a one-year bond two years from now is
1.26%.

Spot Rates from Forward Rates and Bond Pricing with Forward
Rates

While forward rates can be calculated from spot rates, spot rates can also be calculated
from forward rates, and either can be used for pricing because they are interconnected.
An example will illustrate this process.

Suppose the current sequence of one-year rates today and the one-year rate one,
two, and three years from now are as follows:

Time Period Forward Rate
Oyly 1.88%
1yly 2.77%
2yly 3.54%
3yly 4.12%

These are annual rates stated for a periodicity of 1. They are effective annual rates. The
first rate, the Oyly, is the one-year spot rate. The others are one-year forward rates.
Spot rates can be calculated using Equation 3. The two-year implied spot rate is 2.324%:

(I+Z) < A +1IFR 5 _ B ~4=(1+ Zp)P.
(1+0.0188)? x (1 +0.0277)! = (1 + Z,)>.

Z,=10.023240 = 2.324%
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Notice how the product of the Oyly and 1yly is the two-year spot rate. This property
holds in general, because the spot curve can be calculated by taking the geometric
average of the forward rates. This is evident if we solve for the implied three- and
four-year spot rates. Using Equation 3, we can use the implied two-year spot rate we
just found to solve for the three-year spot rate:

(I+Z) < (A +1IFR 5 _ B ~4=(1+ Zp)P.
(1+0.023240)> x (1 +0.0277)! = (1 + Z5)>.

Z5=0.027278 = 2.73%
Or since the two-year spot rate is the product of the Oyly and 1yly rates, we can simply
multiply across the forward curve for three- and four-year spot rates:

(1.0188 x 1.0277 x 1.0354) = (1+ Z3)3; Z; = 0.27278

(1.0188 x 1.0277 x 1.0354 x 1.0412) = (1 + Z,)* Z4 = 0.030741

Suppose that an analyst needs to value a four-year 3.75% annual coupon payment
bond that has the same risks as the bonds used to obtain the forward curve. Using
the implied spot rates, the value of the bond is 102.637 per 100 of par value.

3.75 3.75 3.75 103.75
(1.0188)!  (1.023240)2  (1.027278)3 ~ (1.030741D)*

= 102.637.

The bond also can be valued using the forward rates as follows:

3.75 4 3.75 + 3.75
(1.0188) ~ (1.0188 x 1.0277) ~ (1.0188 x 1.0277 x 1.0354)

103.75 _
* (1.0188 x 1.0277 x 1.0354 x 1.0412) 102.637.

EXAMPLE 4

Deriving Spot Rates from Forward Rates and Pricing
Bonds Using Forward Rates

Suppose we have the following forward rates for Canadian government bonds:

Forward tenor Rates

Oyly 0.3117%
1yly 0.8250%
2yly 1.2587%
1y2y 1.0416%

1. Calculate a three-year spot rate on Canadian government bonds using the
forward rate information.

Solution:
The three-year spot rate is calculated using three of the one-year forward

rates above: the Oyly, 1yly, and 2yly.
(1.003117 x 1.008250 x 1.012587) = (1 + z3)3.

23 =0.7977%.
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2. Calculate the value of a three-year Canadian government bond paying a
0.50% coupon using forward rates.

Solution:

0.5 + 0.5 + 100.50
1.003117 ~ (1.003117 x 1.008250) ~ (1.003117 x 1.008250 % 1.0012587)

PV =

PV =99.126

This example corresponds to Question 4 in the earlier Lesson Question Set.
A review of the solution to that problem indicates that we have shown that the
value of the three-year 0.50% coupon Canadian government bond is equal to
99.126 regardless of whether we use spot rates or forward rates.

QUESTION SET [ f

1. Contrast a par rate and a yield-to-maturity.

Solution:

A par rate is the YTM and coupon rate assuming a bond is priced at par
value and cash flows are discounted using spot rates, while the yield-to-ma-
turity is the internal rate of return on a bond’s cash flows using a bond’s
current price.

2. Calculate a three-year par rate given the following spot rates. Assume annu-
al compounding:

1-year 3.0000%
2-year 2.8000%
3-year 2.6000%
Solution:
2.607%.
PMT PMT PMT + 100
= +
100 (I+zp! A+ 77 (A+zpV
100 = PMT PMT PMT 4 PMT + 100

+ +
(140.03)!  (1+0.028)2  (1+0.026)3 (1+0.026)3

1 1 1 , 100
(1+0.03)! * (1+0.028)2 * ( +0.026)3) (1 40.026)3

100 = PMT  (

PMT =2.607%
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3. Match the implied forward rate to the spot rates necessary to calculate it.

1. 1y2y A. Three-year and two-year spot rates

2. 3y2y B. Three-year and one-year spot rates

3. 2yly C. Five-year and three-year spot rates
Solution:

1. B. The 1y2y is a two-year forward rate in one year. Thus, we start with the
three-year spot rate and use the one-year spot rate to find an implied two-
year forward rate.

2. C. The 3y2y is a two-year forward rate in three years. Thus, we start with
the five-year spot rate and use the three-year spot rate to find an implied
two-year forward rate.

3. A. The 2yly is a one-year forward rate in two years. Thus, we start with
the three-year spot rate and use the two-year spot rate to find an implied
one-year forward rate.

4. Determine the missing words in the following sentence: An implied forward
rate represents a reinvestment rate such that no arbitrage
opportunities exist between spot and forward rates.

Solution:

An implied forward rate represents a breakeven reinvestment rate such that
no arbitrage opportunities exist between spot and forward rates.

5. Calculate the implied forward rate 2y3y given the following spot rates. As-
sume annual compounding.

Tenor Spot Rate
1-year 2.0%
2-year 2.3%
3-year 2.5%
4-year 2.6%
5-year 2.4%

Solution:

2.467%.

(I +Zptx (1 +1IFRy g )B4 =(1+Zp)P
(1+0.023)2 x (1 + IFR, 3)* = (1 + 0.024)

Z5=2.467%

6. Calculate the price of a 2% coupon bond with 100 par value maturing in
three years given the following forward rates, and demonstrate that this
price is equivalent regardless of whether spot rates or forward rates are used
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as discount rates. Assume annual compounding and the following forward
rates.

Tenor Forward Rate

Oyly 1.5%
1yly 2.5%
2yly 3.5%

Solution:

The price is 98.619.
Forward rate approach:

2 2 N 102
(1.015) " (1.015 x 1.025) " (1.015 x 1.025 x 1.035)"

PV

PV =98.6190.
The implied one-, two-, and three-year spot rates are as follows:

One-year = 1.5%.
Two-year = (1.015 x 1.025)(1/2) — | = 1.999%,

Three-year = (1.015 x 1.025 x 1.035)(1/3) — 1 =2.4967%.

Using the spot prices to price the bond gives the following:

2 2 102
= +

Py (1.015!  (1.01999)2  (1.024967)3"

PV =98.6190.

. Demonstrate how an investor with a five-year investment horizon would

optimally decide between the two following strategies:

= Buy a three-year government bond at the 3% spot rate, and then rein-
vest for two years at the expected future two-year rate.

= Buy a five-year government bond at the 4% spot rate.

Solution:

Calculate the implied two-year forward rate in three years:

(I+Z) < A+ IFRy5_ B4 =(1+ZpPb
(1+0.03)3 x (1 +IFR3,)? = (1 +0.04)°.

If the investor believes that the two-year rate in three years will be greater
than 5.52%, then the better strategy is to buy the three-year government
bond and reinvest at a higher rate. If the investor believes that the two-year
rate in three years will be less than 5.52%, then the five-year bond should be
purchased. The implied forward rate represents the breakeven reinvestment
rate.
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SPOT, PAR, AND FORWARD YIELD CURVES AND
INTERPRETING THEIR RELATIONSHIP

] compare the spot curve, par curve, and forward curve

Because spot, par, and forward rates are interconnected, so are the shapes of the spot,
par, and forward curves. This analysis is best illustrated through an example. In an
earlier lesson, we used spot rates to compute par rates and forward rates for Canadian
and Australian government bonds. We can use these rates to build yield curves across
a range of maturities, shown in Exhibit 6.

Exhibit 6 Spot, Par, and Forward Curves (Canada and Australia)

A. Spot, Par, and Forward Curves: Canadian Government Bonds

2.5

20

05 |

0 1 ! 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10

Spot «eeeeeees Par ----- Forward

3.0

25

1 2 3 4 5 6 7 8 9 10
Spot eeeeeee Par ----- Forward
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We can make the following general observations:

1. The spot rates are positive, and the spot curve is upward sloping.

2. The spot and par curves are nearly identical; the par rates are slightly lower
than the spot rates, and the (slight) difference between the spot and par
curves is greater at longer maturities.

3. Forward rates are greater than the spot and par rates.

These observations stem from general relationships between the shapes of the
curves. If the spot curve is upward sloping, par rates will be near—but below—spot
rates, particularly at the long end of the curve. This is because the low short-term
spot rates result in higher bond prices, particularly for longer-term bonds, which
results in low par rates when we do the calculation that assumes the price is 100% of
par. Forward rates being above spot rates, if the spot curve is upward sloping, follows
from the prior lesson, which established forward rates as incremental rates of return.

Exhibit 7 shows the spot, par, and forward curves if the spot curve is flat, assumed
to be 2.50% for all maturities. When the spot rate is constant across all maturities,
the par and forward rates will equate to the spot rate across all maturities as well. In
short, a flat spot rate curve reflects no expectations of changes in future interest rates;
thus forward rates equal spot rates. In this particular example, government bonds
would pay a 2.5% coupon rate, and the bonds would be priced at par value (thus, the
par rate is also 2.5%).

Exhibit 7: Flat Term Structure

30

25

0 1 ! 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10

Spot -eeeeees Par ----- Forward

Exhibit 8 shows the spot, par, and forward curves for a downward-sloping (inverted)
spot curve or falling spot rates as maturities lengthen. Starting from a 4% 1-year spot
rate, rates fall to 1.90% for a maturity of 10 years. As in the previous examples, the par
rates are similar to the spot rates. The inverted term structure of spot rates reflects
expectations of significantly lower one-year rates in future years, and this is shown
by the forward curve. In this example, the spot rate term structure implies a one-year
rate of 0.1175% expected in nine years.
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Exhibit 8: Inverted Term Structure
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We conclude with Exhibit 9, which summarizes the general relationship between the
spot, par, and forward curves for different spot curve shapes.

Exhibit 9: Spot, Par, and Forward Curve Relationship

Spot Curve Shape Par Curve Forward Curve
Upward Sloping Below spot curve Above spot curve
Flat Equal to spot curve Equal to spot curve

Downward Sloping (Inverted) Above spot curve Below spot curve
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QUESTION SET [ f

1. The chart below shows a spot curve and its implied forward curve.
Identify the forward curve, and justify your choice.

50
45
40
35 |
30 |
25
20 |

15 r
1.0
05 |

0 1 1 1 1 1 1 1 1 1 1

Solution:

The forward curve is represented by the line that moves from 3.0% to ap-
proximately 1.5% in Year 5 and then slopes dramatically higher from Year 5
to 6, ending at about 4.5% in Year 10.

When the spot curve is sloping downward (Years 1-5), forward rates will
be below spot rates. When the spot curve is sloping upward (Years 6-10),
forward rates will be above spot rates.

For Questions 2 and 3, refer to the spot rate data shown in Exhibit 10. It is
important to note that some bonds will trade at negative yield. This was prev-
alent among developed market sovereign bonds in the wake of the financial
crisis as central banks pursued accommodative monetary policy in response
to below-target inflation. Negative rates do not change the fundamental math-
ematics used in bond pricing.

Exhibit 10: Negative Spot Rates (Germany and Switzerland)

Maturity Germany Switzerland
1-year —-0.6965% —0.7882%
2-year —-0.7034% —-0.7133%
3-year -0.7021% —0.6435%
4-year —-0.6418% -0.5615%
5-year -0.5578% —-0.4757%
6-year —-0.4796% —-0.4080%
7-year —-0.4014% -0.3402%
8-year —-0.3269% -0.2673%
9-year —-0.2524% —0.1945%

10-year -0.1779% -0.1216%
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2. Calculate the implied one-year forward rate in nine years in Switzerland.
Solution:

The question is requesting the 9yly forward rate. This is calculated from the
10-year and 9-year spot rates, as follows:

(A +Z)tx (A +1FRy g _ )B4 = (1 +Zp)P
(1+-0.001945)? x (1 + IFRg )! = (1 +-0.001216)!°

Thus, the implied one-year forward rate in nine years for Swiss government
bonds is 0.537%.

3. Explain why a country with negative spot rates, such as Switzerland, may
have positive forward rates.

Solution:

As shown in earlier examples, an upward-sloping spot curve (which Swit-
zerland has) will be characterized by forward rates that are greater than spot
rates. As the negative rates become less negative and move closer to zero,
the more likely that forward rates will be positive with an upward-sloping
spot curve.

4. The following chart shows spot and forward curves for German sovereign
bonds. Explain why the forward curve is close to identical to the spot curve
for two and three-year maturities.

1.0

05 |

-05 |

1 > 3 4 5 6 7 8 9 10
Spot ceeeeeee Par - ---- Forward

Solution:

In flat term structure environments, forward rates equal spot rates. The spot
rates in Germany for two and three-year maturities appear to be approxi-
mately equivalent to the one-year spot rate. Thus, Germany’s term structure
is flat for the first three years, and forward rates should be approximately
equal to spot rates.
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PRACTICE PROBLEMS

The following information relates to questions
1-9

Use the spot rates provided to answer the following questions.

Government Bond Spot Rates

Maturity Canada Australia Germany Switzerland
1-year 0.3117% 0.0272% -0.6965% —0.7882%
2-year 0.5680% 0.0675% —-0.7034% -0.7133%
3-year 0.7977% 0.3003% -0.7021% —0.6435%
4-year 0.9640% 0.5853% —-0.6418% -0.5615%
5-year 1.1105% 0.8052% —-0.5578% —0.4757%
6-year 1.2052% 0.9877% —-0.4796% —0.4080%
7-year 1.2998% 1.1702% —-0.4014% —-0.3402%
8-year 1.3935% 1.2878% -0.3269% -0.2673%
9-year 1.4872% 1.4054% —0.2524% —0.1945%
10-year 1.5809% 1.5230% -0.1779% -0.1216%

1. Which level of coupon would the Swiss government choose if its goal is to mini-
mize the premium over par value for a five-year debt issue?

A. 1.0%
B. 0.5%

¢ 0.0%

2. The Australian government is considering issuing three-year bonds with a 3.0%
coupon with annual payments. Given the spot rates in Australia, the price is
closest to:

A. 108.05.
B. 108.07.

C. 108.69.

3. Suppose the one-year and two-year spot rates in Canada move upward by 20 bps
but the three-year Canadian spot rate remains unchanged. Which of the follow-
ing best reflects the updated three-year Canadian par rate?

A. Increases by approximately 13 bps
B. Increases by approximately 7 bps

C. Increases by approximately 0.16 bps




© CFA Institute. For candidate use only. Not for distribution.

Practice Problems

4. Match the spot rates needed to calculate the corresponding implied forward

rates.

1. Two-year and five-year spot rates

A. Two-year implied forward rate in five
years

2. Two-year and seven-year spot rates

B. Three-year implied forward rate in two
years

3. Five-year and seven-year spot rates

C. Five-year implied forward rate in two

years

5. Which of the following choices is the closest to the implied five-year forward rate
in two years for Swiss government bonds?

A. -0.191%
B. —-0.001%
¢ -0.317%

6. Match the sequence of forward rates and the corresponding spot rate that the

forward rates will calculate.

Forward rates

Spot rate calculation

1. Oyly x 1yly x 2yly

A. Four-year spot rate

2. Oyly x 1y2y x 3y3y

B. Three-year spot rate

3. Oyly x 1yly x 2yly x 3yly

C. Six-year spot rate

7. Which of the following statements about yield curves is true?

A. Spot curves are derived from par rates.

B. Par curves are derived from forward rates.

C. Forward curves are derived from spot rates.

8. Match the following statements about forward rate curves with corresponding

statements about spot rate curves.

1. The forward rate curve lies above the spot
rate curve.

A. The spot rate curve is downward sloping
(i.e., inverted).

2. The forward rate curve lies below the spot
rate curve.

B. The spot rate curve is upward sloping (i.e.,
normal).

3. The forward rate curve is equivalent to the
spot rate curve.

C. The spot rate curve is flat across all
maturities.

9. Match the following statements about par rate curves with corresponding state-
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ments about spot rate curves.

1. The par rate curve lies above the spot rate
curve.

A. The spot rate curve is upward sloping (i.e.,
normal), and spot rates are negative.

2. The par rate curve lies below the spot rate
curve.

B. The spot rate curve is upward sloping (i.e.,
normal), and spot rates are positive.

3. The par rate curve is equivalent to the spot
rate curve.

C. The spot rate curve is flat across all
maturities.
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SOLUTIONS

1. Cis correct. Given that Switzerland’s current five-year spot (and par) rate is nega-
tive, any non-negative coupon will cause the Swiss government to issue debt at a
premium to par. Issuance of debt without a coupon will minimize the size of the
premium.

2. Bis correct.

PMT PMT PMT+ FV
= + oo 4
=iy Tz T Tz
3 3 103
= +
Py (1+0.000272)1 (1 +0.000675)2 (1 +0.003003)3
PV =108.07.

3. Cis correct. In Example 2, we calculated the three-year Canadian par rate. The
par rate of 0.7952% approximates the spot rate of 0.7977%, so the most important
change affecting the three-year par rate is the change in the three-year spot rate.
Because it does not change, the only change will be a slight move in the par rate
toward the spot rate (to approximately 0.7968%).

4. 1. B. By using two-year and five-year rates, the difference represents the tenor
of the implied forward rate of three years, and the shorter tenor rate reflects the
beginning of the forward in two years.

2. C. By using two-year and seven-year rates, the difference represents the tenor
of the implied forward rate of five years, and the shorter tenor rate reflects the
beginning of the forward in two years.

3. A. By using five-year and seven-year rates, the difference represents the tenor
of the implied forward rate of two years, and the shorter tenor rate reflects the
beginning of the forward in five years.

5. The correct answer is A. The implied five-year forward rate in two years is the
2y5y rate. To calculate, we use the seven-year Swiss government rate and the
two-year Swiss government rate, as follows:

2y5y IFR = [(1 — 0.003402)7/(1 — 0.007133)2]1/%) — 1 = 0.191%.

Choice B represents the 5y2y implied forward rate, and Choice C represents the
2y3y implied forward rate.

6. 1.B. This is a series of three one-year forwards, thus providing the information
for a three-year spot rate.
2. C. This sequence is a one-year spot rate, followed by a two-year forward rate in
one year, followed by a three-year forward rate in three years.
3. A. This sequence is a series of four one-year forwards.

7. The correct answer is C. The forward rates used to construct forward curves are
derived from spot rates. Statement A is not true, because par rates are derived
from spot rates. Statement B is not true, because par curves are derived from
spot rates.

8. 1.B.In anormal interest rate environment with an upward-sloping yield curve,
forward interest rates will be greater than their corresponding spot rates across
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all maturities.

2. A. In an inverted spot rate environment, forward interest rates will be below
their corresponding spot rates.

3. C. A flat maturity structure of interest rates is sometimes assumed. In such an
environment in which spot rates are constant, this implies that future expecta-
tions are for interest rates to remain at a constant level. Thus, forward rates equal
spot rates in a flat term structure environment.

9. 1. A. This situation is illustrated in the German and Swiss government interest
rate data in which spot rates are negative while the spot rate curve is upward
sloping. In such instances, par rates lie above spot rates.

2. B. This situation is illustrated in the Canadian and Australian government
interest rate data in which spot rates are positive and the spot curve is normal.

3. C. This is a hypothetical case but can be seen by creating a flat spot rate curve.
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LEARNING MODULE

10

Interest Rate Risk and Return

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] calculate and interpret the sources of return from investing in a
fixed-rate bond;
] describe the relationships among a bond’s holding period return, its

Macaulay duration, and the investment horizon;

] define, calculate, and interpret Macaulay duration.

INTRODUCTION

Prior lessons on yield measures established that a fixed-income investor’s rate of
return will equal a bond’s yield-to-maturity (YTM) under certain assumptions. In
these lessons, we explore the sources of return for fixed-income investments and
demonstrate investment returns in different scenarios, including the one embedded in
the YTM calculations. Prior lessons also established interest rate risk. We show how
investment horizon, in relation to a bond’s features, is a key determinant of interest
rate risk for investors and how different investors in the same fixed-income invest-
ment can have different returns and views on risk. Finally, we introduce Macaulay
duration, a weighted-average measure of the time to receipt for a bond’s cash flows,
and demonstrate how holding a bond for its Macaulay duration balances reinvestment
and price risks.

LEARNING MODULE OVERVIEW %

= There are three sources of return for fixed-rate bond inves-
tors: (1) coupon and principal payments, (2) reinvestment of
coupons, and (3) gain or loss on the sale of the bond if the bond is sold
prior to maturity.

= The rate of return on a fixed-rate bond investment is found by using
the holding period, the future value of coupons received, the sale price,
and the purchase price to calculate a compounded, annualized rate of
return.
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= If all cash flows are received at scheduled dates, coupons are rein-
vested at the same rate as a bond’s YTM, and the bond is held to
maturity, an investor’s annualized compounded rate of return will
equal the bond’s YTM. If any of those assumptions do not hold, the
investor’s rate of return will vary.

= Reinvestment risk and price risk are types of interest rate risk and have
an inverse relationship. Reinvestment risk is the risk of decreasing
reinvestment returns on cash flows, which occurs when interest rates
fall. Price risk refers to declining prices and occurs when interest rates
rise.

= The longer the investment horizon, the more important reinvestment
risk is relative to price risk. If an investor’s investment horizon equals
the Macaulay duration of a bond, the risks equally offset each other.

=  Macaulay duration is the weighted-average time to receipt of a bond’s
cash flows, where the weights of each cash flow in the calculation are
each cash flow’s share of the bond’s full price (i.e., present value).

= When the investment horizon is greater than (less than, equal to) a
bond’s Macaulay duration, coupon reinvestment risk is higher than
(lower than, equal to) the bond’s price risk.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of the learning module.

1. A source of risk for a buy-and-hold fixed-income investor, ignoring credit
risk, is from:

A. capital gain/loss on sale only.
B. coupon reinvestment only.

(. neither capital gain/loss on sale nor coupon reinvestment.
Solution:

B is correct. Changes in interest rates during the holding period of the bond
will impact returns from reinvestment of coupons.

A is incorrect because for a buy-and-hold investor, there is no risk of capital
gain or loss since the investor is not selling the bond prior to maturity and
will get the par value of the bond at the maturity date.

Cis incorrect because a buy-and-hold investor’s returns are impacted by the
rate earned on the reinvestment of coupons, or reinvestment risk.

2. A family office purchases a six-year, 5.8% annual coupon eurobond priced at
par for settlement on 15 December 2031. The bond matures on 15 Decem-
ber 2037. Immediately after the purchase of the bond, interest rates rise to
6.5%. The family office sells the bond after three years. The family office’s
total annualized return on the investment was closest to:

A. 5.28%.
B. 5.80%.
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C. 6.50%.
Solution:

A is correct. The total annualized return is composed of the (1) coupon
payments, (2) reinvestment of coupons, and (3) gain/loss on the sale. This is
equal to 5.28%, as shown below.

The future value of the coupons including reinvestment is

=—F1(0.065, 3, 5.8, 0, 0) = 18.556.

The sale price of the bond after three years is
=—PV(0.065, 3, 5.8, 100, 0) = 98.146.

The realized return, r, is

1
BT
PV

1
_ (18.556 +98.146\3
r= ( 100 ) L

7=0.0528=5.28%

B is incorrect because it would be the return if interest rates remained at
5.8%.

C is incorrect because 6.5% is the interest rate at which the coupons will be
reinvested, not the rate of return for the family office on the investment.

3. The risk to an investor who buys a bond at par value and intends to sell it
before the receipt of the first coupon payment, ignoring credit risk, is most
likely from:

A. price risk.
B. reinvestment risk.

(. neither price risk nor reinvestment risk.
Solution:

A is correct. Changes in interest rates can affect the price of the bond and,
therefore, the returns for the investor.

B is incorrect because if the investor intends to sell the bond before the
receipt of the first coupon, then reinvestment risk is irrelevant because no
coupons will be reinvested.

C is incorrect because the investor faces price risk.

4. Reinvestment risk and price risk of a bond offset one another if an investor’s
investment horizon is:

A. equal to the bond’s time-to-maturity.
B. equal to the bond’s Macaulay duration.

C. less than the bond’s Macaulay duration.
Solution:

B is correct. When the investment horizon is equal to the Macaulay dura-
tion, the gain (loss) from coupon reinvestment is offset by the loss (gain) in
the price of the bond from changes in interest rates.

A is incorrect because if an investor holds a bond to maturity (ignoring
credit risk), the investor faces no price risk but does face reinvestment risk.
Therefore, reinvestment risk will dominate price risk.
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Cis incorrect because if the investment horizon is less than the Macaulay
duration, price risk dominates reinvestment risk.

5. Hightest Capital purchases a 15-year, 6.8% annual coupon bond and has an
investment horizon of 7.0 years. The Macaulay duration of the bond is 9.85
years. The duration gap at the time of purchase is closest to:

A. 2.85.

B. 5.15.

C. 8.00.
Solution:

A is correct. The duration gap for a bond is the difference between its Ma-
caulay duration and the investor’s investment horizon: 9.85 — 7.0 = 2.85.

B is incorrect because it is the difference between the bond’s maturity and
its Macaulay duration (15 — 9.85 = 5.15).

Cis incorrect because it is the difference between the bond’s maturity and
the investor’s investment horizon (15 — 7 = 8.00).

6. Consider a bond that has two years remaining to maturity, a coupon of 4%
paid semiannually, and a yield-to-maturity of 4.60%. Assuming it is 63 days
into the first coupon period and a 30/360 basis, the bond’s annualized Ma-
caulay duration is closest to:

A. 0.9419 years.
B. 1.7666 years.

(. 1.9416 years.
Solution:

B is correct.

Time to
Time to Receipt x

Period Receipt  Cash Flow PV Weight Weight
1.0000 0.6500 2.0000 1.9707 0.0198 0.0129
2.0000 1.6500 2.0000 1.9264 0.0193 0.0319
3.0000 2.6500 2.0000 1.8830 0.0189 0.0501
4.0000 3.6500 102.0000 93.8759 0.9420 3.4383
99.6559 1.0000 3.5331
Annualized 1.7666

MacDur

The first cash flow’s time-to-receipt is (180-63)/180 = 0.65 periods from now
as it is 63 days into the period. Each subsequent cash flow is received one
period later after the first, so time-to-receipt = 0.65 + 1, 0.65 + 2, and so on.

7. Consider a bond that has five years remaining to maturity, a coupon of 0%
paid annually, and a yield-to-maturity of —0.38%. Assuming it is the issuance
date and a 30/360 basis, the bond’s annualized Macaulay duration is closest
to:

A. 3.5361 years.
B. 5.0000 years.
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(. 6.3412 years.
Solution:
B is correct. No calculation is required, because the Macaulay duration of a
zero-coupon bond is its time-to-maturity unless it is between coupon dates.
To demonstrate, however, see the following table:
Time to
Time to Receipt x
Period Receipt Cash Flow PV Weight Weight
1.0000 1.0000 0.0000 0.0000 0.0000 0.0000
2.0000 2.0000 0.0000 0.0000 0.0000 0.0000
3.0000 3.0000 0.0000 0.0000 0.0000 0.0000
4.0000 4.0000 0.0000 0.0000 0.0000 0.0000
5.0000 5.0000 100.0000 100.9554 1.0000 5.0000
100.9554 1.0000 5.0000
SOURCES OF RETURN FROM INVESTINGIN A
FIXED-RATE BOND
] calculate and interpret the sources of return from investing in a

fixed-rate bond;

Fixed-rate bond investors have three sources of return: (1) receipt of promised coupon
and principal payments on the scheduled dates, (2) reinvestment of coupon payments,
and (3) potential capital gains or losses on the sale of the bond prior to maturity. We
now focus on how interest rate changes affect the reinvestment of coupon payments
and a bond’s market price if sold prior to maturity.

We start with two investors buying BRWA’s new 10-year, 6.2% (annual) coupon
eurobond, but each investor has a different time horizon for holding it. Initially, inter-
est rates are unchanged. Then, we demonstrate the impact of higher interest rates on
investors’ total return. Finally, we show the effect of lower interest rates.

EXAMPLE 1

The first investor, Viswan Family Office (VFO), is a “buy-and-hold” investor,
purchasing BRWA’s new 10-year, 6.2% (annual) coupon eurobond priced at
par (settlement: 15 October 2025; maturity: 15 October 2035) and holds it to
maturity. If the coupon payments are reinvested at 6.2%, the yield-to-maturity,
the future value of the coupons on the bond’s maturity date, is found using
Microsoft Excel’s FV function:

= -FV(Rate, Nper, Pmt, Pv, Type),

where Type indicates payment at the end (0) or beginning (1) of the period. For
this bond,

=-F11(0.062, 10, 6.2, 0, 0) = 82.493 per 100 of par value.
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While 62 (= 6.2 x 10) in total coupons is received, the excess amount,
20.493 (= 82.493 — 62), is the “interest-on-interest” gain from reinvesting and
compounding. The investor’s rate of return, expressed as a compound annual
growth rate, is 6.20%.

- (D)
1

_ (B2403+100y0_
100 :

r=0.0620 = 6.20%.

Example 1 demonstrates that yield-to-maturity at the time of purchase equals the
investor’s rate of return under three assumptions: (1) the investor holds the bond to
maturity, (2) there is no default by the issuer, and (3) the coupon interest payments
are reinvested at that same rate of interest.

Example 2 considers the second investor, Baywhite Financial (Baywhite), which also
buys the 10-year, 6.2% annual coupon payment bond and pays the same price. However,
Baywhite has a four-year investment horizon, so coupon interest is reinvested for four
years, and the bond is sold immediately after receiving the fourth coupon payment.

EXAMPLE 2

Baywhite buys BRWA’s 10-year, 6.2% eurobond but sells after four years. If the
coupon payments are reinvested at 6.2% for four years, the future value of the
reinvested coupons is 27.20321 per 100 of par value.

=—F710.062, 4, 6.2, 0, 0) = 27.203.

Interest-on-interest gain from reinvesting and compounding is 2.403 (=
27.203 — 24.800). When the bond is sold, it has six years remaining to maturity.
Assuming yield-to-maturity remains 6.2%, the sale price is still 100% of par.

Baywhite’s annualized rate of return is 6.20%:

1
(e
r=\pr .

. (27.2(;303 100)%_ L

r=10.0620 = 6.20%.

Horizon yield is an investor’s IRR based on the total return (reinvested coupon
payments plus sale price or redemption amount) and the purchase price of the bond.
The horizon yield on a bond investment is the annualized holding-period rate of return.

In Example 2, Baywhite’s horizon yield is 6.2%, which matches the original
yield-to-maturity even though Baywhite did not hold the bond until maturity. This
example shows that the realized horizon yield matches the original yield-to-maturity
if (1) coupon payments are reinvested at the same interest rate as the original
yield-to-maturity and (2) the bond is sold at a price on the constant-yield price tra-
jectory, implying there is no capital gain or loss when the bond is sold. Importantly,
capital gains (losses) arise if a bond is sold at a price above (below) its constant-yield
price trajectory, as shown in a prior lesson.
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A point on the trajectory represents the carrying value of the bond at that time.
The carrying value is the purchase price plus (minus) the amortized amount of the
discount (premium) if the bond is purchased at a price below (above) par value. The
constant-yield price trajectory for the investors in Example 1 and Example 2 is a flat
curve at a price of 100 as the bonds were purchased and sold at par.

We now demonstrate the impact of higher interest rates on VFO and Baywhite by
increasing interest rates by 100 basis points (bps) immediately after investment. The
yield on the bond increases from 6.20% to 7.20%, and coupon reinvestment rates go
up by 100 bps as well.

EXAMPLE 3

VFOQ, the buy-and-hold investor, purchases BRWA’s new 10-year, 6.2% (annual)
coupon eurobond at par, and then interest rates immediately increase to 7.20%.
The future value of the reinvested coupons at 7.20% for 10 years is

=—F7(0.072, 10, 6.2, 0, 0) = 86.475.
And VFO’s realized rate of return (horizon yield) is 6.43%:
1
FV\T
7)1
1

_ (86.471503 100) 10 1.

r=0.0643 = 6.43%.

VFO benefits from the higher coupon reinvestment rate. The realized horizon
yield is 6.43%, 23 bps higher than the outcome in Example 1, when interest rates were
constant. Importantly, VFO does not incur a capital gain or loss because it holds the
bond until maturity.

EXAMPLE 4

Baywhite buys the same BRWA eurobond at par, interest rates immediately rise
to 7.2%, and it sells the bonds four years later. The future value of the reinvested
coupons at 7.2% is

= -F1(0.072, 4, 6.2, 0, 0) = 27.609.

We must also calculate the sale price of the bond because the change in
interest rates affects the bond’s price and, unlike VFO, Baywhite is selling it
before maturity. We calculate the sale price after four years as

=—PV(0.072, 6, 6.2, 100, 0) = 95.263,
resulting in a realized four-year horizon yield of 5.28%:
1
FV\T
) -1

1
_ (27.609 +95.263 )Z _q
7 100 o

r=10.0528 = 5.28%.
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While Baywhite also benefits from the higher coupon reinvestment rate, it is more
than offset by the capital loss from the sale of the bonds at the higher yield (lower
price). Thus, Baywhite’s rate of return is lower than in Example 2, where the interest
rate remained at 6.2%.

We now examine the rates of return for these two investors if interest rates decline
by 100 bps; the yield on the BRWA bonds fall from 6.20% to 5.20% immediately after
they are purchased.

KNOWLEDGE CHECK y

Immediately after VFO, the buy-and-hold investor, purchases BRWA’s
10-year eurobonds at par, interest rates fall to 5.20%.

1. Calculate the future value of reinvested coupons.
Solution:

The future value of reinvesting the coupon payments at 5.20% for 10 years is

=—F110.052, 10, 6.2, 0, 0) = 78.715.

2. Calculate VFO'’s horizon yield (realized rate of return).

Solution:
VFQ’s horizon yield is 5.98%:
1
= (Fr)' -

1
_ (78.715 + 100)m7 !
100 :

r=10.0598 = 5.98%.

3. Contrast VFO’s investment outcome in this scenario to Example 1 and Ex-
ample 3.

Solution:

VFO suffers from the lower coupon reinvestment rate. The realized horizon
yield of 5.98% is 22 bps lower than the result in Example 1, when interest
rates were unchanged, and 45 bps lower than the result in Example 3. There
is no capital gain or loss, because the bonds are held until maturity. VEO’s
experience indicates that interest rate risk for a buy-and-hold investor arises
entirely from reinvestment risk.

Baywhite buys BRWA’s 10-year Eurobonds at par, and interest rates fall imme-
diately to 5.20%. Baywhite sells the bonds after four years.

4. Calculate the future value of the reinvested coupons.
Solution:

The future of the reinvested coupons is

=—F7(0.052, 4, 6.2, 0, 0) = 26.802.
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5. Calculate Baywhite’s horizon yield (realized rate of return).
Solution:

The sale price of the bond after four years is
=—PV(0.052, 6, 6.2, 100, 0) = 105.043,
resulting in a realized four-year horizon yield of 7.16%:

1
BT
PV .

1
_ (26.802 +105.043 )Z -
100 )

r=0.0716 = 7.16%

6. Contrast Baywhite’s investment outcome in this scenario to Example 2 and
Example 4.

Solution:

The reduction in the future value of the coupons is more than offset by Bay-
white’s capital gain from the sale. Consequently, Baywhite’s horizon yield is
higher than in both Example 2 and Example 4.

As just demonstrated, interest income is the return associated with the passage of
time, so it includes the receipt of coupon interest, the reinvestment of those coupons,
and the amortization of the discount (or premium) from purchase at a price below (or
above) par value to realign the return with the market discount rate. A capital gain
or loss is the investor’s return associated with the change in the value of the security,
which for a fixed-rate bond arises from a change in the yield-to-maturity (i.e., the
implied market discount rate).

This series of examples illustrates an important point about fixed-rate bonds: an
investor’s investment horizon is at the heart of understanding interest rate risk and
return. There are two offsetting types of interest rate risk that affect the bond investor:
reinvestment risk and price risk. The future value of reinvested coupon payments
increases when interest rates rise and decreases when rates fall. The sale price on
a bond that matures after the horizon date decreases when interest rates rise and
increases when rates fall.

Reinvestment risk matters more when the investor has a long-term investment
horizon. A buy-and-hold investor only has reinvestment risk. Price risk matters
more when the investor has a short-term investment horizon. An investor who sells
before the first coupon is received has only price risk. Thus, two investors holding
the same bond can have different exposures to interest rate risk if they have different
investment horizons.

QUESTION SET [ y

1. Fill in the blanks using the two words below:

Reinvestment risk

Price risk
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An investor who has a long-term investment horizon is more concerned
about , while the investor with a short-term investment hori-
zon is more concerned about

Solution:

An investor who has a long-term investment horizon is more concerned
about reinvestment risk, while the investor with a short-term investment
horizon is more concerned about price risk.

2. What is the carrying value of a bond?
Solution:

The carrying value of a bond is the total value of the price at which the bond
was purchased plus (minus) the adjustment for amortization of the discount
(premium) if the bond is purchased at a price below (above) par value.

3. Match the following

Future value of coupons Interest rates

A. Increase Decrease

B. Decrease Increase
Solution:

The answer to A is increase. The future value of coupons has a direct rela-
tionship with interest rates. Rising interest rates mean coupons are reinvest-
ed at a higher rate, increasing their future value.

The answer to B is decrease. The future value of coupons has a direct rela-
tionship with interest rates. Falling interest rates mean coupons are reinvest-
ed at a lower rate, decreasing their future value.

4. An investor purchases a five-year, 5.6% (annual) coupon priced at par (set-
tlement: 15 December 2031; maturity: 15 December 2036) and sells it after
two years. Immediately after the purchase of the bond, interest rates rise to
5.9%. The investor’s total return at the end of two years is closest to:

A. 5.23%.

B. 5.60%.

C. 5.75%.
Solution:

A is correct. The investor’s total return is composed of the (1) coupons, (2)
reinvestment of coupons, and (3) gain/loss on sale prior to maturity.
The future value of the coupons assuming reinvestment at 5.90% is

=—F7(0.059, 2, 5.6, 0, 0) = 11.5304.

The sale price of the bond after two years, when three years remain to matu-
rity, is

=—-PV(0.059, 3, 5.6, 100, 0) = 99.1966.

The realized rate of return is 5.23%:

1
- (T
r §27 .
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1
_ (11530 +99.197\2 _
r= ( 100 > L.

r=10.0523 = 5.23%.

B is incorrect because it is the rate of return if interest rates remain at 5.60%.
Cis incorrect because it is the average of the two rates (i.e., the coupon rate,
5.6%, and the new, higher interest rate, 5.9%).

5. An investor purchases a seven-year, 6.7% (annual) coupon eurobond priced
at par (settlement: 15 December 2031; maturity: 15 December 2038) and
sells it after four years. Immediately after the purchase of the bond, interest
rates fall to 6.3%. The investor’s annualized rate of return at the end of four
years is closest to:

A. 6.50%.
B. 6.66%.
C. 6.89%.
Solution:

C is correct. The future value of the coupon and its reinvestment at 6.30% is
=—-F1(0.063, 4, 6.7, 0, 0) = 29.441.

The sale price of the bond after four years is

=—P1(0.063, 3, 6.7, 100, 0) = 101.063.

The investor’s rate of return is 6.89%:

1
- (T
PV

1
_ (29.441 + 101.063)Z —1
100 ’

r=0.0689 = 6.89%.

A is incorrect because this is the average of the annual coupon rate and the

prevailing interest rate.
B is incorrect because this calculation does not account for the appreciation
in the bond price after interest rates fall.

INVESTMENT HORIZON AND INTEREST RATE RISK

] describe the relationships among a bond’s holding period return, its
Macaulay duration, and the investment horizon;

] define, calculate, and interpret Macaulay duration.

We now extend the prior discussion by introducing a third investor in BRWA'’s 10-year,
6.2% annual eurobonds: Hightest Capital, which has an 8-year time horizon. If interest
rates remain at 6.20%, the future value of reinvested coupon interest is

=-FV(0.062, 8, 6.2, 0, 0) = 61.807.
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When the bond is sold, it has two years remaining to maturity. Assuming
yield-to-maturity remains at 6.2% and the sale price is 100, Hightest’s horizon yield
(realized rate of return) is 6.20%:
|
FV\T
) =1

_ (61.8%3 100)%_ L

r=0.0620 = 6.20%.

If interest rates immediately rose to 7.20% after the purchase, the future value of
coupons would increase:

= _F1(0.072, 8, 6.2, 0, 0) = 64.071.
And the price of the bond at the time of sale would fall:
=-PV(0.072, 2, 6.2, 100, 0) = 98.197.

Hightest’s realized eight-year horizon yield is now 6.24%:
1
_ (FV\T _
r=(5r) 1.

1
_ (64.071 +98.197)§ _q
100 :

r=0.0624 = 6.24%.

Notice that the capital loss from the bond sale of 1.803 (= 98.197 — 100.00) is roughly
matched by the additional coupon reinvestment income of 2.265 from the increase
in interest rates. Therefore, Hightest’s total return is nearly the same as in the stable
rate scenario (6.24%, compared with 6.20%).

Now assume instead that market interest rates fall by 100 bps, to 5.20%. The future
value of coupons decreases while the price of the bond at the time of sale increases:

=—F7(0.052, 8, 6.2, 0, 0) = 59.630.
=—-P)(0.052, 2, 6.2, 100, 0) = 101.854.
Hightest’s realized eight-year horizon yield is now 6.17%:

1
- (T
r PV .

1
_ (59.630 + 101.854>§_ 1
100 ’

~
|

r=20.0617=6.17%.

Notice that the capital gain from the bond sale of 1.854 is roughly matched by the
decrease in coupon reinvestment income. Again, Hightest’s total return is nearly the
same as in the stable rate scenario (6.17%, compared to 6.20%).

Hightest’s investment results, along with those of VFO and Baywhite, are summa-
rized in Exhibit 1. They reveal an important outcome for Hightest with the eight-year
horizon: Total returns and horizon yields are nearly the same regardless of interest rates.
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Investors' Horizon Yields on BRWA's 10-Year Bonds
8%

7%

Bond YTM

6%

Horizon yields
N
32

Rates stable Rates rise by 100 bps Rates fall by 100 bps
at 6.20% to 7.20% to 5.20%

m VFO (buy and hold) = Baywhite (sells after 4 years) m Hightest (sells after 8 years)

Hightest’s investment horizon of eight years was chosen to illustrate an important
quantity for the BRWA bond and fixed-income instruments generally: Macaulay
duration, a holding period for a bond that balances coupon reinvestment gain (loss)
and price loss (gain) for a one-time instantaneous “parallel” shift in the yield curve
once the bond purchase is settled. It is named after Frederick Macaulay, the Canadian
economist who introduced the concept in 1938. Given the result for Hightest, we know
that the Macaulay duration of this BRWA bond is close to eight years.
Exhibit 2 illustrates Macaulay duration for a bond initially priced at par value.
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Exhibit 2: Interest Rate Risk, Macaulay Duration, and Investment Horizon

A. Interest rates rise

Gain on the future value
Gains of reinvested coupons

Initial date

/

Macaulay duration /l \
Maturity
date

Losses

Loss on the sale of the bond

B. Interest rates fall

Gain on the sale of the bond
Gains

\

Loss on the future value
of reinvested coupons
Losses

Macaulay
duration

As shown in Panel A, when interest rates rise, there is an immediate drop in price.
Then, as time passes, the bond price is “pulled to par” The increase in the future
value of reinvested coupons starts small but builds over time, and the curve indicates
the added future value of reinvested coupons due to the higher interest rate. At the
Macaulay duration, the two effects offset each other: the gain on reinvested coupons
is equal to the loss from the increase in interest rates.

The same pattern is shown in Panel B, when interest rates fall. There is an imme-
diate increase in price, but then the “pull-to-par” effect brings the price down as
time passes. The impact from reinvesting at a lower rate starts small but becomes
significant over time. Again, the Macaulay duration indicates the point when the two
effects offset each other, so the gain from the decrease in interest rates equally offsets
the loss from coupon reinvestment at lower rates.

The foregoing discussion allows for statements about the general relationships
among interest rate risk, the Macaulay duration, and the investment horizon shown
in Exhibit 3:
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Exhibit 3: Macaulay Duration, Investment Horizon, and Interest Rate Risk

Source of Interest Rate

Dominant Risk Risk
Investment Horizon > Macaulay Reinvestment Risk Falling Interest Rates
Duration
Investment Horizon = Macaulay Price Risk = Reinvestment —
Duration Risk
Investment Horizon < Macaulay Price Risk Rising Interest Rates
Duration

The Macaulay duration of the BRWA bond is 7.7429 years (the calculation will be
demonstrated in the next lesson). So, Statement 1 reflects VFO'’s situation with its
10-year horizon; Statement 2, Hightest, the investor with the 8-year horizon; and
Statement 3, Baywhite, the investor with the 4-year horizon.

As shown in Equation 1, the duration gap for a bond is the difference between
its Macaulay duration and the investor’s investment horizon.

Duration gap = Macaulay duration — Investment horizon. @)

VEO, with a 10-year horizon, has a negative duration gap. Therefore, the primary risk
it faces is lower interest rates. Hightest, with the eight-year horizon, has a duration
gap of approximately zero, so it is nearly hedged against interest rate risk. Baywhite,
with the four-year horizon, has a positive duration gap and is at risk of higher rates.
Importantly, as time passes, the investment horizon is reduced and the Macaulay
duration of the bond also falls.

KNOWLEDGE CHECK i

Three investors, Rook Point Investors, Fyleton Investments, and Amy
Investments, purchase a 5.61%, 30-year Romanian eurobond at par

value. The bond’s Macaulay duration is 15.16 years. Rook Point’s investment
horizon is five years, while Fyleton and Amy have investment horizons of 15
and 30 years, respectively.

1. Calculate the returns for the three investors for three scenarios:
Scenario 1: Interest rates fall by 50 bps immediately after the purchase.
Scenario 2: Interest rates stay stable at 5.61%.

Scenario 3: Interest rates rise by 50 bps immediately after the purchase.
Solution:

The total returns under the various scenarios for each investor are shown in
the table below.

The key point to note is that when an investor’s investment horizon is
almost equal to the bond’s Macaulay duration, the returns under various in-
terest rate scenarios remain the same. The gain (loss) from coupon reinvest-
ment risk is offset by the loss (gain) from the price risk.
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Rates Stable at 5.61%

Rates Rise t0 6.11%

Rates Fall to 5.11%

Rook Point Fyleton Amy Rook Point Fyleton Amy Rook Point Fyleton Amy
Investment Horizon Investment Horizon Investment Horizon
5 15 30 5 15 30 5 15 30
MacDur > MacDur = MacDur < MacDur > MacDur = MacDur < MacDur > MacDur = MacDur <
Horizon Horizon Horizon Horizon Horizon Horizon Horizon Horizon Horizon

Future Value of Coupons

Future Value of Coupons

Future Value of Coupons

31379 | 126765 | 414223 31694 | 131678 | 452199 31067 | 122063 | 379.840
Redemption Value or Sale Price Redemption Value or Sale Price Redemption Value or Sale Price
100000 | 100000 [ 100.000 93675 | 95179 | 100000 | 106970 | 105152 [ 100.000
Horizon Yield Horizon Yield Horizon Yield
5.610% 5.610% 5.610% 4.626% 5.613% 5.861% 6.659% 5.624% 5.367%
QUESTION SET [ 4

1. Match the following:
Duration Gap Risk Source

A. Negative Rising interest rates
B. Positive Falling interest rates
Solution:

The answer to A is falling interest rates. A negative duration gap means that
the bond’s Macaulay duration is lower than the investor’s investment hori-
zon, which means that reinvestment risk is the dominant source of interest
rate risk, from falling interest rates.

The answer to B is rising interest rates. A positive duration gap means that
the bond’s Macaulay duration is higher than the investor’s investment hori-
zon, which means that price risk is the dominant source of interest rate risk,
from rising interest rates.

Complete the equation below with the following terms:
Macaulay duration

Investment horizon

Time-to-maturity

Duration gap = -

Solution:

Duration gap = Macaulay duration — Investment horizon.
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3. An investor intends to hold a bond with eight years remaining to maturity
for eight years. The bond’s Macaulay duration is 6.841. The investor is pri-
marily exposed to which of the following interest rate risks:

A. Price risk
B. Reinvestment risk

C. Neither price nor reinvestment risk
Solution:

B is correct. A buy-and-hold investor is not exposed to price risk, because
she does not intend to sell the bond prior to maturity. However, her rate of
return is impacted by the rate at which she can reinvest coupons.
Alternatively, the investor’s investment horizon is eight years, whereas the
bond’s Macaulay duration is 6.841. When the investment horizon exceeds
the Macaulay duration, reinvestment risk dominates.

MACAULAY DURATION

] define, calculate, and interpret Macaulay duration.

The prior lesson established Macaulay duration as a holding period for a bond that
balances reinvestment and price risk. We now turn to its calculation.

The most straightforward way to understand the Macaulay duration of a traditional
fixed-rate bond is that it is the weighted average of the time to receipt of the bond’s
cash flows, where the weights of each cash flow in the calculation are each cash flow’s
share of the bond’s full price (i.e., present value). Before we introduce the general
equation, let’s take a specific example to demonstrate the calculation of Macaulay
duration: BRWA'’s 10-year, 6.2% (annual) coupon eurobond used in the previous lessons.

Exhibit 4 illustrates the calculation of Macaulay duration at issuance, assuming
the bond was issued at par, settled on 15 October 2025, and matures on 15 October
2035. Because this is a corporate bond, we assume a 30/360 day-count basis.

Exhibit 4: Macaulay Duration of BRWA Corp. 10-Year, 6.2% Annual Eurobond

at Issuance

Coupon 6.20%
Coupon frequency per year 1
Price per 100 par value 100
Yield-to-maturity 6.20%
Settlement date 15 October 2025
Maturity 15 October 2035

Years to maturity 10
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(2) (3) (4) (5) (6)

(4) + Sum (1) x (5)
of present
values

Time to

Cash Present receipt x

Period Time to receipt flow value Weight weight
1 1 6.2 5.8380 0.0584 0.0584
2 2 6.2 5.4972 0.0550 0.1099
3 3 6.2 5.1763 0.0518 0.1553
4 4 6.2 4.8741 0.0487 0.1950
5 5 6.2 4.5895 0.0459 0.2295
6 6 6.2 4.3216 0.0432 0.2593
7 7 6.2 4.0693 0.0407 0.2849
8 8 6.2 3.8317 0.0383 0.3065
9 9 6.2 3.6080 0.0361 0.3247
10 10 106.2 58.1942 0.5819 5.8194
100.0000 1.0000 7.7429

Columns 1 and 2 show the number of periods and the time to receipt of the
cash flow, respectively. If the calculation is done at issuance or on a coupon
date, they are equal.

Column 3 is the cash flow per 100 of par value, and column 4 is the present
value of that cash flow.

The fifth column is the weight, or each cash flow’s share of total PV. Notice
that the final payment, PMT,; + FVy;, of 106.2 accounts for 58% of the
bond’s PV.

The sixth column is the time to receipt of the cash flow (Column 2) mul-
tiplied by the weight (Column 5). The sum of this column is the Macaulay
duration, 7.7429. This is close to Hightest Capital’s investment horizon of
eight years from the prior lesson, which means that Hightest has balanced
its reinvestment and price risk.

Macaulay duration is often quoted as an annualized statistic. Since this bond pays
coupons annually, no adjustment is needed. If the bond were a semiannual coupon
bond, we would divide the Macaulay duration by 2 (two semiannual periods per year)
to obtain an annualized Macaulay duration. When quoted as an annualized statistic,
the units for Macaulay duration is years.

Notice how 7.7429 years is less than 10, the time-to-maturity of the bond. This is
because Macaulay duration is a present value—weighted average of the time to receipt
of the cash flows, while time-to-maturity is the time to receipt of the final cash flow.

The general calculation of Macaulay duration, MacDur, that also accounts for

partial

coupon periods if the calculation is done between coupon dates is shown in

Equation 2.



Macaulay Duration
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MacDur =
N —_

where

t is the number of days from the last coupon payment to the settlement date;
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T is the number of days in the coupon period;

t/T is the fraction of the coupon period that has passed since the last payment;

PMT is the coupon payment per period;

FV is the future value paid at maturity, or the par value of the bond;

r is the yield-to-maturity per period; and

N is the number of evenly spaced periods to maturity as of the beginning of
the current period.

EXAMPLE 5

Macaulay Duration between Coupon Dates

Now let’s compute the Macaulay duration for the BRWA bond between cou-
pon dates—specifically, on 11 December 2025, 57 days after issuance. The only
difference from the prior example is that we are 57 days in the future, so rather
than ¢/T = 0 like at issuance, t/T = 57/360, and each cash flow’s time to receipt

is 57 days earlier.

Macaulay Duration of BRWA Corp. 10-Year, 6.2% Annual Eurobond

Settling 57 Days after Issuance

Coupon

Coupon frequency per year

Price per 100 par value

Yield-to-maturity
Settlement date
Maturity

Years to maturity

6.20%

1

100

6.20%

11 December 2025
15 October 2035
10

(4) (5)
(4) + Sum of
present values

(1) x (5)

Time to Cash Present Time to receipt x
Period receipt flow value Weight weight
1 0.8417 6.2 5.8939 0.0584 0.0491
2 1.8417 6.2 5.5498 0.0550 0.1012
2.8417 6.2 5.2258 0.0518 0.1471
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Time to Cash Present Time to receipt x

Period receipt flow value Weight weight
4 3.8417 6.2 4.9207 0.0487 0.1872
5 4.8417 6.2 4.6335 0.0459 0.2222
6 5.8417 6.2 4.3630 0.0432 0.2525
7 6.8417 6.2 4.1082 0.0407 0.2784
8 7.8417 6.2 3.8684 0.0383 0.3005
9 8.8417 6.2 3.6426 0.0361 0.3190
10 9.8417 106.2 58.7511 0.5819 5.7273

100.9570 1.0000 7.5845

Comparing this example to the prior example, we see that the time to receipt of
each flow is lower, reflecting the fact that we are 57 days later, which increases
the present value of each cash flow. However, the present value weight of each
cash flow remains the same. The Macaulay duration (7.5845) is lower than in
the prior example (7.7429), reflecting the lower times to receipt.

This example demonstrates an important property of Macaulay duration: it is
not static; it falls as time elapses and the time to receipt of each cash flow falls.

Besides a spreadsheet, Macaulay duration also can be calculated using the
DURATION function in Microsoft Excel or Google Sheets:

=DURATION(Settlement, Maturity, Coupon, Yld, Frequency, [Basis])
where

Settlement is the date of settlement, in DATE form

Maturity is the maturity date, in DATE form

Coupon is the annual coupon rate

Yld is the annualized yield-to-maturity

Frequency is the periodicity, typically the number of coupon payments per
year; it is 1 for annual, 2 for semiannual, 4 for quarterly

[Basis] is the day-count convention; 0 or omitted is 30/360, 1 is act/act, 2 is
act/360, 3 is act/365

Finally, another approach to calculating Macaulay duration is to use a closed-form
equation derived using calculus and algebra, shown as Equation 3:

_Ji4r 1Ert[Nx@-n]| ¢
MaCDW_{ ek 1ty

(€))

~l

where
r is the yield-to-maturity per period;

N is the number of evenly spaced periods to maturity as of the beginning of
the current period;

c is the coupon rate per period;

t is the number of days from the last coupon payment to the settlement date;
and

T is the number of days in the coupon period.
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Macaulay Duration

1. Consider a bond that has three years remaining to maturity and a

Macaulay duration is closest to:

A. 2.801 years.
B. 2.857 years.

(. 3.000 years.
Solution:

B is correct.

QUESTION SET [ f

coupon of 4% paid semiannually and is priced at 100. The bond’s annualized

Time to
Time to Cash receipt x
Period receipt flow Present value Weight weight
1 1 2 1.961 0.0196 0.01961
2 2 2 1.922 0.0192 0.03845
3 3 2 1.885 0.0189 0.05654
4 4 2 1.848 0.0185 0.07391
5 5 2 1.811 0.0181 0.09057
6 6 102 90.573 0.9057 5.43438
100.00000 1.00000 5.71346
Annualized Macaulay duration (years) 2.857

2. An investor with a three-year investment horizon purchases a bond with
four years remaining to maturity, a coupon of 1% paid semiannually, and a
yield-to-maturity of 0.90%. With respect to interest rate risk, the investor is
primarily concerned about:

A. rising interest rates.
B. falling interest rates.

C. neither rising nor falling interest rates.
Solution:

A is correct. The Macaulay duration of the bond is 3.9312 years.

Time to
Time to Receipt x

Period Receipt  Cash Flow PV Weight Weight
1.0000 1.0000 0.5000 0.4978 0.0050 0.0050
2.0000 2.0000 0.5000 0.4955 0.0049 0.0099
3.0000 3.0000 0.5000 0.4933 0.0049 0.0147
4.0000 4.0000 0.5000 0.4911 0.0049 0.0196
5.0000 5.0000 0.5000 0.4889 0.0049 0.0243
6.0000 6.0000 0.5000 0.4867 0.0048 0.0291
7.0000 7.0000 0.5000 0.4845 0.0048 0.0338

8.0000 8.0000 100.5000 96.9542 0.9658 7.7260
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Time to
Time to Receipt x
Period Receipt  Cash Flow PV Weight Weight
100.3920 1.0000 7.8624
Annualized MacDur (years) 3.9312

downside concern is rising interest rates.

When the Macaulay duration of a bond is longer than the investor’s invest-
ment horizon (three years), price risk dominates and the investor’s primary

Macaulay duration is closest to:

A. 2.4758.
B. 4.9515.

(. 5.3130.
Solution:

B is correct.

3. Consider a bond that has five years remaining to maturity, a coupon of 0.5%
paid annually, and a yield-to-maturity of —0.20%. The bond’s annualized

Time to
Time to Receipt x

Period Receipt CF PV Weight Weight
1.0000 1.0000 0.5000 0.5010 0.0048 0.0048
2.0000 2.0000 0.5000 0.5020 0.0048 0.0097
3.0000 3.0000 0.5000 0.5030 0.0049 0.0146
4.0000 4.0000 0.5000 0.5040 0.0049 0.0195
5.0000 5.0000 100.5000 101.5111 0.9806 4.9029
103.5211 1.0000 4.9515

duration is closest to:

A. 4.2371.
B. 4.5054.

C. 4.6987.
Solution:

C is correct.

4. Consider a bond that has five years remaining to maturity, a coupon of 0.5%
paid annually, and a yield-to-maturity of —0.20%. Assume it is 91 days into
the first coupon period and a 30/360 basis. The bond’s annualized Macaulay

Time to
Time to Receipt x
Period Receipt  Cash Flow PV Weight Weight
1.0000 0.7472 0.5000 0.5007 0.0048 0.0036
2.0000 1.7472 0.5000 0.5018 0.0048 0.0085
3.0000 2.7472 0.5000 0.5028 0.0049 0.0133
4.0000 3.7472 0.5000 0.5038 0.0049 0.0182
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Macaulay Duration

Time to

Time to Receipt x
Period Receipt  Cash Flow PV Weight Weight
5.0000 4.7472 100.5000 101.4597 0.9806 4.6550
103.4687 1.0000 4.6987

Note that a straightforward way to calculate Macaulay duration using a
spreadsheet between coupon periods is to set the first cash flow’s time to
receipt as 1 — ¢/T (here = 1 — 91/360) and subsequent times to receipt as the
prior plus 1.
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PRACTICE PROBLEMS

1. Assuming no capital gain or loss when the bond is sold, an investor’s horizon
yield is equal to a bond’s yield-to-maturity at the time of investment if coupons
are reinvested at a rate:

A. lower than the bond’s yield-to-maturity at investment.
B. equal to the bond’s yield-to-maturity at investment.

C. higher than the bond’s yield-to-maturity at investment.

2. An investor purchases an eight-year, 6.4% annual coupon eurobond priced at
par (settlement: 15 June 2031; maturity: 15 December 2039) and sells it after six
years. Assuming interest rates rise by 100 bps immediately after purchase, the
investor’s rate of return at the end of six years is:

A. lower than 6.4%.
B. equal to 6.4%.

(. higher than 6.4%.

3. The carrying value of a bond purchased at a price below par is equal to the origi-
nal purchase price:

A. minus the accumulated premium amortization.
B. minus the accumulated discount amortization.
C. plus the accumulated discount amortization.
4. The duration gap at which reinvestment risk and price risk are equal is:
A. less than zero.
B. equal to zero.

C. greater than zero.

5. When an investor’s investment horizon is less than a bond’s Macaulay duration,
the investor faces downside risk if, after the purchase of the bond, interest rates:

A. decrease.
B. increase.

C. either decrease or increase.

6. An investor purchases a 12-year, 5.8% annual bond and intends to sell it after 10
years. The Macaulay duration of the bond is 8.97 years. If interest rates fall by 75
bps immediately after the purchase of the bond, the investor faces:

A. negative reinvestment risk.
B. no reinvestment risk.

(. positive reinvestment risk.
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7. Consider a bond that has three years remaining to maturity, a coupon of 4% paid
semiannually, and a yield-to-maturity of 4.60%. Assuming it is 12 days into the
first coupon period and a 30/360 basis, the bond’s annualized Macaulay duration
is closest to:

A. 1.8764 years.
B. 2.8386 years.

(. 2.8553 years.

8. Hightest Capital purchases a seven-year, 6.4% coupon bond and has an intend-
ed investment horizon of four years. The Macaulay duration of the bond is 5.86
years. If interest rates increase by 50 bps immediately after buying the bond,
Hightest Capital faces:

A. negative price risk.
B. negative reinvestment risk.

(. positive price risk.
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SOLUTIONS

1. Bis correct. For the horizon yield to match the original yield-to-maturity of the
bond, two conditions must be met:
(1) The coupon payments are reinvested at the original yield-to-maturity.
(2) The bond is sold at the constant-yield price trajectory, implying no capital
gain or loss when the bond is sold.
Since there is no gain or loss when the bond is sold, the horizon yield will be
equal to the yield-to-maturity if the first condition is met (i.e., the coupons are
reinvested at the original yield-to-maturity).
A is incorrect because the horizon yield will be lower than the yield-to-maturity
if the coupons are reinvested at a lower rate than the original yield-to-maturity,
assuming no capital gain or loss on sale of the bond.
C is incorrect because the horizon yield will be higher than the yield-to-maturity
if the coupons are reinvested at a higher rate than the original yield-to-maturity,
assuming no capital gain or loss on sale of the bond.

2. A is correct. The future value of reinvested coupon interest is
= F7(0.054,6,6.4,0,0) = 46.245.
The sale price of the bond at the end of six years is
= P71(0.054,2,6.40,100,0) = 98.202,

which results in a six-year horizon yield of 6.32%, which is lower than 6.40%:

1
_ (7o
r PV .

1
_ (46.245 + 98.202)6 _q
100 :

r=0.0632 = 6.32%.

B and C are incorrect, because interest rates have risen and the investor’s in-
vestment horizon is not long enough to offset the price decline with additional
reinvestment return.

3. Ciscorrect. A bond purchased at a discount will have its price “pulled to par” as
it approaches maturity. Its carrying value at time ¢ is equal to its purchase price
plus the accumulated discount amortization.

A is incorrect because a bond purchased below par is purchased at a discount,
not a premium.

B is incorrect because the accumulated discount amortization is added, not sub-
tracted, from the purchase price to calculate carrying value.

4. Bis correct. Reinvestment risk and price risk equally offset each other when an
investor’s investment horizon equals a bond’s Macaulay duration. This is when
the duration gap is zero.

A is incorrect because a duration gap of less than zero means that Macaulay
duration is less than the investor’s investment horizon and that reinvestment risk
is higher than price risk.

Cis incorrect because when the duration gap is greater than zero, the Macaulay
duration is greater than the investor’s investment horizon, so price risk is higher
than reinvestment risk.
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5. Bis correct. If the investment horizon is less than the bond’s Macaulay duration,
then the investor’s risk is higher interest rates. For such an investor, the market
price risk dominates the coupon reinvestment risk.

A is incorrect because an investor faces risk due to a lower interest rate when the
investment horizon is greater than the bond’s Macaulay duration.

C is incorrect because when the investment horizon is less than the Macaulay du-
ration, the investor faces risk due to higher interest rates, not lower interest rates.

6. A is correct. The investor has an investment horizon of 10 years, which is greater
than the Macaulay duration of 8.97 years. Therefore, reinvestment risk dominates
price risk.

B is incorrect because the investor faces reinvestment risk because the invest-
ment horizon is higher than the Macaulay duration.

C is incorrect because the investor faces negative coupon reinvestment risk, not
positive coupon reinvestment risk, since the coupons will be reinvested at a lower
interest rate.

7. Bis correct.

Time to
Time to Receipt x

Period Receipt Cash Flow PV Weight Weight
1.0000 0.9333 2.0000 1.9580 0.0199 0.0186
2.0000 1.9333 2.0000 1.9140 0.0194 0.0376
3.0000 2.9333 2.0000 1.8709 0.0190 0.0557
4.0000 3.9333 2.0000 1.8289 0.0186 0.0730
5.0000 4.9333 2.0000 1.7878 0.0182 0.0896
6.0000 5.9333 102.0000 89.1261 0.9050 5.3695
98.4856 1.0000 5.6439

Annualized MacDur 2.8220

8. A is correct. Hightest Capital’s investment horizon is four years, which is less
than the bond’s Macaulay duration of 5.86 years. Therefore, price risk dominates
reinvestment risk and Hightest Capital faces price risk from rising interest rates.
B is incorrect because the increase in interest rates is beneficial for coupon rein-
vestment. Therefore, Hightest Capital has positive reinvestment risk.

C is incorrect because Hightest Capital faces the risk that the price of the bond
will fall as a result of the 50 bp increase in interest rates and therefore has nega-
tive price risk.
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LEARNING MODULE

11

Yield-Based Bond Duration
Measures and Properties

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] define, calculate, and interpret modified duration, money duration,
and the price value of a basis point (PVBP)

] explain how a bond’s maturity, coupon, and yield level affect its
interest rate risk

INTRODUCTION

Prior lessons explored two sources of interest rate risk—reinvestment risk and price
risk—and demonstrated how holding a bond for its Macaulay duration balances them.
This lesson and those that follow extend that discussion by introducing measures of
price risk. Two broad categories of such measures exist: those that assume underlying
bond cash flows are certain and measure price sensitivity to changes in a bond’s own
yield, which are covered in these lessons, and those that introduce the possibility of
a bond default and that measure price sensitivity to changes in a benchmark yield
curve, which are covered in later lessons. This lesson will illustrate how the interest
rate risk of a bond is a function of its features, including its time-to-maturity, coupon
rate, and yield.

LEARNING MODULE OVERVIEW %

= Duration is a quantitative measure of interest rate risk. There
are several duration measures, including those that measure
a bond’s price sensitivity to changes in its own yield-to-maturity and
assume underlying cash flows are certain (yield duration) and those
that measure changes in a benchmark yield curve, with less certain
underlying cash flows (curve duration).

= Macaulay duration, modified duration, money duration, and the price
value of a basis point (PVBP) are yield duration measures.
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= Modified duration is the slope or first derivative of the price of a bond
with respect to its yield-to-maturity, measuring the sensitivity of a
bond’s price to changes in its yield-to-maturity. Modified duration can
be calculated using a bond’s Macaulay duration and yield or through
approximation.

=  Money duration is an extension of modified duration and incorpo-
rates the size of the bond position in currency terms. Related to this
measure is the price value of a basis point, which is an estimate of the
change in the price of a bond for a 1 bp change in the bond’s yield.

=  Duration can be used to estimate the change in the price of a bond
in response to a change in yield, but it assumes a linear relationship
between price and yield even though, in fact, the relationship is non-
linear. This is most evident when estimating price changes for large
changes in yield and for bonds with certain features.

= A bond’s features, including its time-to-maturity, coupon rate, and
yield-to-maturity, determine its duration. Duration, for a given bond,
is not static and decreases as the bond approaches maturity.

= All else equal, a longer (shorter) time-to-maturity, a lower (higher)
coupon rate, or a lower (higher) yield-to-maturity results in higher
(lower) duration or higher (lower) interest rate risk.

LEARNING MODULE SELF ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of the learning module.

1. Match each of the following descriptions with the appropriate term:

Description Term

Present-value-weighted average time-to-receipt of a  i. Money duration
bond’s cash flows

Used to estimate the percentage change in a ii. Price value per basis point
bond’s price for a given change in the bond’s

yield-to-maturity

The product of the annualized modified duration iii. Macaulay duration

and the full price of a bond

Change in the full price of a bond for a 1 bp change iv. Modified duration
in yield

Solution:

Present value weighted average time-to-receipt of a bond cash flows match-
es with iii. Macaulay duration.

Used to estimate the percentage change in a bond’s price for a given change
in the bond’s yield-to-maturity matches with iv. Modified duration.

The product of the annualized modified duration and the full price of a bond
matches with i. Money duration.

Change in the full price of a bond for a 1 bp change in yield matches with ii.
Price value per basis point.
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2. If all other characteristics of a bond are held constant, an increase in the
bond’s yield-to-maturity will most likely result in:

A. adecrease in the bond’s modified duration.
B. no change in the bond’s modified duration.

(. anincrease in the bond’s modified duration.
Solution:

A is correct. An increase in the bond’s yield-to-maturity will result in a low-
er modified duration because future cash flows are discounted at a higher
rate, which reduces the present-value-weighted average of their time to
receipt.

B is incorrect because duration is affected by the present value of the bond’s
cash flows, which, in turn, is affected by the bond’s yield.

Cis incorrect because an increase in the bond’s yield-to-maturity reduces
the present value of each cash flow and hence reduces the bond’s duration.

3. Consider a bond with an annualized modified duration of 4, a coupon of 5%,
and a price of 95. The expected change in the price of the bond, per 100 of
par value, for a 50 bp increase in the bond’s yield-to-maturity is closest to:

A. -4.75.

B. -3.80.

¢ -1.90.
Solution:

C is correct. The money duration is 380:

MoneyDur = AnnModDur x PVFull,
MoneyDur = 4.0 x 95.

MoneyDur = 308.

This results in a change in price of —1.90 for a 50 bp increase in the bond’s
yield:

APVFUl ~ —MoneyDur x AYield.
APVFUl = —308 x 0.005.

APVEull = —1 90,

The change in price is negative for the increase in the yield-to-maturity.

4. Two bonds, Bond X and Bond Y, are identical except that Bond X has a low-
er coupon rate than Bond Y. Therefore:

A. the bonds will have identical modified duration.
B. Bond X will have a lower modified duration compared to Bond Y.

(. Bond Y will have a lower modified duration compared to Bond X.
Solution:

Cis correct. If two bonds are identical in all other respects (e.g., time-to-ma-
turity, yield, etc.), the bond with the lower coupon rate will have the higher
modified duration. This is because, compared to Bond Y, the present value
of each of Bond X’s coupon cash flows will make up less of the bond’s price,
while the contribution to the price of the bond from the face value will be
greater.
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5. Estimating the price value per basis point by dividing the difference in the
price of a bond for a 0.0001 decrease and a 0.0001 increase by 2 ignores:

A. convexity of the bond’s price—yield relationship.

B. concavity of the bond’s price—yield relationship.

(. symmetry in the bond’s price—yield relationship.
Solution:

A is correct. This formulation of the price value of a basis point does not
include an adjustment for convexity. This is important because the price
change for increases and decreases in yields is asymmetric, owing to the
convex relationship between price and yield.

6. The change in the price of a bond when its yield increases by 100 bps is best
described as:
A. less than the change in price for a decrease in its yield by 100 bps.
B. the same as the change in price for a decrease in its yield by 100 bps.

C. greater than the change in price for a decrease in its yield by 100 bps.
Solution:

A is correct. The price—yield relationship for most bonds is convex, such
that the increase in the price of a bond is greater for yield decreases than a
decrease in the price for the same yield increase.

MODIFIED DURATION

define, calculate, and interpret modified duration, money duration,
and the price value of a basis point (PVBP)

[

Recall from prior lessons that the price of a bond moves inversely with its yield. We
can illustrate this by pricing bonds at varying yields-to-maturity. Exhibit 1 shows
prices for three bonds introduced in prior lessons at yields ranging from 0% to 10%.
Assume all the bonds are denominated in the same currency.

= 1-year, zero-coupon Australian government bond,

= 5-year, 3.2% semiannual coupon Bright Wheels Automotive Corporation
(BRWA) bond, and

= 30-year, 4.625% annual coupon Romanian government bond.
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Exhibit 1: Three Bond Prices at Varying Yields-to-Maturity

= 250 4.625% Coupon, 30-year
s Romanian bond
S 200
t
(1}
o
[1]
2 150 3.2% Coupon, 5-year
3 BRWA bond
& 100
2 0% Coupon, 1-year
® Australian bond

50

0% 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%

Yield-to-maturity

Notice how each line shows a different price—yield relationship. The line for the
zero-coupon, 1-year Australian government bond is nearly flat, while the line for the
30-year Romanian bond is steep and downward sloping. If an investor held all three
bonds and each bond’s yield increased from 2% to 3%, the changes in price for each
would be starkly different:

Price of 1-Year Price of 5-Year BRWA Price of 30-Year
YTM Australian Bond Bond Romanian Bond
2% 98.039 105.683 158.791
3% 97.087 100.922 131.851
Change in Price -1% -5% -17%
as YTM 2% —
3%

While graphs of the price—yield relationship can help in visualizing different bonds’
interest rate risk, numbers are more useful so that investors can rank bonds by their
price sensitivity to changes in yield.

A logical numerical expression for a bond’s interest rate risk is the slope, or first
derivative, of its price—yield line. We would expect the slope of the line for the one-year
Australian bond, for example, to be relatively low, since the line is nearly flat. But we
would expect the slope of the line for the 30-year Romanian bond to be high since
that line is relatively steep. While candidates are not responsible for using calculus, we
show the steps required to find the first derivative of the price—yield line to illustrate
the logic behind the equations.

Recall that the price, PV, of an option-free bond is the present value of the bond’s
cash flows.

PMT , PMT PMT FV
A+n' @+ T a+nN o A+nV

PV =

First, we take the derivative with respect to 7, the yield-to-maturity:
dpy _ CDPMT | (-2)PMT  (“N)PMT  (-N)FV

dr (O LA ¢ S L ¢ B 5 L C SO e
1
Then, we factor out T to get
PV 1 [(1)PMT (2)PMT (N)PMT  (N)FV

dr A+nla+nt  a+nr 7 a+n¥N o a+nN”
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While this gives us the change in a bond’s price for a change in yield, it does so in
terms of PV, but percentage change in price would be more useful. To get percentage
change, we divide by PV (price):

v | [()PMT  (@)PMT (NYPMT _ (N)FV
a _ UEnla+nt a2 T AN o a+nl

PV PV PMT
1+7)
PV

expressed as a percentage of the bond price, which is then multiplied by the time to
receipt of that cash flow. In other words, the term in brackets divided by PV is the
Macaulay duration, MacDur, introduced in prior lessons. We can substitute MacDur
in the equation to obtain

Look closely at the term in brackets. Each

is the present value of that cash flow

dary
dr_ 1
PV T Tan x MacDur,
or
dPV
dr _ _ MacDur 1
PV (1+r) - (M

Without the negative sign, this is known as a bond’s modified duration, or ModDur:

MacD
ModDur = (fi r';r. @)

ModDur can be annualized, like Macaulay duration, by dividing by the number of
coupon periods per year for the bond.

Since ModDur captures the relationship between a bond’s price and its yield, we
can use it to estimate the percentage price change for a bond given a change in its
yield-to-maturity, if we substitute —AnnModDur for the right side of Equation 1 and
multiply both sides by dr, or the change in annualized yield-to-maturity:

%AP VEUll ~ — AnnModDur x AAnnYield. (3)

For example, if a bond’s modified duration is 5, its price will decrease by an estimated
5% for a 100 bp increase in yield: —=5 x 0.01 = —5%. Therefore, the higher a bond’s
modified duration, the steeper its price—yield relationship line is and the more sensitive
its price is to changes in yield.

The percentage price change refers to the full price, which includes accrued inter-
est. The = sign indicates that this calculation is an estimation because it is a linear
approximation of the nonlinear relationship between price and yield, which will be
covered in detail in a later lesson. The negative sign indicates that bond prices and
yields-to-maturity move inversely with one another.

Modified duration can also be obtained directly using the MDURATION function
in Microsoft Excel or Google Sheets. The inputs are the same as the DURATION
function to calculate Macaulay duration:

= MDURATION(Settlement, Maturity, Coupon, Yld, Frequency, [Basis]).

EXAMPLE 1

Modified Duration for the BRWA Bond

We can use Equation 2 to calculate modified duration for the five-year BRWA
bond for settlement at issuance and for 57 days after issuance.

Coupon 3.20%
Coupon frequency per year 2

Price per 100 par value 100
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Yield-to-maturity 3.20%
Issuance date 15 Oct. 2025
Maturity 15 Oct. 2035
Years to maturity 5

Time to Time x

Period receipt Cash flow PV Weight Weight
1 1.0000 1.6 1.5748 0.0157 0.0157
2 2.0000 1.6 1.5500 0.0155 0.0310
3 3.0000 1.6 1.5256 0.0153 0.0458
4 4.0000 1.6 1.5016 0.0150 0.0601
5 5.0000 1.6 1.4779 0.0148 0.0739
6 6.0000 1.6 1.4546 0.0145 0.0873
7 7.0000 1.6 1.4317 0.0143 0.1002
8 8.0000 1.6 1.4092 0.0141 0.1127
9 9.0000 1.6 1.3870 0.0139 0.1248
10 10.0000 101.6 86.6875 0.8669 8.6688
100.0000 1.0000 9.3203

At issuance, the Macaulay duration is 9.3203.
To solve for modified duration, we use Equation 2:

_ MacDur
ModDur = A+
9.3203
ModDur = ——5 55—
0.032
H( 2 )

ModDur = 9.17351; AnnModDur = 4.58676.

For settlement 57 days after issuance, the Macaulay duration is 9.0036.

Coupon 3.20%

Coupon frequency per year 1

Price per 100 par value 100

Yield-to-maturity 3.20%

Settlement date 15 Oct. 2025

Maturity 15 Oct. 2035

Years to maturity 10
Time to Time x

Period receipt Cash flow PV Weight Weight

1 0.6833 1.6 1.5827 0.0157 0.0108

2 1.6833 1.6 1.5578 0.0155 0.0261

3 2.6833 1.6 1.5333 0.0153 0.0409

4 3.6833 1.6 1.5091 0.0150 0.0553

5 4.6833 1.6 1.4854 0.0148 0.0692
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Time to Time x

Period receipt Cash flow PV Weight Weight
6 5.6833 1.6 1.4620 0.0145 0.0827
7 6.6833 1.6 1.4390 0.0143 0.0957
8 7.6833 1.6 1.4163 0.0141 0.1083
9 8.6833 1.6 1.3940 0.0139 0.1204
10 9.6833 101.6 87.1244 0.8669 8.3942
100.5039 1.0000 9.0036

To solve for modified duration, we use Equation 2:

_ MacDur
ModDur = a+n
ModDur = %.

1+ (52

ModDur = 8.86184; AnnModDur = 4.43092.

If the annual yield on BRWA's five-year, 3.2% semiannual coupon bond, settling
on 15 October 2025 and maturing on 15 October 2030, were to instantaneously
(right after issuance) increase by 80 bps, to 4.00%, the estimated change in price
would be —3.67%.

%APVUll =~ _4 58676 x 0.0080 = —0.0366941.

If the yield-to-maturity were to instantaneously (right after issuance) decrease
by 80 bps, to 2.40%, the estimated change in price would be +3.67%.

%APVEUl =~ _4 58676 x —0.0080 = 0.0366941.

Notice that the estimates for price changes are equal (in absolute value) for
both an increase and a decrease in the yield-to-maturity. However, as we saw in
Exhibit 1, the price—yield relationship is not a straight line but, rather, a curved
or “convex” line. In a later lesson, we will add a “convexity adjustment” to account
for this and improve the accuracy of price change estimations.

Approximate Modified Duration

While modified duration for a fixed-rate bond can be easily obtained if the Macaulay
duration is already known, an alternative approach is to approximate modified duration
by estimating the slope of the line tangent to the price—yield curve of a bond, as shown
in Exhibit 2. This approach is useful for bonds with unknown Macaulay duration,
owing to contingency features or default risk, which will be shown in later lessons.
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Exhibit 2: Approximating Modified Duration

Price Price-yield curve

A N ) Approximation for the
: line tangent to the
/ price-yield curve

0
pv l : : Line tangent to the
.................. Heyield curve

: Dvield Yield-to-maturity
DYield

The quoted full price of the bond is denoted PV|. To estimate the slope, the
yield-to-maturity is changed up and down by the same amount—the AYield—and is
used to calculate corresponding bond prices PV, and PV_. We can use these variables
to find the slope of the line tangent to the price—yield curve: the difference between
PV, and PV_ divided by twice the assumed change in the yield-to-maturity. To find
the slope in terms of percentage change in PV|;,, we further divide by PV. This is
shown as Equation 4.

@er)—(er)

AnnModDur = 2 x (dYield)x (P V)’ ?

This equation approximates annualized modified duration; the frequency of coupon
payments and the periodicity of the yield-to-maturity are included in the bond price
calculations. The following example illustrates the accuracy of this approximation.

EXAMPLE 2

Approximate Modified Duration for the BRWA Bond

Consider BRWA’s 3.2% semiannual coupon payment bond for settlement 15
October 2025, maturing 15 October 2030 and yielding 3.2%. The full price (PV)
is par or 100.00.

We can raise the annual yield-to-maturity by 5 bps, from 3.20% to 3.25%
(denoted r.), to obtain PV, of 99.771.

PMT PMT PMT FV
= 3 A oo F
PV A+r)t  A+r)2 77 AN A+
1.6 1.6 1.6 100
= 4 I
e (1+0.01625!  (1+0.016252 ™ (1+0.0162510 * (1 +0.01625)10
PV,.=99.771.

And we can lower the annual yield-to-maturity by 5 bps, from 3.20% to 3.15%
(denoted r_), to obtain PV_ of 100.230.

PMT PMT PMT £V

PV_ = a1 +r)! * (1+7r)? T +(1 +r,)N+ 1 +r)NV

1.6 1.6 1.6 4 100

= +
e (1+0.01575!  (1+0.01575)2 " (1+0.0157510 (1 +0.01575)10
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PV_=100.230.

We can substitute these results into Equation 4 for the 5 bp change in the annual
yield-to-maturity, or AYield = 0.0005:

tmModDur ~ —EF =@V
nnModDur = 35 Crtield) x (P Vg
AnnModDur ~ 100.230 — 99.771

2 x0.0005 x 100*

AnnModDur =~ 4.587.

The “exact” annual modified duration we calculated for this BRWA bond was
4.58675, and the “approximation” is 4.586765—virtually identical results.
Therefore, although duration can be calculated using the Macaulay duration
approach, it can also be estimated quite accurately.

The Macaulay duration also can be approximated by multiplying the approximate
modified duration by 1 plus the yield per period.

AnnMacDur = AnnModDur x (1 +r) (5)

QUESTION SET y

1. Suppose a 4%, semiannual coupon bond has an annualized Macau-
lay duration of 3.589. The anticipated percentage change in the bond’s full
price if the bond’s yield rises from 5% to 6% is closest to:

A. —3.485%.

B. -3.502%.

C. -3.589%.
Solution:

B is correct. The Macaulay duration in years is 3.589; therefore, the annual-
ized modified duration is 3.502%:

_ MacDur
ModDur = a+7

_ 3.589
ModDur = 75 025y

ModDur = 3.502.

This results in an estimated percentage change in price for a 100 bp increase
in yield of —3.502%:

%APVEUl =~ — AnnModDur x AAnnYield.
%APYFUll =~ 3 502 x 0.01.

%APVEUll =~ —3 5029,

2. True or false: Duration measures are used to measure the sensitivity of flat
bond prices to changes in yields.

A. True
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B. False
Solution:

B is correct. Duration measures are used to measure the sensitivity of full
prices to changes in yields. Also known as the dirty price of a bond, full
prices include the appropriate time value of each cash flow, whereas the flat
price does not include accrued interest.

3. Bond C has a coupon rate of 1%, paid semiannually, and matures in five
years. If its yield-to-maturity is —0.5%, its Macaulay duration is most likely:
A. less than its modified duration.
B. the same as its modified duration.

C. greater than its modified duration.
Solution:

A is correct. Recall that a bond’s modified duration is equal to its Macaulay
duration divided by 1 plus its yield-to-maturity:

MacDur

ModDur = atr)

If the yield, r, is negative, the denominator will be less than 1, which results
in a MacDur less than the modified duration.

4. Consider a zero-coupon bond that matures in five years and is priced to
yield 3%. The modified duration of this bond is:

A. less than five years.
B. five years.

(. more than five years.
Solution:

A is correct. The Macaulay duration of a zero-coupon bond is its
time-to-maturity, because a zero-coupon bond has a single cash flow with a
present value weight of 1.0. The modified duration of this zero-coupon bond
is less than its Macaulay duration because its yield is positive.

Questions 5-7 relate to the following information.

Deepak Chowdhury, a bond analyst, is evaluating the BRWA bond, the
1-year Australian government bond, and the 30-year Romanian government
bond. Assuming that all three bonds were issued on 15 October 2025 and it is
currently 15 January 2026, 92 days into the first coupon period, Chowdhury
has compiled the following data:

BRWA Australian Romanian
Coupon 3.200% 0.000% 4.625%
Coupon frequency 2 1 1
Yield-to-maturity 3.200% 1.000% 4.250%

Maturity 15 October 2030 15 October 2026 15 October 2055
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5. Complete the following table:

BRWA Australian Romanian

Full price (per 100 of par value)

Macaulay duration
Modified duration

Full price, assuming 5 bp YTM increase

Full price, assuming 5 bp YTM decrease

Approx. modified duration

Solution:
BRWA  Australian Romanian
Full price (per 100 of par value) 100.815 99.262 107.429
Annualized Macaulay duration 4.405 0.744 16.939
Annualized modified duration 4.335 0.737 16.248
Full price, assuming 5 bp YTM increase 100.596 99.225 106.561
Full price, assuming 5 bp YTM decrease 101.033 99.299 108.307
Approx. annualized modified duration 4.335 0.737 16.249

The calculations are shown in tabular form. Please refer to the candidate
learning ecosystem online for a spreadsheet. Note that while solutions are
rounded to three decimal places, other quantities are unrounded but shown
only to three decimal places for presentation purposes.

BRWA Bond: Full Price and Duration

YTM (periodic) 0.01600

Time to Time x
Period Receipt Cash Flow PV Weight Weight
1 0.489 1.600 1.588 0.016 0.008
2 1.489 1.600 1.563 0.016 0.023
3 2.489 1.600 1.538 0.015 0.038
4 3.489 1.600 1.514 0.015 0.052
5 4.489 1.600 1.490 0.015 0.066
6 5.489 1.600 1.466 0.015 0.080
7 6.489 1.600 1.443 0.014 0.093
8 7.489 1.600 1.421 0.014 0.106
9 8.489 1.600 1.398 0.014 0.118
10 9.489 101.600 87.394 0.867 8.226

100.815 1.000 8.809

Annualized Macaulay Duration 4.405
Modified Duration 8.670
Annualized Modified Duration 4.335
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BRWA Bond: Full price, assuming 5 bp YTM increase BRWA Bond: Full price, assuming 5 bp YTM decrease
YTM (periodic) 0.01625 YTM (periodic) 0.01575

Time to Time to
Period Receipt Cash Flow PV+ Period Receipt Cash Flow PV-
1 0.489 1.600 1.587 1 0.489 1.600 1.588
2 1.489 1.600 1.562 2 1.489 1.600 1.563
3 2.489 1.600 1.537 3 2.489 1.600 1.539
4 3.489 1.600 1.513 4 3.489 1.600 1.515
5 4.489 1.600 1.488 5 4.489 1.600 1.492
6 5.489 1.600 1.465 6 5.489 1.600 1.468
7 6.489 1.600 1.441 7 6.489 1.600 1.446
8 7.489 1.600 1.418 8 7.489 1.600 1.423
9 8.489 1.600 1.395 9 8.489 1.600 1.401
10 9.489 101.600 87.190 10 9.489 101.600 87.598

100.596 101.033

BRWA Bond: Approx. Ann. Modified Duration

PVO 100.815
PV+ 100.596
PV- 101.033
Approximate Ann. ModDur 4.335

Australian Bond: Full Price and Duration

YTM (periodic) 0.010

Time to Cash Time x
Period Receipt Flow PV Weight Weight

1 0.744 100.000 99.262 1.000 0.744

99.262 1.000 0.744

Annualized Macaulay 0.744

Duration
Modified Duration 0.737
Annualized Modified 0.737

Duration
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Australian Bond: Full price, assuming Australian Bond: Full price, assuming
5 bp YTM increase 5 bp YTM decrease
YTM (periodic) 0.0105 YTM (periodic) 0.0095
Time to Cash Time to Cash
Period Receipt Flow PV+ Period Receipt Flow PV-
1 0.744 100.000 99.225 1 0.744 100.000  99.299
99.225 99.299

Australian Bond: Approx. Ann. Modified Duration

PVO 99.262
PV+ 99.225
PV- 99.299
Approximate Ann. ModDur 0.737

Romanian Bond: Full Price and Duration

YTM (periodic) 0.0425
Time to Time x
Period Receipt Cash Flow PV Weight Weight
1 0.744 4.625 4.484 0.042 0.031
2 1.744 4.625 4.301 0.040 0.070
3 2.744 4.625 4.126 0.038 0.105
4 3.744 4.625 3.958 0.037 0.138
5 4.744 4.625 3.796 0.035 0.168
29 28.744 4.625 1.398 0.013 0.374
30 29.744 104.625 30.337 0.282 8.400
107.429 1.000 16.939
Annualized Macaulay 16.939
Duration

Modified Duration 16.248

Annualized Modified 16.248
Duration
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Romanian Bond: Full price, assuming Romanian Bond: Full price, assuming 5

5 bp YTM increase bp YTM decrease
YTM (periodic) 0.0430 YTM (periodic) 0.0420
Time
Timeto Cash to Cash

Period Receipt  Flow PV+ Period Receipt Flow PV-
1 0.744 4.625 4.482 1 0.744 4.625 4.485
2 1.744 4.625 4.297 2 1.744 4.625 4.305
3 2.744 4.625 4.120 3 2.744 4.625 4.131
4 3.744 4.625 3.950 4 3.744 4.625 3.965
5 4.744 4.625 3.788 5 4.744 4.625 3.805
29 28.744 4.625 1.379 29 28.744. 4.625 1.417
30 29.744  104.625 29.907 30 29.744  104.625 30.773

106.561 108.307

Romanian Bond: Approx. Ann. Modified Duration

PVO 107.429
PV+ 106.561
PV- 108.307
Approx. ModDur 16.249

6. Of these three bonds, identify which has the most and least interest rate
risk. Justify your answers.

Solution:

The Romanian bond has the most interest rate risk, reflected in the bond’s
Macaulay and modified durations, which are nearly four times that of the
BRWA bond.

The Australian bond has the least interest rate risk, because its Macaulay
and modified durations are less than a quarter of that of the BRWA bond.

7. Chowdhury’s portfolio manager expects interest rates to decrease from
current levels. Which of these three bonds would most likely perform best in
that environment, all else equal? Justify your answer.

Solution:

The Romanian bond would perform best. A decrease in interest rates would
increase bond prices, with those having the greatest interest rate risk or
duration having the highest increase.
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3

MONEY DURATION AND PRICE VALUE OF A BASIS
POINT

define, calculate, and interpret modified duration, money duration,
and the price value of a basis point (PVBP)

[

Modified duration is used to measure the percentage price change of a bond given
a change in its yield-to-maturity. A related statistic is money duration. The money
duration of a bond is a measure of the price change in currency units. The money
duration can be stated per 100 of par value or in terms of the actual position size. In
the United States, money duration is commonly called “dollar duration”

Money duration (MoneyDur) is the product of the annualized modified duration
and the full price (PVF#4) of the bond, in either percent of par or the currency value
of the position.

MoneyDur = AnnModDur x PVFul, (6)

The estimated change in the bond price in currency units is very similar to Equation
4. The difference is that for a given change in the annual yield-to-maturity (AYield),
modified duration estimates the percentage price change while money duration esti-
mates the change in currency units.

%APVFUl ~ —MoneyDur x AYield (7)

BRWA's five-year, 3.2% semiannual coupon bond, maturing 15 October 2030,
is priced to yield 3.2%. Assume it is purchased by an institutional investor for
settlement on 11 December 2025, so 57 days into the first coupon period (¢/T
= 57/180).

The full price of the bond is 100.504 per 100 of par value, and the annualized
modified duration is 4.43092. Suppose the investor has a position in the bond
for a par value of USD100,000,000. Consequently,

= the market value of the investment is USD100,503,921, and
= the money duration of the investment is USD445,324,719 (= 4.43092 x
USD100,503,921).

Therefore, if the yield-to-maturity rises by 100 bps—from 3.20% to 4.20%—the
expected loss is approximately USD4,453,247 (= —USD445,324,719 x 0.0100).

A similar measure is the price value of a basis point (PVBP), an estimate of the
change in the full price of a bond given a 1 bp change in its yield-to-maturity. The
PVBP can be calculated using a formula like that for approximating modified duration.
Equation 8 is the formula for the PVBP. PV_ and PV, are the full prices calculated by
decreasing and increasing the yield-to-maturity by 1 bp.

(PV)—(PV.

PVBP = % ®)
The PVBP is also called the “PV01,” standing for the “price value of an 01” or “present
value of an 01, where “01” means 1 bp. In the United States, it is commonly called
the “DV01” for the “dollar value” of 1 bp. The PVBP is particularly useful for bonds
for which future cash flows are uncertain, such as callable bonds. A related statistic
called a “basis point value” (BPV) is simply the money duration times 0.0001 (1 bp).
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For a numerical example of the PVBP calculation, again consider BRWA's five-
year, 3.2% semiannual coupon bond, maturing 15 October 2030 and priced to
yield 3.2%, purchased by the institutional investor for settlement on 11 December
2025, so 57 days into the first coupon period (¢/T = 57/180).

To determine the PVBP of this bond, calculate the new prices by increasing
and decreasing the yield-to-maturity. First, increase the yield by 1 bp (0.01%),
from 3.20% to 3.21%, to solve for a PV, of 100.459400.

1.60 101.60

PV = ldoieont T T 01605)10] <AL = 1A

Then, decrease the yield-to-maturity by 1 bp, from 3.20% to 3.19%, to solve
for a PV_ of 100.548465.

1.60 101.60

PV = [ ] x (1.01595)57/180 = 100.548465.

(1.01595)! " (1.01595)10
The PVBP is obtained by substituting these results into Equation 8.

100.548465 — 100.459400

PVBP = E

= 0.044532.

Exhibit 3 provides a summary of the various yield duration statistics. To recap,
they measure the instantaneous change in a bond’s price for a given change in its
own yield-to-maturity, assuming all other variables (especially, time-to-maturity) are
unchanged and the underlying cash flows are certain.

Exhibit 3: Summary of Yield-Based Duration Statistics

Measure Calculation Use
Macaulay Average time to receipt of prom- Holding period that would balance
duration ised cash flows, weighted by shares reinvestment and price risks for an

of the full price corresponding to investor
each promised future cash flow

Modified First derivative of price with Estimate the percentage price change

duration respect to yield; Macaulay duration for a bond given a change in its
divided by 1 + yield per period yield-to-maturity

Money Modified duration multiplied by Estimate price change in bond invest-

duration full price of bond or bond position ment for a given yield change

Price value  Difference in price of a 1 bp yield  Estimate of the change in the bond
of a basis decrease and a 1 bp yield increase, price given a 1 bp change in the
point divided by 2 yield-to-maturity

Yield Duration of Zero-Coupon and Perpetual Bonds

Because zero-coupon bonds have a single payment, the face value at maturity, the pres-
ent weighted-average time to receipt of cash flows is the same as the time-to-maturity
because that single cash flow has a present value weight of 1.0. Therefore, the Macaulay
duration of a zero-coupon bond is its time-to-maturity, and modified duration is its
time-to-maturity divided by 1 plus its yield.
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A perpetuity or perpetual bond is a bond that does not mature, so there is no face
or maturity value received at time T. The investor receives a fixed coupon payment
forever unless the bond is called. Non-callable perpetuities are rare, but they have an
interesting Macaulay duration:

MacDur = (1 + r)/r. &)

Duration of Floating-Rate Notes and Loans

As described in an earlier lesson, interest on floating-rate instruments varies depending
on the level of a market reference rate (MRR) plus a quoted margin. At predetermined
dates, payment amounts are reset to reflect changes in the MRR. Therefore, interest
rate risk arises only between reset dates, because at the next reset date, coupon pay-
ments will adjust to the new MRR. Therefore, the Macaulay duration for a floating-rate
note or bond is simply the fraction of a period remaining until the next reset date:

(T-9
MacDurpypuiing = 7 - (10)

If there are 180 days in the coupon period and 57 days have passed since the last
coupon, the Macaulay duration is

(180 —57)
MacDurpyoqing = — 139 = 0.683333.
Floating-rate instruments typically have very low duration because coupon periods
are typically less than six months in length. As a result, they are commonly used by
investors to reduce duration in fixed-income portfolios.

KNOWLEDGE CHECK [ j

An analyst is comparing the interest rate risk of the BRWA 3.2% bond
maturing 15 October 2030 to a floating-rate note (FRN) that also
matures 15 October 2030 and has its coupon reset semiannually.

At the last reset, 15 October 2027, the coupon rate of the FRN was 3.2%. The
BRWA bond was priced to yield 3.2% at that same date.

1. Why would you expect the FRN to have a lower duration than the BRWA
fixed-rate bond?

Solution:

A floating-rate instrument has a Macaulay duration that reflects the time to
the next coupon reset date, while a fixed-rate instrument has a Macaulay du-
ration that primarily reflects time-to-maturity but also its coupon rate, yield,
and fraction of the coupon period that has passed. The maximum Macaulay
duration the FRN would have is six months, while the BRWA bond has a
Macaulay duration slightly lower than its maturity (five years).

2. Complete the following table:

Macaulay duration

BRWA FRN

15-Oct-2027
15-Nov-2027
15-Dec-2027

15-Jan-2028
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Macaulay duration

BRWA FRN
15-Feb-2028
15-Mar-2028
15-Apr-2028
Solution:
Macaulay duration
BRWA FRN
15-Oct-2027 2.8843 0.0000
15-Nov-2027 2.8002 0.8306
15-Dec-2027 2.7169 0.6667
15-Jan-2028 2.6336 0.4973
15-Feb-2028 2.5502 0.3279
15-Mar-2028 2.4669 0.1694
15-Apr-2028 24221 0.0000

For example, for 15 December 2027, the number of days since the next cou-
pon is 61 days. The number of days in the coupon period is 183, calculated
using Microsoft Excel or Google Sheets as

= COUPDAYS(DATE(2027,12,15),DATE(2028,4,15),2,1).
Therefore, the Macaulay duration is (183 — 61)+183 = 0.6667.

QUESTION SET

issued on 15 October 2025.

Deepak Chowdhury is evaluating a USD30 million investment in par

value terms in the BRWA, Australian, and Romanian bonds. Assume
all bonds are denominated in the same currency and that all three bonds were

Chowdhury is evaluating the bonds on 15 January 2026, 92 days into the first
coupon period. Chowdhury has compiled the following data.

Characteristic BRWA Australian Romanian

Coupon 3.200% 0.000% 4.625%
Coupon frequency 2 1 1
Yield-to-maturity 3.200% 1.000% 4.250%
Maturity 15 October 2030 15 October 2026 15 October 2055
Full price 100.815 99.262 107.429
Ann. Macaulay duration 4.405 0.744 16.939
Ann. modified duration 4.335 0.737 16.248

As part of his analysis, Chowdhury is evaluating the potential change in the
prices of the bond investments for 1 bp and 100 bp changes in yields.
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1. Complete the following table:

Effect on a USD30 million
investment

BRWA Australian Romanian

Price value per basis point

Market value of investment (USD)

Money duration (percent of par)

Expected loss from a 100 bp YTM increase

(USD)
Solution:
Effect on a USD30 million investment
BRWA Australia Romania

Price value per basis point 0.044 0.007 0.175
Market value of investment (USD) 30,244,381 | 29,778,597 | 32,228,627
Money duration (percent of par) 437.054 73.163 1745.518
Expected loss from a 100 bp YTM -1,311,163 | —-219,490 -5,236,553
increase (USD)

The calculations are shown in tabular form. Please refer to the candidate
learning ecosystem online for a spreadsheet. Note that while solutions are
rounded to three decimal places, other quantities are unrounded but shown
only to three decimal places for presentation purposes.

BRWA Bond: Full price, assuming 1 bp YTM increase BRWA Bond: Full price, assuming 1 bp YTM decrease
YTM (periodic) 0.01605 YTM (periodic) 0.01595
Time to Time to
Period Receipt Cash Flow PV+ Period Receipt Cash Flow PV-
1 0.489 1.600 1.588 1 0.489 1.600 1.588
2 1.489 1.600 1.563 2 1.489 1.600 1.563
3 2.489 1.600 1.538 3 2.489 1.600 1.538
4 3.489 1.600 1.514 4 3.489 1.600 1.514
5 4.489 1.600 1.490 5 4.489 1.600 1.490
6 5.489 1.600 1.466 6 5.489 1.600 1.467
7 6.489 1.600 1.443 7 6.489 1.600 1.444
8 7.489 1.600 1.420 8 7.489 1.600 1.421
9 8.489 1.600 1.398 9 8.489 1.600 1.399
10 9.489 101.600 87.353 10 9.489 101.600 87.435
100.771 100.858
BRWA Bond
PV+ 100.771 Full price 100.815
PV- 100.858 Par 30,000,000
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BRWA Bond
PVBP 0.044 Market value 30,244,381
AnnModDur 4.335 MoneyDur 437.054
Full price 100.815 MV 30,244,381
MoneyDur 437.054 ChgyYield 0.01
Exp. Loss (1,311,163)
Australian Bond: Full price, assuming Australian Bond: Full price, assuming
1 bp YTM increase 1 bp YTM decrease
YTM (periodic) 0.0101 YTM (periodic) 0.0099
Time to Cash Timeto Cash
Period Receipt Flow PV+ Period Receipt Flow PV-
1 0.744 100.000  99.255 1 0.744  100.000  99.269
99.255 99.269
Australian Bond
PV+ 99.255 Full price 99.262
PV- 99.269 Par 30,000,000
PVBP 0.007 Market value 29,778,597
AnnModDur 0.737 MoneyDur 73.163
Full price 99.262 MV 29,778,597
MoneyDur 73.163 ChgYield 0.01
Exp. Loss (219,490)
Romanian Bond: Full price, assuming 1 bp YTM
Romanian Bond: Full price, assuming 1 bp YTM increase decrease
YTM (periodic) 0.0426 YTM 0.0424
(periodic)
Time to Time to
Period Receipt Cash Flow PV+ Period Receipt  Cash Flow PV-
1 0.744 4.625 4.484 1 0.744 4.625 4.484
2 1.744 4.625 4.300 2 1.744 4.625 4.302
3 2.744 4.625 4.125 3 2.744 4.625 4.127
4 3.744 4.625 3.956 4 3.744 4.625 3.959
5 4.744 4.625 3.794 5 4.744 4.625 3.798
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Time to Time to
Period Receipt Cash Flow PV+ Period Receipt  Cash Flow PV-
29 28.744 4.625 1.394 29 28.744 4.625 1.402
30 29.744 104.625 30.251 30 29.744 104.625 30.424
107.254 107.604

Romanian Bond

PV+ 107.254 Full price 107.429
PV- 107.604 Par 30,000,000
PVBP 0.175 MV 32,228,627
AnnModDur 16.248 MoneyDur 1745.518
Full price 107.429 MV 32,228,627
MoneyDur 1745.518 ChgyYield 0.01
Exp. Loss (5,236,553)

2. If the client believes that interest rates will rise in the future, with all else
held constant, which bond investment would most likely perform best?

Solution:

The Australian bond would perform best. Since it has the lowest duration
and PVBP, the expected loss on the investment from an increase in its yield
is lower than the BRWA and Romanian bonds. The expected loss from a 100
bp increase in yield on the BRWA bond, for example, is almost six times that
for the Australian bond (USD219,490 versus USD1.3 million).

4 PROPERTIES OF DURATION

explain how a bond’s maturity, coupon, and yield level affect its
interest rate risk

[

The Macaulay and modified yield duration statistics for a traditional fixed-rate bond
are primarily functions of the bond’s features: its time-to-maturity, its coupon rate,
its yield-to-maturity, and the fraction of the current coupon period that has elapsed.
The closed-form formula for Macaulay duration, presented in a prior lesson and again
here, is useful in demonstrating the characteristics of duration (the same characteristics
hold for modified duration, money duration, and price value of basis point).

_ 1+r_1+1"+[N><(C*}")] ot
MacDur = { 7 X[+ —1+r T

The relationship between a bond’s duration and its features (r, ¢, N, and t/T) are
summarized in Exhibit 4.
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Exhibit 4: Properties of Yield Duration Statistics

Effect on duration (interest rate risk) from an
increase in feature

Coupon rate, ¢ | (Inverse relationship)
Yield to maturity, r | (Inverse relationship)
Time-to-maturity, T 1 (Direct relationship)
Fraction of current coupon period that | (Inverse relationship)

has elapsed, ¢/T

Exhibit 5 illustrates the relationships between Macaulay duration and time-to-maturity
for premium, discount, zero-coupon, and perpetual bonds (the same characteristics
hold for modified duration, money duration, and price value of basis point).

Exhibit 5: Properties of Macaulay Duration
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All else being equal,

= a lower-coupon bond has a higher duration and more interest rate risk than
a higher-coupon bond.

The same pattern holds for the yield-to-maturity, so,

= a lower yield-to-maturity increases the weighted average of the time to receipt
of cash flow and thus increases duration.

The reason is that lower coupons and lower yields increase the weight of the
maturity value or final cash flow and reduce the weight of nearer-term cash flows in
the bond price.

= Longer times-to-maturity typically correspond to higher duration.

This pattern always holds for bonds trading at par or at a premium. In the
closed-form formula, the second expression within brackets is positive for premium and
par bonds, because the coupon rate (¢) is greater than or equal to the yield-to-maturity
(r), so (¢ — r) = 0, whereas the denominator is always positive. Therefore, the Macaulay
duration is always less than (1 + r)/r, and it approaches that threshold from below as
the time-to-maturity increases.

A curious result is illustrated in Exhibit 5 for discount bonds: at some point,
when the time-to-maturity is high enough, the Macaulay duration will exceed (1 +
r)/r, reach a maximum, and then decrease. This pattern develops when the number
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of periods (N) is large and the coupon rate is below the yield-to-maturity, so (c — r) <
0. Then, the numerator of the second expression within braces can become negative.
The implication is that for long-dated bonds trading at a discount to par, interest rate
risk could be lower than that of a shorter-term bond.

For a constant yield-to-maturity (r), the expression in braces in the closed-form
formula is unchanged as time passes during the period. Therefore, the Macaulay
duration decreases smoothly as time passes and then jumps upward after the coupon
is paid, which creates a “saw-tooth” pattern. This pattern for the BRWA bond with
a constant yield-to-maturity is illustrated in Exhibit 6. As time passes, the Macaulay
duration decreases smoothly but jumps upward by a small amount on coupon dates.

Exhibit 6: Macaulay Duration between Coupon Payments with Constant

Yield-to-Maturity for the BRWA 3.2% Bond
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QUESTION SET [ y

1. For each pair of bonds, indicate the bond that most likely has great-
er interest rate risk:

Which has greater
First bond Second bond interest rate risk?

5% coupon, paid semiannu-
ally, and five years to matu-
rity, priced to yield 6%

4% coupon, paid semiannu-
ally, and six years to matu-

4% coupon, paid semiannu- rity, priced to yield 6%

ally, and five years to matu-
rity, priced to yield 6% 5% coupon, paid semiannu-
ally, and five years to matu-
rity, priced to yield 8%

4% coupon, paid semiannu-
ally, and five years to matu-
rity, priced to yield 4%

Solution:
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Which has greater

First bond Second bond interest rate risk?

5% coupon, paid semiannu-
ally, and five years to matu- First bond
rity, priced to yield 6%

4% coupon, paid semiannu-
ally, and six years to matu- Second bond

4% coupon, paid semiannu- rity, priced to yield 6%

ally, and five years to matu- - -
rity, priced to yield 6% 5% coupon, paid semiannu-
ally, and five years to matu- First bond
rity, priced to yield 8%

4% coupon, paid semiannu-
ally, and five years to matu- First bond

rity, priced to yield 4%

2. A bond analyst is comparing Bond D, a perpetual bond with a coupon of 5%,

with Bond E, a zero-coupon bond maturing in five years. If both bonds are
priced to yield 6%, Bond D has:

A. lower interest rate risk.

B. the same interest rate risk.

(. higher interest rate risk.
Solution:

C is correct. The Macaulay duration for Bond D is 1.06/0.06 = 17.667. The
Macaulay duration for Bond E is five years. The perpetual bond, Bond D, has
higher interest rate risk.

3.

Price

The graph depicts the price—yield relationships for three bonds, Bond X,
Bond Y, and Bond Z. The three bonds have the same coupon rate, 5%.

200
180
160
140
120
100
80
60
40
20

0
1.0% 2.0% 3.0% 4.0% 5.0% 6.0% 7.0% 8.0% 9.0% 10.0%
Yield-to-maturity

----- BondX — —BondZ —BondY|

Which of the three bonds most likely has the longest time to maturity?

A. Bond X
B. BondY
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C. Bond Z

Solution:

B is correct. Bond Y has the steepest price-yield line, indicating that
it has the greatest modified duration and, most likely, the longest
time-to-maturity.

4. Between coupon payments, if the yield-to-maturity does not change, the
Macaulay duration of a bond:
A. decreases throughout the coupon period.
B. is constant throughout the coupon period.

C. increases throughout the coupon period.
Solution:

A is correct. During the coupon period, the Macaulay duration declines
smoothly until the next coupon period, at which time it jumps. This is illus-
trated in Exhibit 6.

5. Two bonds have the same time-to-maturity and yield-to-maturity, but one
is trading at a premium to par and the other at a discount. The Macaulay
duration for the premium bond is most likely that of the discount
bond.

A. lower than

B. the same as

(. higher than
Solution:
A is correct. If two bonds have the same maturity and the same yield-to-ma-
turity but one trades at a premium and one trades at a discount to par, the
premium bond must have a higher coupon rate. Therefore, the premium
bond has the lower Macaulay duration.
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PRACTICE PROBLEMS

1. True or false: Curve duration is a type of yield duration.

A. True

B. False

The following information relates to questions
2-7
A portfolio manager is assessing the interest rate risk of three bonds as she con-

siders making an investment of USD50 million. All three bonds are issued on 1
June 2026 and mature on 1 June 2030, and they have the following characteristics:

Characteristic Bond One Bond Two Bond Three
Coupon (semiannual) 7% 3% 5%
Yield-to-maturity 3% 7% 5%

2. The Macaulay duration, in years, for Bond One is closest to:

A. 3.54.
B. 3.59.
¢ 3.78.

3. The modified duration for Bond Two is closest to:

A. 3.59.
B. 3.65.
¢ 378

4. Relative to a five-year zero-coupon bond priced to yield 5%, Bond Three has a
modified duration that is best described as:

A. lower than the zero-coupon bond’s modified duration.
B. the same as the zero-coupon bond’s modified duration.

(. greater than the zero-coupon bond’s modified duration.

5. If the yields-to-maturity for all three bonds were to increase by 100 bps, which
bond has the greatest anticipated decrease in price?

A. Bond One
B. Bond Two

C. Bond Three

289




© CFA Institute. For candidate use only. Not for distribution.
290 Learning Module 11 Yield-Based Bond Duration Measures and Properties

6. Which bond has the highest price value of a basis point?
A. Bond One

B. Bond Two

C. Bond Three

7. The portfolio manager is interested in comparing the interest rate risk of Bond
Three to that of Bond Four, a floating-rate note that resets every six months. On
1 June 2026, both bonds were priced to yield 5%. If the yield changes from 5%
to 5.25% halfway through the first coupon period, which bond has the greater
Macaulay duration?

A. Bond Three
B. Bond Four

C. Neither: The Macaulay duration is the same for both bonds.
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SOLUTIONS

1. Bis correct. The Macaulay, modified, and money duration measures, as well as
the price value of a basis point, are all types of yield duration. The curve duration
is not classified as a type of yield duration.

2. Bis correct.

Time to Cash Time to receipt
Period receipt flow Present value Weight x weight
1 1.0000 3.5 3.44828 0.02999 0.02999
2 2.0000 3.5 3.39732 0.02955 0.05910
3 3.0000 3.5 3.34711 0.02911 0.08734
4 4.0000 3.5 3.29764 0.02868 0.11473
5 5.0000 35 3.24891 0.02826 0.14129
6 6.0000 35 3.20090 0.02784 0.16704
7 7.0000 3.5 3.15359 0.02743 0.19200
8 8.0000 103.5 91.87810 0.79914 6.39308
114.97185 1.00000 7.18458
Annualized Macaulay duration 3.59229

3. Bis correct.

Time to Cash Time to receipt x
Period receipt flow Present value Weight weight
1 1.0000 1.5 1.44928 0.01680 0.01680
2 2.0000 1.5 1.40027 0.01623 0.03247
3 3.0000 1.5 1.35291 0.01569 0.04706
4 4.0000 1.5 1.30716 0.01516 0.06062
5 5.0000 1.5 1.26296 0.01464 0.07321
6 6.0000 1.5 1.22025 0.01415 0.08488
7 7.0000 1.5 1.17899 0.01367 0.09568
8 8.0000 101.5 77.08027 0.89366 7.14930
86.25209 1.00000 7.56003
Annualized Macaulay duration 3.780016
Modified duration 3.652190

4. Ais correct. No calculation is necessary, as we know that a five-year zero-coupon
bond has a Macaulay duration of 5, which is greater than that of a coupon bond
like Bond three. Since they have the same yields, the bond’s modified durations
will have the same relationship as their Macaulay duration.

Alternatively, we can calculate Bond Three’s modified duration of 3.585:




© CFA Institute. For candidate use only. Not for distribution.

292 Learning Module 11 Yield-Based Bond Duration Measures and Properties
Time to Cash Time to receipt
Period receipt flow Present value Weight x weight
1 1.0000 2.5 2.43902 0.02439 0.02439
2 2.0000 2.5 2.37954 0.02380 0.04759
3 3.0000 2.5 2.32150 0.02321 0.06964
4 4.0000 2.5 2.26488 0.02265 0.09060
5 5.0000 2.5 2.20964 0.02210 0.11048
6 6.0000 2.5 2.15574 0.02156 0.12934
7 7.0000 2.5 2.10316 0.02103 0.14722
8 8.0000 102.5 84.12652 0.84127 6.73012
100.00000 1.00000 7.34939
Annualized Macaulay duration 3.6747
Modified duration 3.5851

The zero-coupon’s modified duration is 5/(1 + 0.05) = 4.7619.

5. Bis correct.

Bond One Bond Two Bond Three

Full price (percent of par) 114.972 86.252 100.000
Modified duration 3.539 3.652 3.585
Investment (in USD millions) 50 50 50
Money duration 176.960 182.609 179.253
Change in value (in USD millions) -1.770 -1.826 -1.793
6. A is correct.

Bond One Bond Two Bond Three
Price 114.972 86.252 100.000
Price + 1 bp 114.931 86.221 99.964
Price — 1 bp 115.013 86.284 100.036
PVBP 0.04069 0.03150 0.03585

7. Ais correct. The Macaulay duration for Bond Three is 3.6747. The Macaulay
duration for Bond Four is 0.5 because there is exposure to interest rate changes
for one-half of the coupon period.
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LEARNING MODULE

12

Yield-Based Bond Convexity
and Portfolio Properties

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] calculate and interpret convexity and describe the convexity
adjustment
] calculate the percentage price change of a bond for a specified

change in yield, given the bond’s duration and convexity

] calculate portfolio duration and convexity and explain the limitations
of these measures

INTRODUCTION

While duration is a linear approximation of the sensitivity of a bond’s price to changes
in yield, the true relationship between a bond’s price and its yield-to-maturity is a
curved (convex) line. We introduce convexity as a complementary risk measure to
improve bond price change estimates based on modified duration alone to account
for this non-linear relationship. The convexity adjustment becomes more important
when considering larger moves in yield-to-maturity and longer-maturity bonds. These
lessons will also show how to estimate duration and convexity for a portfolio of bonds,
as well as highlight limitations due to underlying assumptions.

LEARNING MODULE OVERVIEW @

= Convexity is a complementary risk metric that measures the
second-order (non-linear) effect of yield changes on price for
an option-free fixed-rate bond. The convexity adjustment adds to the
linear price estimate provided by modified duration.

= Convexity is always positive for an option-free fixed-rate bond, such
that estimated price increases from a decline in yields are higher than
duration alone would suggest and estimated price decreases from
an increase in yields are lower than duration alone would suggest.
Therefore, convexity is valuable to investors.
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Convexity has the same relationship with bond features as duration: a
fixed-rate bond will have greater convexity the longer its time-to-ma-
turity, the lower its coupon rate, and the lower its yield-to-maturity.
Money convexity expresses convexity in terms of currency units or
percent of par for a position in a bond because it is the product of a
bond’s annual convexity and its full price.

Portfolio duration and convexity can be calculated (1) as the weighted
average of time to receipt of the aggregate cash flows or (2) by using
the weighted averages of the durations and convexities of the individ-
ual bonds that make up the portfolio.
While the first method is theoretically correct, it is difficult to use in
practice. The second method is commonly used by portfolio managers
but implicitly assumes parallel shifts in the yield curve, which are rare.
LEARNING MODULE SELF-ASSESSMENT y
These initial questions are intended to help you gauge your current level
of understanding of the learning module.
1. The annualized convexity of a four-year, 2.8% (semiannual) coupon bond
priced at par at issuance on 1 August 2035 and maturing on 1 August 2039
is closest to:
A. 7.624.
B. 16.413.
C 65.651.
Solution:
B is correct.
Four-Year, 2.8% Semiannual Bond at Issuance
Fixed Coupon (%) 2.80
Periods p.a. 2
Price (per 100 Par Value) 100
Yield-to-Maturity (%) 2.8000
(7)=Col.2 x (Col. 2 + 1) x
(1) (2) (3) (4) (5) (6) =(2) x (5) Col. 5 x (1 +YTM/2)2
Time to Cash Present Time to Receipt
Period Receipt Flow Value Weight x Weight Convexity of Cash Flows
1 1.0 1.4 1.380671 0.01381 0.01381 0.02686
2 2.0 1.4 1.361608 0.01362 0.02723 0.07946
3 3.0 1.4 1.342809 0.01343 0.04028 0.15672
4 4.0 1.4 1.324269 0.01324 0.05297 0.25759
5 5.0 1.4 1.305985 0.01306 0.06530 0.38105
6 6.0 1.4 1.287954 0.01288 0.07728 0.52611
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(7)=Col.2x (Col.2 + 1) x

(1) (2) (3) (4) (5) (6) = (2) % (5) Col. 5 x (1 + YTM/2)~2
Time to Cash Present Time to Receipt
Period Receipt Flow Value Weight x Weight Convexity of Cash Flows
7 7.0 1.4 1.270171 0.01270 0.08891 0.69179
8 8.0 101.4 90.726533  0.90727 7.25812 63.53176
100.0000  1.00000 7.62391 65.65133
Annualized Macaulay Duration and Convexity 3.81195 16.41283

Annualized convexity is 16.41283 and results from the sum of Column 7
(65.65133) divided by the square of the periods per year (two periods per
year: 22 = 4).

2. Identify which of the following statements is true. The convexity adjustment:

A. is always negative for an option-free fixed-rate bond.
B. accounts for the first-order effect of yield changes on a bond.

C. is added to the bond price change estimate provided by modified
duration.
Solution:

C is correct. The convexity adjustment is added to the price change estimate
provided by modified duration for a given change in yield-to-maturity:

%AP VUL = (— AnnModDur x AYield )+ [% x AnnConvexity x (AYield)z].

A is incorrect because convexity is always positive for an option-free fixed-
rate bond.

B is incorrect because convexity accounts for the second-order effect of
yield changes on a bond’s price and duration accounts for the first-order
effect.

Questions 3 and 4 relate to the following information.

An investor holds a GBP50,000,000 position in a 10-year, 3.50% fixed-cou-
pon bond (semiannual) trading at par value. Annualized modified duration is
8.376, and annualized convexity is 81.701. The investor expects interest rates
to decline by 100 bps.

3. The expected percentage change in the price of the bond is closest to:

A. 7.97%.

B. 8.01%.

C. 8.78%.
Solution:

C is correct. The expected price change is calculated as follows:

%AP VFull ~ (— AnnModDur x AYield) + B x AnnConvexity x (4 Yield)z].

%APVFull = (-8.376 x ~0.01) + |4 x 81.701 x (~0.01)?].

%APVEUll =~ 0.0878 = 8.78%
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4. The addition of money convexity to the estimated change in the value of the
bond position using money duration alone is closest to:

A. GBP204,252.
B. GBP408,503.

(. GBP4,188,220.
Solution:

A is correct. This question is asking for the money convexity adjustment.
First we calculate money convexity:

MoneyCon = AnnConvexity x PyFul,
MoneyCon = 81.701 x GBP50,000,000.

MoneyCon = GBP4,085,033,604.

Then we calculate the money convexity adjustment:

u

MoneyConv . Adjustment [% x MoneyConvexity x (4 Yield)z].

u

MoneyConv . Adjustment [% x GBP4,085,033,604 x (*0.01)2].

MoneyConv.Adjustment ~ GBP204,252.

5. A EUR100 million bond portfolio contains the following bonds:

Annualized
Maturity Modified Annualized
Bond (yrs.) YTM (%) Market Value Duration Convexity
A 3 2.80% EUR40,000,000 2.858 9.752
B 10 3.50% EUR60,000,000 8.376 81.701

The expected percentage price change of the bond portfolio given a 50 bp
increase in yield-to-maturity is closest to:

A. -3.018%.

B. -3.085%.

¢ -3.151%.
Solution:

A is correct. The weights of Bond A and Bond B are 40% and 60%, respec-
tively. As a result, the portfolio weighted-average duration and convexity
measures are 6.169 and 52.921, respectively. The expected portfolio percent-
age price change given a 50 bp increase in YTM is calculated as follows:

%AP VFull ~ (— AnnModDur x AYield) + B x AnnConvexity * (A Yield)z].

%P VFull = (=6.169 x 0.005) + [ x 52.921 x (0.009)2].

%APVEUl ~ 3 018%
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6. Using weighted-average duration and convexity measures to estimate bond
portfolio interest rate risk:

A. is difficult in practice.
B. is the theoretically correct approach.

(. assumes a parallel shift in the yield curve.
Solution:

Cis correct. Using the weighted-average duration and convexity measures
to estimate bond portfolio interest rate risk is easy in practice, but it is not
the theoretically correct approach (using the weighted average of time to
receipt of the aggregate cash flows is theoretically correct). It does, however,
implicitly assume a parallel shift in the yield curve.

BOND CONVEXITY AND CONVEXITY ADJUSTMENT

] calculate and interpret convexity and describe the convexity
adjustment

Interest rate risk, or the sensitivity of a bond’s price to changes in yield, is an import-
ant concept used to analyze fixed-income exposures. As a key risk metric, modified
duration measures the first-order (linear) effect on a bond’s price change given a
yield-to-maturity change. Convexity is a complementary risk metric that measures
the second-order (non-linear) effect of yield changes on price for an option-free
fixed-rate bond, as shown in Exhibit 1.

Exhibit 1: Convexity of an Option-Free Fixed-Rate Bond

Convex price-yield curve

Price Estimated change due to convexity

Estimated change due to duration

Line tangent to
the price-yield curve

Yield-to-maturity

The true relationship between a bond’s price and its yield-to-maturity is the curved
(convex) line that shows the actual bond price given its market discount rate. Duration
(i.e., money duration) estimates the change in the bond price along the straight line
tangent to the curved line. For small yield-to-maturity changes, there is little differ-
ence between the lines.
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However, for larger yield changes, the difference becomes significant and duration
alone is an insufficient risk measure. In such cases, a proper assessment requires
capturing the non-linear price effect of convexity. By considering duration and con-
vexity metrics together for relatively large yield changes, the estimated bond prices
are substantially closer to the actual bond prices. That is, when including convexity,
bond prices rise more when yields decrease and fall less when yields increase than
when estimated using duration alone.

As shown in Equation 1, convexity adds to the estimate of the percentage (full)
price change provided when using modified duration by itself, which was used in
prior lessons.

%AP VEUll ~ (— AnnModDur x AYield)+ [% x AnnConvexity x (AYield)z]. (D)

The first expression in parentheses is the effect from modified duration. The expression
in brackets is the convexity adjustment: the annual convexity statistic, AunConvexity,
times one-half times the change in the yield-to-maturity squared. This term is always
positive for an option-free fixed-rate bond, so, as noted, the bond price is higher for
either an increase or decrease in yield (see Exhibit 1).

Similar to Macaulay and modified durations, AnnConvexity can be calculated in
several ways: (1) using a Microsoft Excel spreadsheet, (2) using an approximation
method, and (3) using a closed-form equation derived from calculus. We will now
demonstrate methods 1 and 2.

Consider once again BRWA’s five-year, 3.2% (semiannual) coupon bond priced at
par for settlement on 15 October 2025 and maturity on 15 October 2030. Exhibit 2 is
an interactive spreadsheet that shows the calculation of AnnConvexity for this bond;
notice that it is very similar to the one used to calculate duration. The difference is
the inclusion of a new column (Col. 7) for the following operation (where CF means
cash flow) to calculate convexity:

(Time to receipt of CF) x (Time to receipt of CF + 1) x (Weight of CF) x (1 +
Periodic YTM)(—Perlods per year)

Note that the intermediate result of multiplying the first two terms introduces
non-linearity (Time to receipt of CF2). Dividing the sum of Column 7 (96.95578) by
periods per year squared (22=4) results in an annualized convexity (AnnConvexity)
statistic of 24.2389.

Exhibit 2: Convexity Calculation for an Option-Free Fixed-Rate Bond

BRWA Corporation Five-Year, 3.2% Semiannual Bond at

Issuance
Principal $300,000,000
Fixed Coupon (%) 3.20
Periods p.a. 2
Price (per 100 Par Value) 100

Yield-to-Maturity (%) 3.20
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Col. 6 =Col. 2 x Col.7=Col.2 x (Col. 2 + 1) x

Col. 1 Col. 2 Col. 3 Col. 4 Col.5 Col. 5 Col. 5 x (1 +YTM/2)2
Time to Cash Present Time to Receipt x

Period Receipt Flow Value Weight Weight Convexity of Cash Flows

1 1.0 1.6 1.5748 0.0157 0.0157 0.0305

2 2.0 1.6 1.5500 0.0155 0.0310 0.0901

3 3.0 1.6 1.5256 0.0153 0.0458 0.1774

4 4.0 1.6 1.5016 0.0150 0.0601 0.2909

5 5.0 1.6 1.4779 0.0148 0.0739 0.4295

6 6.0 1.6 1.4546 0.0145 0.0873 0.5919

7 7.0 1.6 1.4317 0.0143 0.1002 0.7767

8 8.0 1.6 1.4092 0.0141 0.1127 0.9829

9 9.0 1.6 1.3870 0.0139 0.1248 1.2093

10 10.0 101.6 86.6875 0.8669 8.6688 92.3766
100.0000 1.0000 9.3203 96.9558

Annualized Macaulay Duration and Convexity 4.6601 24.2389

Exhibit 2 can also be viewed as a spreadsheet on the candidate learning ecosystem
online.

Alternatively, Equation 2 can be used to approximate annualized convexity
(ApproxCon). This approach is useful for bonds with uncertain cash flows, such as
those with contingency features and default risk, which will be explored in later lessons.
Note that this equation uses the same inputs as approximating modified duration.

(PVO+(PVy)~ 2% (PVy)]
(AYield)? x (P V) ' 2)

ApproxCon =

For BRWA’s bond, first raise the annual yield-to-maturity by 5 bps, from 3.20% to
3.25%, and determine PV, . Next, lower it by 5 bps, to 3.15%, and determine PV_. These
are the new full prices (original price is PV{; = 100.00). Using Excel’s PRICE function,

PRICE(settlement, maturity, rate, yield, redemption, frequency, [basis]),

we have the following:
PV, =PRICE(DATE(2025,10,15),DATE(2030,10,15),0.032,0.0325,100,2,0)
=99.770965.

PV_=PRICE(DATE(2025,10,15),DATE(2030,10,15),0.032,0.0315,100,2,0)
=100.229641.
Applying Equation 2, ApproxCon is estimated to be 24.23896, which is a very close
approximation to the bond’s AnnConvexity of 24.23895 we calculated in Exhibit 2.

_ 100.229641 + 99.770965 — (2 x 100.00) _
ApproxCon = (©.0005)2 x 100.00 24.23896.

Bond features that lead to greater convexity are the same as for duration. A fixed-rate
bond will have greater convexity:

= the Jonger its time-to-maturity,
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= the Jower its coupon rate, and

= the Jower its yield-to-maturity.

Another factor is the dispersion of cash flows, meaning the degree to which pay-
ments are spread out over time. For two bonds with the same duration, the one with
the greater dispersion of cash flows has greater convexity. The positive attributes of
convexity for an investor are shown in Exhibit 3.

Exhibit 3: Positive Attributes of Bond Convexity on an Option-Free Bond

Price

More convex bond

/

\ Less convex bond

Line tangent to the /

price-yield curve

A
v

Yield-to-maturity

The two bonds depicted in Exhibit 3 are assumed to have the same price, maturity,
yield-to-maturity, and modified duration, so they share the same line tangent to
their price—yield curves. The benefit of greater convexity arises when their yields
change significantly. For the same decrease in yield-to-maturity, the more convex
bond appreciates more in price, while for the same increase in yield-to-maturity, the
more convex bond depreciates less in price. Consequently, the more convex bond
outperforms the less convex bond in both falling and rising yield environments, so it
is less risky for investors.

This conclusion assumes the difference in convexity is not reflected in the price of
the more convex bond. If it is priced in, the more convex bond would have a higher
price (and lower yield-to-maturity). The key point is that convexity is valuable to
investors for risk reduction, so they must pay for it.

EXAMPLE 1

Duration and Convexity of 30-Year Romanian Bond
A 30-year bond issued by the government of Romania has a coupon rate of

4.625% (paid annually) and currently trades at a yield-to-maturity of 4.75% on
15 October 2025, with a maturity date of 15 October 2055.

1. Use Excel’s PRICE function to calculate ApproxModDur and
ApproxCon using a 5 bp increase and decrease in yield-to-maturity.
2. Compare and interpret the duration and convexity measures of the
30-year Romanian bond and BRWA'’s 5-year bond.
To find ApproxModDur and ApproxCon, we must first calculate PV|; and
then, using a 5 bp increase and decrease in YTM, calculate PV, and PV_:

PV, = PRICE(DATE(2025,10,15),DATE(2055,10,15),0.04625,0.0475,100,1,0)
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= 98.022448.

PV, = PRICE(DATE(2025,10,15),DATE(2055,10,15),0.04625,0.0480,100,1,0)
= 97.247386.

PV_=PRICE(DATE(2025,10,15),DATE(2055,10,15),0.04625,0.0470,100,1,0)
= 98.806567.

_ 98.806567 —97.247386 _
ApproxModDur = 3 % (0.0003) % 98.020448 — 15.90637.

_ 98.806567 +97.247386 — (2 x 98.022448) _
ApproxCon = (0.0005)2 x 98.022448 369.58881.

Duration and Convexity Comparison: Romanian and BRWA Bonds

Maturity Approx-
Bond (Years) Coupon (%) YTM (%) ModDur ApproxCon
Romanian 30 4.625 4.75 15.90637 369.64203
Annual Pay
BRWA 5 3.20 3.20 4.58676 24.23896

Semi-Annual

The duration and convexity of the Romanian bond are significantly higher
than BRWA’s bond primarily due to its much longer time-to-maturity (30 years
versus 5 years), which outweighs the Romanian bond’s higher coupon rate and
YTM, features that decrease duration and convexity.

QUESTION SET y

Questions 1-5 relate to the following information.

Issuance Annual Pay
Bond Date Maturity Coupon (%) YTM (%)
Bond X 7/15/25 7/15/34 2.25 2.25
Bond Y 7/15/25 7/15/35 5.33 2.34

1. Calculate the modified duration and convexity for Bond X at issuance.

Solution:
Bond X
Fixed Coupon (%) 2.25
Periods p.a. 1
Price (per 100 Par Value) 100

Yield-to-Maturity (%) 2.25
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| |
Col.6 =Col. 2 x Col.7=Col.2x (Col.2+ 1)
Col.1 Col. 2 Col.3 Col. 4 Col.5 Col.5 x Col. 5 x (1 +YTM)~!
Period ;ieT:i::: :Iaos ‘:1, Present Value Weight Time‘il:\tl)e:%;;:ipt % Convexity of Cash Flows
1 1.0 2.25 2.200489 0.02200 0.02200 0.04304
2 2.0 2.25 2.152067 0.02152 0.04304 0.12628
3 3.0 2.25 2.104711 0.02105 0.06314 0.24701
4 4.0 2.25 2.058398 0.02058 0.08234 0.40262
5 5.0 2.25 2.013103 0.02013 0.10066 0.59064
6 6.0 2.25 1.968805 0.01969 0.11813 0.80870
7 7.0 2.25 1.925481 0.01925 0.13478 1.05454
8 8.0 2.25 1.883111 0.01883 0.15065 1.32601
9 9.0 102.25 83.693835 0.83694 7.53245 73.66694
100.0000 1.00000 8.24718 78.26579
Annualized Macaulay Duration and Convexity 8.24718 78.26579
Modified Duration 8.06571 —

2. Calculate ApproxModDur and ApproxCon for Bond Y using a 5 bp increase

and decrease in the yield-to-maturity.
Solution:
To find ApproxModDur and ApproxCon for Bond Y, we must first calculate
PVy, PV, and PV_.
PV, =PRICE(DATE(2025,7,15),DATE(2035,7,15),0.0533,0.0234,100,1,0)
=126.386358.

PV+ =PRICE(DATE(2025,7,15),DATE(2035,7,15),0.0533,0.0239,100,1,0)
= 125.877943.

PV_= PRICE(DATE(2025,7,15),DATE(2035,7,15),0.0533,0.0229,100,1,0)
= 126.897325.

 126.897325 — 125.877943
ApproxModDur = 5776005y  126.386358 ~ 506560

126.897325 + 125.877943 — (2 x 126.386358)
(0.0005)2 x 126.386358

ApproxCon = = 80.76704.

. Compare and interpret the risk measures from Questions 1 and 2 relative to

a small anticipated change in yield-to-maturity.
Solution:

For a small change in YTM, modified duration is a reasonable estimate of
the price change risk of a bond. Since the modified duration (or Approx-
ModDur) values of Bond X and Bond Y are virtually identical (8.06571 and
8.06560, respectively), the estimated price change based on a small change

in YTM (either positive or negative) would be nearly identical for each bond.
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4. Compare and interpret the risk measures from Questions 1 and 2 relative to
a large anticipated change in yield-to-maturity.

Solution:

For a large change in YTM, duration alone does not capture the expected
price change of a bond. The convexity adjustment accounts for the non-lin-
ear nature of the relationship of price to YTM. Since both bonds have vir-
tually the same duration, the higher convexity of Bond Y should result in a
smaller percentage drop given a large increase in YTM and a larger percent-
age increase given a large decrease in YT M. In either case, Bond Y should
perform better than Bond X for a large change in YTM.

5. Compare and interpret each of the following features for its effect on the
convexity of Bond X versus Bond Y:

a. Maturity
b. Coupon rate

c. YTM
Solution:

a. Bond Y has a longer maturity than Bond X (10 years versus 9 years),

which would increase Bond Y’s convexity relative to Bond X.

b. Bond X has a lower coupon rate compared to Bond Y (2.25% versus

5.33%), which would increase Bond X’s convexity relative to Bond Y.

c. Bond X has a lower YTM compared to Bond Y (2.25% versus 2.34%),
which would increase Bond X’s convexity relative to Bond Y.

BOND RISK AND RETURN USING DURATION AND
CONVEXITY

] calculate the percentage price change of a bond for a specified
change in yield, given the bond’s duration and convexity

We now show how to estimate the percentage price change of a bond for a specified
yield change, given the bond’s duration and convexity. As we will show, such an esti-
mate is substantially closer to the bond’s actual price change than if estimated using
duration alone, allowing for more efficient risk management.

Continuing with our focus on BRWA'’s five-year, 3.2% (semiannual) coupon bond
priced at par for settlement on 15 October 2025 and maturity on 15 October 2030, if
its yield-to-maturity changes by +100 bps from 3.20%, then the actual prices, using
Excel’s PRICE function, would be as follows:

PV, = PRICE(DATE(2025,10,15),DATE(2030,10,15),0.032,0.0420,100,2,0)
=95.53212.

PV_=PRICE(DATE(2025,10,15),DATE(2030,10,15),0.032,0.0220,100,2,0)
=104.71035.
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So, the actual price—yield relationship for this bond is as follows:

= 100 bp increase in yield (4.20%): Price = 95.53212; %BAPVIUL = _4.46788%.
= 100 bp decrease in yield (2.20%): Price = 104.71035; %APV*“Il = 4.71035%.

The modified duration for this bond was previously found to be 4.58676, so a 100 bp
increase (decrease) in yield-to-maturity results in %APVF#! ~ —4.58676% (4.58676%).

We now show the enhanced precision and risk reduction achieved by adding the
convexity adjustment to the duration estimate when determining the BRWA bond’s
percentage price changes. Using Equation 1 and the AnnConvexity metric, for +100
bp changes in yield-to-maturity (from 3.20%), we have the following:

%APVFUl = (—4.58676 x 0.0100) + [% x 24.23895 x (0.0100)2] = —4.46556%.

%APVFUl = (~4.58676 x —0.0100) + [V x 24.23895 x (~0.0100)2] = 4.70795%.

Exhibit 4 compares the estimated percentage changes in BRWA’s bond prices for +100
bp changes in yield using duration alone and using duration plus convexity against
the exact changes from Excel’s PRICE function. It is clear that enhanced precision is
achieved by adding the convexity adjustment, because the percentage price difference
is less than % of a basis point by adding convexity versus about 12 bps with duration
alone. Note that this difference would be substantially greater for larger changes in
yield or for longer-maturity or lower-coupon bonds.

Exhibit 4: Using Duration and Convexity to Estimate Bond Price Changes

Estimated
Estimated %APVFull
%APVFUll  Difference Using Difference
Changein Actual Using from Actual ModDur + from Actual
Bond Yield %APVFull ModDur Change Convexity Change
+ 100 bps -4.46788 -4.58676 —-0.11887 —4.46556 0.00232
— 100 bps 4.71035 4.58676 -0.12359 4.70795 -0.00239

Recall that money duration indicates the first-order effect on the full price of a bond
in currency units given a change in yield-to-maturity. Money convexity (MoneyCon)
captures the second-order effect in currency terms and is the annual convexity mul-
tiplied by the full price, as in Equation 3.

MoneyCon = AnnConvexity x PVFul, 3)

Similar to estimating the percentage change in a bond’s full price, MoneyDur and
MoneyCon are combined to achieve a more accurate, thus less risky, estimate of the
change in a bond’s full price, as shown in Equation 4.

APVl = —(MoneyDur x AYield) + [} x MoneyCon x (4Yield)?). )

For a money convexity example, consider again BRWA'’s five-year, 3.2% semiannual
coupon bond, settling 15 October 2025, maturing 15 October 2030, and yielding
3.2%—thus, priced at par. We saw previously that annual modified duration and annual
convexity for this bond are 4.58676 and 24.23895, respectively.

Suppose the investor has a position in the bond with a par value of USD100 million
and the yield-to-maturity increases by 100 bps. We saw earlier that the bond’s price
declines to 95.53212, so the market value of the position decreases to $95,532,116 (=
$100,000,000 x 0.9553212), a decline of $4,467,884.

Estimating the market value change using MoneyDur alone results in a larger
decline, $4,586,759 (= $458,675,875 x 0.0100), a difference of $118,875.
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However, using Equation 3, the MoneyCon for this position is $2,423,894,503 (=
24.23895 x $100,000,000), and if we apply Equation 4, which uses both MoneyDur and
MoneyCon, to estimate the market value change, the result is a decline of —$4,465,564,
as follows:

—$4,465,564 ~ —($458,675,875 x 0.01) + [% x 2,423,894, 503 x (0.01)2].

By using both MoneyDur and MoneyCon, the difference in the estimated versus the
actual changes in bond position value is only $2,320. Exhibit 5 summarizes these
results and shows the estimated and actual changes in position value for a 100 bp
decrease in yield.

Exhibit 5: Using Money Duration and Money Convexity to Estimate Bond

Price Changes

Estimated Difference Estimated Difference

APVFull from APVFUll ysing from
Changein Actual Using Actual MoneyDur + Actual
Bond Yield ApyFull MoneyDur Change MoneyCon Change
+ 100 BPS -$4,467,884  —-$4,586,759 $118,875 —$4,465,564 -$2,320
— 100 BPS $4,710,348 $4,586,759 -$123,590 4,707,953 -$2,395
KNOWLEDGE CHECK 4

An investor holds a position in five-year, zero-coupon Federal Republic

of Germany bonds settling 11 May 2025 and maturing 11 April 2030.

The yield-to-maturity is —0.72%, stated as an effective annual rate on an Act/
Act basis. There are five annual periods, and settlement is 30 days into the
365-day year.

1. Calculate the full price of the bond per 100 of par value.
Solution:

Because Excel’s PRICE function does not work for negative yields, the
equation for PV of a zero-coupon bond must be used. There are five annual
periods, settlement is 30 days into the 365-day year, and because 1 + r =1
+ (—0.0072) = 0.9928, the full price of the bond is 103.6175 per 100 of par
value:

PV, = [0 | x (0.9928)365
0 (0.9928)3 :

PV, =103.6175.

2. Calculate ApproxModDur and ApproxCon using a 1 bp increase and de-
crease in the yield-to-maturity.
Solution:
PV, =103.5662, and PV_ = 103.6689:

Py, = [—19 ]« (0.9929)365
+ (0.9929)5] )

PV, =103.5662.
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PV = [—1% 14 (0.9927)%5
- (0.9927)3 ’

PV_=103.6689.
The approximate modified duration is 4.9535:

_103.6689 —103.5662 _
ApproxModDur = 3% (0.000D) % 103.6175 — 4.9535.

The approximate convexity is 29.918:

 103.6689 + 103.5662 — (2 x 103.6175)
ApproxCon = (0.0001)2 x 103.6175 29.918.

3. Calculate the estimated convexity-adjusted percentage price change result-
ing from a 100 bp increase in the yield-to-maturity.

Solution:

The convexity-adjusted percentage price change from a 100 bp increase in
yield-to-maturity is estimated as —4.80391%. Modified duration alone esti-
mates the change as —4.9535%. The convexity adjustment adds 14.96 bps.

%AP VFUll ~ (— AnnModDur x AYield )+ [% x AnnConvexity * (4 Yield)z].

%APVFul = (~4.9535+0.01)+ |1 x 20.918 x (0.01)?]

%APVEUll =~ —(.048039 = —4.8039%.

4. Compare the estimated percentage price change with the actual change,
assuming the yield-to-maturity jumps 100 bps, to 0.28%, on the settlement
date.

Solution:

The new full price if the yield-to-maturity jumps from —0.72% to 0.28% on
the settlement date is 98.634349:

30
pyFull — [ﬁ] x (1.0028)365

PyFull = 98634349

The actual percentage change in the bond price is —4.80920%
(98.634349/103.617526 — 1). The convexity-adjusted estimate is —4.80391%,
whereas the estimated change using modified duration alone is —4.95350%.

QUESTION SET [ f

Questions 1-4 relate to the following information.

An investor purchases a €10 million semi-annual 3.75% coupon bond with a
yield-to-maturity of 2.95%, settling 30 June 2025 and maturing 30 June 2032.

1. Calculate ApproxModDur and ApproxCon for the bond using a 1 bp in-
crease and decrease in yield-to-maturity.

Solution:

PV, = PRICE(DATE(2025,6,30),DATE(2032,6,30),0.0295,0.0296,100,2,0)
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=99.937.

PV_= PRICE(DATE(2025,6,30),DATE(2032,6,30),0.0295,0.0294,100,2,0)
= 100.063.

_ 100.063 —99.937 _
ApproxModDur = == 00675100 0.000D) = 100 — 6.283.

_ 100.063 +99.937 — (2 x 1000 _
ApproxCon = (©.000D)2 < 100 44.965.

2. Calculate MoneyDur and MoneyCon for the bond position using the results
from Question 1.

Solution:

MoneyDur = 6.283 x EUR10,000,000 = EUR62,829,180.

MoneyCon = 44.965 x EUR10,000,000 = EUR449,647,660.

3. Calculate the estimated price change in the investor’s position in the bond
using MoneyDur and MoneyCon for a 50 bp decrease in yield-to-maturity.

Solution:
APVFull ~ —(EUR62,829,180 x —0.005) + [2 x EUR449,647,660 x (—0.005)2]
=EUR319,767.

4. Calculate the difference between the estimated price change and the actual
price change given a 50 bp yield-to-maturity decrease.

Solution:

PVFull = PRICE(DATE(2025,6,30),DATE(2032,6,30),0.0295,0.0345,100,2,0)
=103.198.

The actual increase in the bond price is 3.1984%:

APV = 3 1984% x $10,000,000 = EUR319,840.

The difference between the actual and the estimated price change is EUR73
(= 319,840 - 319,767).

PORTFOLIO DURATION AND CONVEXITY

] calculate portfolio duration and convexity and explain the limitations
of these measures

Just as duration and convexity provide measures of the interest rate risk of a single
bond, these metrics can also be used to measure the interest rate risk of a portfolio of
bonds. There are two ways to calculate the duration and convexity of a bond portfolio:

1. Using the weighted average of time to receipt of the aggregate cash flows
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2. Using the weighted averages of the durations and convexities of the individ-
ual bonds that make up the portfolio

The first method is the theoretically correct approach, but it is difficult to use
in practice. Our focus will be the second method since it is commonly used by
fixed-income portfolio managers. We will also highlight its limitations.

Suppose an institutional investor holds a two-bond portfolio consisting of $50
million par value each of the BRWA five-year bond and a government of Romania
30-year bond, with details as shown in Exhibit 6. Assume that both bonds are denom-
inated in US dollars.

Exhibit 6: Inputs for Determining Portfolio Duration and Convexity

Maturity  Coupon Yield
Bond (Years) (%) Price (%) Duration Convexity
BRWA 5 3.200 100.000 3.200 4.58676 24.23896
Romania 30 4.625 98.022 4.750 15.90637 369.64203
Bond Par Value Market Value Portfolio Weight
BRWA 50,000,000 50,000,000 0.5050
Romanian 50,000,000 49,011,224 0.4950

The total market value for the portfolio is $99,011,224, and the portfolio is nearly
evenly weighted in terms of market value between the two bonds. As noted previ-
ously, duration and convexity for a portfolio are calculated as the weighted average
of the statistics for the individual bonds, with the shares of overall portfolio market
value as the weights. This weighted average approximates the theoretically correct
portfolio duration and convexity and becomes more accurate when differences in the
yields-to-maturity on the bonds are smaller and when the yield curve is flat.

Given the portfolio weights in this simple example, portfolio duration and con-
vexity are calculated as follows:

Weighted-average modified duration = (4.58676 x 0.5050) + (15.90637 x 0.4950)
=10.19004.

Weighted-average convexity = (24.23896 x 0.5050) + (369.64203 x 0.4950)
=195.21581.

The main advantage of this weighted-average approach is that it is easily used as a
measure of interest rate risk. For instance, if yields-to-maturity on each of the bonds
in the portfolio increase by 100 bps, then the estimated decline in the portfolio value
is 9.214%.

%APVFUl = (-10.19004 x 0.0100) + [% x 195.21581 x (0.0100)%] = —9.21396%.

However, this approach also comes with a limitation: These measures of portfolio
duration and convexity implicitly assume that yields of all maturities change by the
same amount in the same direction, a parallel shift in the yield curve. In reality, pure
parallel shifts are rare; rather, we frequently observe a steepening, flattening, or even
twisting yield curve.
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EXAMPLE 2

Portfolio Duration and Convexity

An institutional investor considers adding a new USD50 million par value position
in a 10-year US Treasury bond to its existing portfolio of BRWA and government
of Romania bonds. The relevant data are shown in Exhibit 7.

Exhibit 7: Inputs for Determining Portfolio Duration and Convexity

Maturity Coupon Yield
Bond (Years) (%) Price (%) Duration Convexity
BRWA 5 3.200 100.000  3.200 4.58676 24.23896
Romanian 30 4.625 98.022 4,750  15.90637 369.64203
uUsS 10 1.500 98.168 1.700 9.23693 93.87376
Treasury

Market Value

Bond Par Value (USD) (USD) Portfolio Weight
BRWA 50,000,000 50,000,000 0.33762
Romania 50,000,000 49,011,224 0.33094
uUS 50,000,000 49,083,948 0.33144
Treasury

1. Calculate the weighted-average duration and convexity for the proposed
portfolio.

Solution:
Given the data in Exhibit 7, the weighted-average modified duration and
convexity are calculated as follows:

Weighted-average modified duration = (4.58676 % 0.33762) + (15.90637 x
0.33094) + (9.23693 x 0.33144)

=9.87415.

Weighted-average convexity = (24.23896 x 0.33762) + (369.64203 x 0.33094)
+(93.87376 x 0.33144)

=161.62749.

2. Compare and interpret duration and convexity for the proposed portfolio
versus the current portfolio.
Solution:
Adding the US Treasury position would decrease both the portfolio duration
(from 10.19004 to 9.87415) and convexity (from 195.21581 to 161.62749).
The reduction in duration would reduce the price risk of the portfolio
against an upward parallel shift in the yield curve, but due to the lower con-
vexity, this reduction in risk would be lessened for large shifts.
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3. Recommend whether the US Treasury bond position should be added if the
investor expects a 100 bp parallel shift downward in yields.

Solution:

Given an expected 100 bp parallel shift down in yields, the investor should
not add the position in US Treasury bonds. Adding the position lowers both
the portfolio duration and convexity, which would also reduce the expected
increase in the value of the portfolio. Given the investor’s yield curve view, it
should seek to increase both portfolio duration and convexity.

QUESTION SET [ f

Questions 1-4 relate to the following information.

An investor purchases EUR10 million par value of a 5-year, zero-coupon bond
and a 10-year, fixed-rate semiannual coupon bond. Details of the bonds are
shown below.

Two-Bond Portfolio

Maturity Coupon YTM
Bond (Years) (%) Price (%) Duration Convexity
Zero 5 0.00 83.18777 3.750 4.81928 27.87052
Semi- 10 5.50 105.91556  4.750 7.71210 72.54897

annual

1. Calculate the weighted-average modified duration for the portfolio.
Solution:

The market value of the bonds are as follows:

Zero-coupon: €10,000,000 x 83.18777/100 = €8,318,777.

Semi-annual: €10,000,000 x 105.91556/100 = €10,591,556.

Therefore, the weights are 43.991% for the zero-coupon bond and 56.009%
for the semi-annual bond. As a result, the weighted-average modified dura-
tion is

(4.81928 x 0.43991) + (7.71210 x 0.56009) = 6.43953.

2. Calculate the weighted-average convexity for the portfolio.
Solution:

Using the weights calculated previously,

Weighted-average convexity = (27.87052 x 0.43991) + (72.54897 x 0.56009)
= 52.89463.

3. Calculate the estimated percentage price change of the portfolio given a 100
bp increase in yield-to-maturity on each of the bonds.

Solution:
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%APVTUll ~ (—6.43953 x 0.0100) + [%4 x 52.89463 x (0.0100)2] = —6.1751%.

4. Based on rising inflation and tightening monetary policy, the investor ex-
pects interest rates to rise. Given that view, which bond should the investor
consider replacing the 10-year bond with?

A. A 20-year bond
B. A 15-year floating-rate bond

(. A 10-year bond with a lower coupon
Solution:

B is correct. With interest rates expected to rise, the investor should choose
a bond with lower interest rate risk. Both the 20-year bond and the 10-year
bond with a lower coupon should have higher durations than the current
10-year bond, all else equal, and would be expected to experience a larger
percentage price decrease if interest rates increase. Floating-rate bonds,
however, have low interest rate risk because coupon payments adjust to
changing interest rates.
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PRACTICE PROBLEMS

1. A 5.5% semiannual-pay fixed-coupon bond is issued at par on 1 May 2025 and
matures on 1 May 2029. For a 5 bps increase and decrease in yield-to-maturity,
PV, and PV_ are 98.245077 and 101.792534, respectively. The approximate con-
vexity is closest to:

A. 3.548.
B. 15.045.

C. 101.793.

2. A bond pays a semiannual fixed coupon of 4.75%. It trades at par on its coupon
date of 16 December 2025 and matures on 16 December 2033. The bond’s annu-
alized convexity statistic is closest to:

A. 51.670.
B. 53.231.

(. 206.681.

3. For changes in yield-to-maturity, the convexity adjustment is most needed to
account for the:

A. first-order effect on bond prices.
B. bond price risk due to small changes in yield-to-maturity.

C. non-linear relationship of bond prices and yield to maturity.

The following information relates to questions

A bond portfolio consists of the following three option-free, fixed-rate bonds:
Bond Market Value (£) Annual Modified Duration  Annual Convexity
X 5,000,000 3.6239 16.2513
Y 5,000,000 9.0036 91.0278
Z 10,000,000 12.7512 179.8591

4. If the yield-to-maturity of Bond X increases by 50 bps, the expected percentage
price change of Bond X is closest to:

A. -1.792%.
B. -1.812%.
¢ -1.832%.

5. Given a 75 bps change in the yields-to-maturity for Bonds Y and Z, the convexity
adjustment for Bond Z would be greater than the convexity adjustment of Bond
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if the YTM change is positive.

if the YTM change is negative.

C. regardless of the direction of the change in YTM.

6. For a 100 bps increase in yield-to-maturity and using money duration and money
convexity, the estimated change in Bond Y’s full price is closest to:

A. —-GBP472,937.
B. —-GBP450,180.

(. —-GBP427,423.

7. For a 100 bps increase in yield-to-maturity and using the weighted average dura-
tion and convexity, the expected percentage price change for the bond portfolio is

closest to:

A. -7.981%.
B. —8.949%.
¢ -9.533%.

8. The bond portfolio’s benchmark is a fixed-income index with a duration of 9.5325
and convexity of 103.0677. Based on the weighted-average portfolio duration and
convexity, the portfolio should outperform its benchmark in which of the follow-
ing scenarios?

A. Only when interest rates are rising
B. Only when interest rates are falling

C. Both when interest rates are rising and falling

9. The method of using weighted-average portfolio duration and convexity mea-
sures to assess price risk of a bond portfolio is best characterized as:

A. being theoretically correct.
B. being commonly used by portfolio managers.

(. accommodating non-parallel shifts in the yield curve.
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SOLUTIONS

1. Bis correct.

_101.792534 + 98.245077 — (2 x 100) _
ApproxCon = (0.0005)2 x 100 15.044498.

2. Ais correct.

Eight-Year, 4.70% Semiannual Bond

Fixed Coupon (%) 4.70
Periods p.a. 2
Price (per 100 Par Value) 100
Yield-to-Maturity (%) 4.70

Col. 6 =Col. 2 x Col.7=Col. 2 x (Col. 2 + 1)

Col. 1 Col. 2 Col. 3 Col. 4 Col. 5 Col.5 x Col. 5 x (1 +YTM/2)-2

Period -Il:enc‘:i::: Cash Flow P\;:::t Weight Time;\tl)e:t:;teipt % Convexity of Cash Flows

1 1.0 2.35 2.296043 0.02296 0.02296 0.04384:

2 2.0 2.35 2.243325 0.02243 0.04487 0.12849

3 3.0 2.35 2.191817 0.02192 0.06575 0.25108

4 4.0 2.35 2.141492 0.02141 0.08566 0.40886

5 5.0 2.35 2.092323 0.02092 0.10462 0.59920

6 6.0 2.35 2.044282 0.02044 0.12266 0.81962

7 7.0 2.35 1.997344 0.01997 0.13981 1.06774

8 8.0 2.35 1.951484 0.01951 0.15612 1.34129

9 9.0 2.35 1.906677 0.01907 0.17160 1.63811

10 10.0 2.35 1.862899 0.01863 0.18629 1.95617

11 11.0 2.35 1.820126 0.01820 0.20021 2.29351

12 12.0 2.35 1.778336 0.01778 0.21340 2.64827

13 13.0 2.35 1.737504 0.01738 0.22588 3.01871

14 14.0 2.35 1.697610 0.01698 0.23767 3.40315

15 15.0 2.35 1.658632 0.01659 0.24879 3.80002

16 16.0 102.35 70.580104 0.70580 11.29282 183.26330
100.0000 1.00000 13.51910 206.68136

Annualized Convexity 51.67034

3. Cis correct. The convexity adjustment is a complementary risk measure to
duration. It accounts for the second-order (non-linear) effect of yield changes on
price. It is most useful for large yield changes, because duration provides a good
approximation for small yield changes.

4. A is correct. The expected price change is calculated as follows:

%APVTUl =~ (=3.6239 x 0.005) + [% x 16.2513 x (0.005)2]
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=_1.79164% =~ —1.792%.

5. Cis correct. Since the convexity adjustment uses the square of the change
in yield, it is always positive regardless of the direction of the change in
yield-to-maturity. As a result, the convexity adjustment for Bond Z will always
be greater than the convexity adjustment for Bond Y, given the same change in
yields-to-maturity.

6. Cis correct.

MoneyDur = 9.0036 x 5,000,000 = 45,018,000
MoneyCon = 91.0278 x 5,000,000 = 455,139,000

APVFUl = (45,018,000 x 0.01) + [12 x 455,139,000 x (0.01)] = -GBP427,423.

7. Bis correct. The portfolio weights for Bonds X, Y, and Z are 0.25, 0.25, and 0.50,
respectively. The weighted average duration and convexity measures are calculat-
ed as follows:

Weighted-average duration = (0.25 x 3.6239) + (0.25 x 9.0036) + (0.50 x 12.7512)
=9.5325.

Weighted-average convexity = (0.25 x 16.2513) + (0.25 x 91.0278) + (0.50 x
179.8591)

=116.7493.

%APVFUl = (—9.5325 x 0.01) + [% x 116.7493 x (0.01)2] = —8.9487% ~ —8.949%.

8. Cis correct. The portfolio has a weighted-average duration of 9.5325, which is
identical to the benchmark’s duration. However, the portfolio has higher convexi-
ty (116.7493) compared to the benchmark (103.0677). All else equal, the portfolio
should outperform the lower-duration benchmark portfolio in both rising and
falling interest rate environments.

9. Bis correct. The weighted-average portfolio duration and convexity method
is easy to calculate and apply in practice and is commonly used by portfolio
managers to assess bond portfolio price risk. It does, however, implicitly assume
parallel shifts in the yield curve. Using the weighted average of time to receipt of
the aggregate cash flows is the theoretically correct method to calculate portfolio
duration and convexity, but it is difficult to use in practice.
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LEARNING MODULE

13

Curve-Based and Empirical
Fixed-Income Risk Measures

LEARNING OUTCOMES

Mastery | The candidate should be able to:

] explain why effective duration and effective convexity are the most
appropriate measures of interest rate risk for bonds with embedded
options

] calculate the percentage price change of a bond for a specified
change in benchmark yield, given the bond’s effective duration and
convexity

] define key rate duration and describe its use to measure price
sensitivity of fixed-income instruments to benchmark yield curve
changes

] describe the difference between empirical duration and analytical
duration

INTRODUCTION

Having covered yield-based duration and convexity measures, we now introduce
curve-based measures of a bond’s price sensitivity to changes in a benchmark yield
curve and when cash flows are uncertain. We show how the change in a bond’s full
price is estimated by combining curve-based duration and convexity sensitivity mea-
sures, discuss uses of these approximate measures by issuers and investors, and explain
their benefits and limitations. We also introduce key rate duration as a measure of
interest rate risk across the term structure. Finally, we show that benchmark yield
changes and credit spreads for issuers of lower credit quality are negatively correlated,
especially during periods of market distress, establishing the benefit of an empirical
versus analytical approach.

LEARNING MODULE OVERVIEW %

= Yield duration and convexity estimates of interest rate risk are
useful only for small changes in yields. Effective duration and
effective convexity are valid for both small and large changes in yields.
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= Effective duration and effective convexity are useful for gauging the
interest rate risk of bonds whose future cash flows are uncertain.

= Effective duration and effective convexity can be used to estimate the
percentage change in a bond’s full price for a given shift in the bench-
mark yield curve.

= A key rate (or partial) duration is a measure of a bond’s sensitivity to a
change in the benchmark yield at a specific maturity. Key rate dura-
tion data, along with forecasted shifts in the benchmark curve, allow a
portfolio to be rebalanced to improve its return.

= The sum of weighted key rate durations of the bonds in a portfolio are
equal to the effective duration of the entire portfolio.

= Analytical duration and convexity are estimated duration and con-
vexity statistics using mathematical formulas. Empirical duration and
convexity are estimated using historical data that incorporate various
factors affecting bond prices.

= When deciding whether to use an empirical or analytical measure,
the correlation between benchmark yields and credit spreads must be
considered.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of the learning module.

1. For which of the following-fixed income instruments would an investor most
likely use yield duration and convexity to measure interest rate risk rather
than effective duration and effective convexity?

A. 30-year fixed-rate bond
B. Callable bond

(. Mortgage-backed security
Solution:

A is correct. The callable bond and mortgage-backed security have embed-
ded options, which yield duration and convexity cannot account for. The
30-year fixed-rate bond does not, so either method could be applied.

2. Calculate the effective duration of a bond given the following:

= PV, =102.208.
= DPrice with the benchmark yield curve shifted up 25 bps: PV+ =

100.004-.
= Price with the benchmark yield curve shifted down by 25 bps: PV_ =
103.891.
Solution:

E @) (PYy)
HDUr = 5 UCurve) < (P Ty)

(103.891) — (100.004)
EffDur = 5570.0025)  (102.208)

EffDur = 7.606
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3. Calculate the effective convexity of a bond given the following:

= PV, =102.208.
= Price with the benchmark yield curve shifted up 25 bps: PV+ =

100.004.
= Price with the benchmark yield curve shifted down by 25 bps: PV_ =
103.891.
Solution:
@YD+ @V - [2x(PVy)
EffCon = UCurve)? x (PVy)
EffCon = [(103.891) + (100.004)] — [2 x (102.208)]

(0.0025)% x (102.208)

EffCon = —815.592

4. If the benchmark yield curve shifted by 50 bps, what would be the percent-
age change in the full price of a bond if its effective duration is 6.094 and its
effective convexity is —230.097?

Solution:

%AP VUl =~ (= EffDur x ACurve) + [% x EffCon x (ACurve)z]

%P VFull = (=6.094 x 0.005) + [} x ~230.097 x (0.005)?]

%APVEUll = 3 339

5. The table below contains forecasts of expected changes in the benchmark
yield curve by tenor.

Maturity 1 year 5 years 10 years 20 years 30 years

Curve shift at +100 bps  +150 bps +200 bps +250 bps +300 bps
maturity

Your portfolio contains equally sized positions in Bond A and Bond B,
which have the following key rate durations.

Tenor Key Rate Duration
Bond A 5 years 1.706
Bond B 10 years 3.195

Given the information and expected changes in yields, identify the bond
that could be sold to improve returns.

Solution:

Bond B, because its expected price decline from the expected change in
benchmark yields is more than twice that of Bond A.

For Bond A, APV/PV = -1.706 x 0.015 = —2.56%.

For Bond B, APV/PV = —3.195 x 0.020 = —6.39%.
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6. Explain why yield duration and convexity are less useful for bonds with con-
tingency features, such as callable bonds.

Solution:

Yield duration and convexity assume cash flows are received on scheduled
dates. Cash flows from bonds with contingency features may not be received
on scheduled dates—if, for example, a callable bond is called by the issuer
following a decrease in interest rates. Therefore, yield duration and convexi-
ty would not correctly measure the price sensitivity to interest rates.

7. When comparing analytical duration versus empirical duration, which of
the following statements is correct?

A. Analytical duration and convexity are estimated duration and convex-
ity statistics using mathematical formulas.

B. Empirical duration and convexity are estimated using historical data in
non-statistical models that incorporate various factors affecting bond

prices.
(. BothAandB
Solution:

A is correct. Analytical duration and convexity are estimated duration and
convexity statistics using mathematical formulas.

B is incorrect because statistical models are primarily used to determine
empirical duration and convexity.

Cis incorrect because B is incorrect.

8. True or false: Analytical duration is superior to empirical duration for bonds
with credit risk.

Solution:

False. If government bond yields are driven lower in a market stress scenar-
io, the “flight to safety” will also cause credit spreads to widen because of

an increase in expected default risk. Since credit spreads and benchmark
yields are negatively correlated under this scenario, wider credit spreads will
partially or fully offset the decline in government benchmark yields, result-
ing in lower empirical duration estimates than analytical duration estimates.
Therefore, empirical duration estimates are a more accurate method of
forecasting bond price changes for bonds with credit risk.

CURVE-BASED INTEREST RATE RISK MEASURES

] explain why effective duration and effective convexity are the most
appropriate measures of interest rate risk for bonds with embedded
options

Yield duration and convexity assume a bond’s cash flows are certain. However, if a
bond has contingency features, such as embedded options, as with a callable (or put-
table) bond, then future cash flows are uncertain since option exercise depends on
the level of market interest rates relative to coupon interest being paid (or received).
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For example, the duration of a callable bond does not reflect the sensitivity of the
bond price to a change in the yield-to-worst, since this represents only one of several
possible outcomes based on future interest rates.

Consequently, bonds with embedded options do not have well-defined
yields-to-maturity, so Macaulay and modified durations are not appropriate interest
rate risk measures for such bonds. Rather, the appropriate measure of interest rate
risk is the sensitivity of the bond’s price to a change in a benchmark yield curve—for
example, the government par curve—known as effective duration, a curve duration
rather than a yield duration statistic.

Exhibit 1 shows the impact of an instantaneous change in the benchmark yield
curve (ACurve) on the price of a callable bond compared with that on a comparable
non-callable bond. The two bonds have the same features (i.e., coupon rate, payment
frequency, time-to-maturity, and credit risk). Note that the horizontal axis is a bench-
mark yield—a point on the par curve for government bonds.

Exhibit 1: Interest Rate Risk Characteristics of a Callable Bond

Price
Value of the embedded call option
PV_ ................ T
PU, froeememneeeenes SRR : / Non-callable bond
PV+ ................ ‘ ............. ERPRIPRRRRI :
Callable bond
ACurve ACurve Benchmark yield

< »

The price of the non-callable bond is always greater than that of the comparable call-
able bond. The difference is the value of the embedded call option, which is held by
the bond issuer (not the investor). When interest rates are high relative to the coupon
rate, the value of the call option is low. When rates are low, the value of the call option
is high since the issuer is more likely to exercise the option to refinance the debt at
the lower prevailing rates. The investor bears the “call risk” since if the bond is called,
the investor must reinvest the proceeds at a lower interest rate.

Exhibit 1 shows that, given parallel shifts in the benchmark yield curve, when
benchmark yields are high (ACurve is positive), the effective durations of the callable
and non-callable bonds are very similar. But when interest rates are low (ACurve is
negative), the effective duration of the callable bond is lower than that of the otherwise
comparable non-callable bond, since the callable bond price does not increase as much
when benchmark yields fall; the presence of the call option limits price appreciation.
Thus, an embedded call option reduces the effective duration of the bond, especially
when interest rates are falling and the bond is more likely to be called. The lower
effective duration can be interpreted as a shorter expected life—a reduced weighted
average of time to receipt of cash flow.

Analogous to effective duration, the second-order effect of a parallel shift in the
benchmark yield curve is measured by effective convexity, a curve convexity statistic.
In Exhibit 1, as the benchmark yield declines, the slope of the line tangent to the curve
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for the non-callable bond steepens, indicating positive convexity. But the slope of the
line tangent to the callable bond flattens as the benchmark yield declines and reaches
an inflection point, after which the effective convexity becomes negative.

When the benchmark yield is high and the value of the embedded call option is low,
the callable and the non-callable bonds experience very similar effects from interest
rate changes and both have positive convexity. But as the benchmark yield declines, the
curves diverge, and at some point, the callable bond moves into the range of negative
convexity, since the embedded call option has more value to the issuer and is more
likely to be exercised. This situation further limits the potential price appreciation of
the bond arising from lower benchmark yields.

Exhibit 2 shows characteristics of a bond with an embedded put option.

Exhibit 2: Interest Rate Risk Characteristics of a Putable Bond

Price

Putable bond

=72 PO N\ \ Value of the embedded put option

PV, frevessensssenissni s SN
PV+ ......................................... , .............. -

N

Non-putable bond

ACurve ACurve Benchmark yield

< »

A putable bond allows the investor to sell the bond back to the issuer before maturity,
usually at par value, protecting the investor from higher benchmark yields that would
otherwise drive the bond’s price below par. So, the price of a putable bond is always
higher than that of an otherwise comparable non-putable bond, the price difference
being the value of the embedded put option.

An embedded put option reduces the effective duration of the bond, especially
when rates are rising. Given a parallel shift in the benchmark yield curve, if interest
rates are low compared to the coupon rate, the value of the put option is low and
the impact of a change in the benchmark yield on the bond’s price is very similar to
that for a non-putable bond. But when benchmark interest rates rise, the put option
becomes more valuable to the investor, since the ability to sell the bond back to the
issuer at par limits the price depreciation as rates rise. Importantly, putable bonds
always have positive effective convexity.

Effective duration and effective convexity are also relevant for mortgage-backed
securities (MBSs), which arise from a residential (or commercial) loan portfolio
securitization and are covered in later lessons. MBS cash flows are contingent on
homeowners’ ability to refinance or pay off an existing mortgage with the proceeds
from a new mortgage. Refinancing is a common feature of mortgages in the United
States and some other jurisdictions that borrowers tend to exercise if interest rates fall.

Calculating effective duration (EffDur) is very similar to calculating approximate
modified duration, as shown in Equation 1.

, _ ®rro)-@r)
EffDur = 2 x (ACurve) x (;’ Vo) )
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The formula for calculating effective convexity (EffCon) is also very similar to the
formula for approximate convexity, as shown in Equation 2.

_@V)+@V) -2 (PVy)]
EffCon = UCurve)? < (PVy) 2

The differences are that ACurve is in the denominator—since effective duration is a
curve duration statistic, it measures interest rate risk in terms of a parallel shift in the
benchmark yield curve—and that PV_ and PV, are calculated using option pricing
models. These models are covered in more detail in later modules but include such
inputs as (1) the length of the call protection period, (2) the schedule of call prices
and call dates, (3) an assumption about credit spreads over benchmark yields (which
also includes any liquidity spread), (4) an assumption about future interest rate vol-
atility, and (5) the level of market interest rates (e.g., the government par curve). The
analyst holds the first four inputs constant and then raises and lowers the fifth input
(i.e., parallel shifts) to derive PV, and PV_, respectively.

Although effective duration and effective convexity are the appropriate interest
rate risk measure for bonds with embedded options, they may also be useful with
option-free bonds to supplement yield duration. Importantly, small differences may
arise between a bond’s effective duration and its modified duration because when the
government par curve is shifted in the model, the government spot (i.e., zero) curve is
also shifted, but not in the same parallel manner. Thus, the change in the bond price
is not the same as it would be if its yield-to-maturity changed by the same amount
as the change in the par curve.

In general, modified duration and effective duration on an option-free bond are
not identical. However, the difference narrows when the yield curve is flatter, the
time-to-maturity is shorter, and the bond is priced closer to par value; the difference
disappears only in the rare circumstance of a flat yield curve.

For example, consider BRWA's five-year, 3.2% (semiannual) coupon bond priced
at par for settlement on 15 October 2025 and maturity on 15 October 2030. Using
PV, = 100.00 and AYield = 0.0005, in an earlier lesson, we found

PV, =99.771 and PV_ =100.230,

resulting in yield duration and convexity statistics as follows:

ApproxModDur = 4.587 and ApproxCon = 24.239.

Instead of a change in the bond’s yield-to-maturity, assume there is an upward and
downward shift of the benchmark government par curve (ACurve) by 5 bps, which
causes spot rates to move in a slightly non-parallel manner. Using PV{, = 100.00 and
ACurve = 0.0005 and assuming the following new prices,

PV, =99.760 and PV_=100.241,

then using Equation 1, effective duration is 4.816:

E @)= (PYY)
HDUr = 5 iCurve) < (P V)

_(100.241) — (99.760)
EffDur = 5576.0005) x (100)

EffDur =4.816

Using the same inputs in Equation 2, effective convexity is 40.000:
[PV + PV~ [2%(PV)]
(UCurve)? x (P Vy)

EffCon =

[(100.241) + (99.760)] — [2 x (100)]
(0.0005)2 x (100)

EffCon =
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EffCon = 40.000

EXAMPLE 1

Effective Duration and Convexity

The portfolio manager asks you, the analyst on a fixed-income team, to determine
the interest rate sensitivity of a callable bond she is considering. The portfolio
manager is seeking to invest in a bond with a duration between 7.0 and 8.0 and
positive convexity.

Suppose the full price of the callable bond is 101.060 per 100 of par value.
When the government par curve is raised and lowered by 25 bps, the new full
prices for this callable bond from your option valuation model are 99.050 and
102.891, respectively. Therefore,

= PV, =101.060,

= PV, =99.050,

= PV_=102.891, and
=  ACurve = 0.0025.

You determine effective duration and effective convexity for this callable
bond as follows:

P @ -(PYy
ffDur = 2 x (4Curve) x (P V)

_(102.891) — (99.050)
EffDur = 35-0.00025) < (101.060)°

EffDur =7.601.
) B [PV +(PV.)—2x (PVy)]
EffCon = Curver x (PVy)
 [(102.891) + (99.050)] — [2 x (101.060)]
1S = (0.00025)2 x (101.060)
EffCon = —283.

You recommend that the portfolio manager not buy this callable bond. While
its effective duration meets her criteria, the bond has negative effective convexity.
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QUESTION SET [ f

1. Match each scenario to the interest rate risk measures below.

Scenario Interest rate risk measure

A. Bond’s percentage price change given = Money duration
a change in its yield-to-maturity

B. Linear approximation of the bond’s Modified duration

price change in currency, given a 1%

change in yield

C. Callable bond Effective duration
Solution:

The match for A is modified duration. Modified duration is used to estimate
the percentage price change given a change in yield-to-maturity.

The match for B is money duration. Money duration expresses modified
duration in currency units, which can be used to estimate the currency unit
change in the position of a bond.

The match for C is effective duration. Callable bonds have uncertain future
cash flows with respect to future interest rates. Therefore, a curve duration
statistic, such as effective duration, would be best to measure interest rate
risk.

Questions 2-5 relate to the following information:

As a member of a fixed-income team, you are asked to examine pricing data
for a Viviyu Inc. callable bond. The current full price, the price assuming the
benchmark yield curve shifts up 25 bps, and the price assuming the benchmark
yield curve shifts down by 25 bps, are as follows:

= PV, =102.208,
= PV, =100.004, and
= PV_=103.891.

2. Calculate the effective duration of the Viviyu Inc. callable bond.

Solution:

E A
DU = 5 UCurve) < (P V)

(103.891) — (100.004)
EffDur = 5570.00025) x (102.208)°

EffDur = 76.061.

3. In an audit of the data, it was determined that PV, was incorrect and that
the correct value of PV, is 100.50426. All other data values were correct.
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Explain whether the updated data would increase or decrease the value of
effective duration.
Solution:

There is no need to recalculate the effective duration. Since the updated
PV, value is larger than the prior one, with all else constant, the numerator
would be lower; thus, effective duration would decrease.

4. Calculate the effective convexity of the Viviyu Inc. callable bond using the
following:

= PV, =102.208,

= PV, =98.504,

= PV_=103.891, and
= ACurve = 0.0025.

Solution:
5 @O+ ev)] - [2x(P1y)
EffCon = (UCurve)? x (P V)
. [(103.891) + (98.504)] — [2 x (102.208)]
EffCon = (0.00025)2 x (102.208)
EffCon =-3,164.

5. In Question 4, the effective convexity was negative, not positive as it was for
the effective duration. Explain what negative effective convexity implies.

Solution:

Negative effective convexity implies that the bond price will decline by a
greater amount with an upward shift in benchmark yield than it will in-
crease with a decline in the benchmark yield.

BOND RISK AND RETURN USING CURVE-BASED
DURATION AND CONVEXITY

] calculate the percentage price change of a bond for a specified
change in benchmark yield, given the bond’s effective duration and
convexity

As we have seen, effective duration and effective convexity are curve-based metrics
that are useful for gauging the interest rate risk of complex instruments—such as those
with embedded contingency provisions—whose future cash flows are uncertain. These
metrics are typically determined from bond prices derived using an option valuation
model, given specific (parallel) changes in the underlying benchmark government
yield curve.

Just as with yield-based interest rate risk measures, effective duration and effective
convexity can be used to estimate the percentage change in a bond’s full price for a
given shift in the benchmark yield curve (ACurve), as shown in Equation 3.
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%AP VPl = (~EfiDur x ACurve)+ [+ x EffCon x (4Curve)?]. 3)

Let’s return to BRWA’s five-year, 3.2% (semiannual) coupon bond priced at par for
settlement on 15 October 2025 and maturity on 15 October 2030. Using Equation 3
and previously derived effective duration and effective convexity,

EffDur = 4.816 and EffCon = 26.723,

the percentage changes in the bond’s full price for £100 bp shifts in the benchmark
government par curve are estimated as follows:

%APVFUll ~ (—4.816 x 0.01) + [ x 26.723 x (0.01)] = —4.68%.

%APVTUl ~ (—4.816 x —0.01) + [% x 26.723 x (—0.01)?] = 4.95%.

These bond price changes compare with the previously derived estimates of —4.47%
and 4.71% for this BRWA bond when using ApproxModDur alone and ApproxModDur
and ApproxCon, respectively, with yield-to-maturity changes of +100 bps.

As noted earlier, the differences in results using the curve-based measures versus
the yield-based interest rate risk measures are due to slightly different bond prices
(PV, and PV_) and, therefore, EffDur and EffCon metrics (versus ApproxModDur
and ApproxCon metrics) since a parallel shift in the government par curve produces
a non-parallel shift in spot (zero) rates and one-year forward rates.

Curve-based interest rate risk measures are important for both issuers and inves-
tors. For example, as noted previously, for a callable bond, when the benchmark
curve shifts downward and interest rates are low relative to the bond’s coupon rate,
effective duration declines and effective convexity may even turn from positive to
negative. From an investor’s perspective, these results severely limit the bond’s price
appreciation in a declining interest rate environment. From the issuer’s perspective,
the bonds can be bought back at the call price and refinanced at lower market rates.

As for a putable bond, when the benchmark curve shifts upward and interest
rates are high relative to the bond’s coupon rate, both effective duration and effective
convexity decline (but effective convexity always remains positive), which, from an
investor’s perspective, limits the bond’s price depreciation in a rising interest rate
environment. This is because the investor can sell the bonds back to issuer at the put
price (typically par), rather than at a discounted price, and reinvest the proceeds at
the higher prevailing market rates.

A practical consideration in using effective duration and effective convexity is set-
ting the change in the benchmark yield curve. With approximate modified duration,
accuracy is improved by choosing a smaller yield-to-maturity change. The pricing
models used for more complex securities, such as callable bonds issued by corpora-
tions and asset-backed securities (ABSs), include assumptions about the behavior of
corporate issuers or the borrowers whose loans make up the underlying ABS assets
under different interest rate scenarios. For example, a corporate issuer’s decision
to call a bond and refinance depends in part on issuer-specific credit spreads. For
mortgage borrowers, changes in the value of the underlying asset financed will affect
the decision to refinance a mortgage and therefore call an MBS bond. Therefore,
estimates of interest rate risk using effective duration and effective convexity are not
necessarily improved by choosing a smaller change in benchmark rates. Curve-based
interest rate risk measures have become an important tool in the financial analysis of
not only traditional bonds but also financial liabilities.
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EXAMPLE 2

I

Using Effective Duration and Convexity to Estimate Bonds
Price Changes Given Benchmark Rate Changes

Continuing from Example 1, to bolster your recommendation that the portfolio
manager (PM) not buy the callable bond trading at 101.060, you want to demon-
strate the price impact of the bond’s negative effective convexity. You assume
the benchmark government par curve increases and decreases by 100 bps and
use Equation 3, with EffDur and EffCon estimates based on bond prices from
your option valuation model, to derive the following results:

« %APVFUll ~ (—7.601 x 0.01) + [ x —285.168 x (0.0100)2] = —9.03%.

« %APVFUl =~ (—7.601 x —0.01) + [ x —285.168 x (=0.0100)2] = 6.17%.

In discussing these results with the PM, you conclude that the negative effec-
tive convexity adds to the bond’s price decline when benchmark rates increase
and subtracts from the bond’s price rise when benchmark rates decrease. If the
PM’s forecast is an equal probability that the benchmark par curve will increase
or decrease, the PM would not invest. However, if the PM’s forecast is that the
probability for the benchmark decreasing is greater, such that expected gain is
greater than zero, she may decide to invest in the bond.

QUESTION SET [ f

Questions 1-5 relate to the following information:

As a fixed-income analyst, you are asked to consider the impact of the benchmark
government par curve shifting upward by 200 bps on two bonds, as part of an
internal stress scenario. From a bond pricing model, the following information
on effective duration and effective convexity were obtained.

Bond A: Effective duration = 9.369; Effective convexity = —353.752.

Bond B: Effective duration = 8.517; Effective convexity = —321.756.

1. Calculate the estimated percentage change in the full price of bond A for the
200 bps curve shift.

Solution:

%AP VUl = (= EffDur x ACurve) + [% x EffCon x (ACurve)z].

%P VFull = (9369 x 0.02) + [} x ~353.752 x (0.02)?].

%APVEUl =~ 25 81%,

2. Calculate the estimated percentage change in the full price of Bond B for the
200 bps curve shift.

Solution:

%AP VUl =~ (= EffDur x ACurve) + B x EffCon x (ACurve)z].

%P VFull = (-8.517 x 0.02) + [§ x ~321.756 x (0.02)?].

%APVEUl =~ 23 47%,
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3. Based on Questions 1 and 2, if both bonds were in a portfolio and a decision
to sell one of them had to be made in light of a forecast of sharply rising
interest rates, recommend Bond A or Bond B to sell. Justify your answer.

Solution:

Sell Bond A since it has the more negative percentage change in the full
price of the bond. For every 200 bps increase in the benchmark curve, the
full price of the bond drops 25.81%.

4. If you were forecasting the benchmark yield curve to shift downward by 200
basis points, recommend Bond A or Bond B to add to the portfolio in antici-
pation of the curve shift. Justify your answer.

Solution:

Add Bond A, since when you calculate the percentage change in the full
price for Bonds A and B, Bond A has the higher positive percentage change.
%APVFUl Bond A = (-8.517 x —0.02) + [2 x —321.756 x (—0.0200)2]

= 11.66%.

%APVTU! Bond B ~ (—8.517 x —0.02) + [¥4 x —321.756 x (—0.0200)?]
=10.60%.

5. Explain why the estimated percentage change in the price of the bond from
a 200 bps upward shift in the benchmark yield curve is more than twice the
estimated percentage change in the price of the bond from a 200 bps down-
ward yield curve shift.

Solution:

Because effective convexity is negative, an upward shift in the yield curve
results in a higher absolute price change than a downward shift in the yield
curve. For the upward shift, the duration contribution is positive and con-
vexity contribution is negative, offsetting each other.

KEY RATE DURATION AS A MEASURE OF YIELD CURVE
RISK

] define key rate duration and describe its use to measure price
sensitivity of fixed-income instruments to benchmark yield curve
changes

As we have seen, effective duration measures a bond’s sensitivity to changes in the
benchmark yield curve if all yields change by the same amount. Key rate duration
provides further insight into a bond’s sensitivity to non-parallel benchmark yield curve
changes. Key rate duration (or partial duration) is a measure of a bond’s sensitivity to
a change in the benchmark yield at a specific maturity. Such a measure is important
to isolate the price responses of bonds to changes in the rates of key maturities on
the benchmark yield curve.
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Key rate durations define a security’s price sensitivity over a set of maturities
along the yield curve, with the sum of key rate durations being equal to the effective
duration, as shown in Equations 4 and 5:

1 _ 4PV .

KeyRateDur, = —pj; % Arg 4)
71
Y KeyRateDury = EffDur, 5)
k=1

where r; represents the kth key rate. In contrast to effective duration, key rate
durations help identify “shaping risk” for a bond—that is, a bond’s sensitivity to
changes in the shape of the benchmark yield curve (e.g., the yield curve becoming
steeper or flatter or twisting).

The procedure for the calculation of key rate durations is similar to that used in
the calculation of effective duration, but instead of shifting the entire benchmark yield
curve, only key points on the curve are shifted, one at a time, as shown in Exhibit 3.
The kth key rate, which could be a 0.5-, 2-, 5-, 10-, 20-, or 30-year rate, is shifted up
(as shown in Exhibit 3) and down by 1 bp, and then new bond prices are generated
(PV, and PV_) and the key rate duration at that specific maturity is calculated using
Equation 4. Thus, the effective duration for each maturity point shift is calculated in
isolation.

Exhibit 3: Key Rate Shift
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Exhibit 4 depicts the process of successively shifting the benchmark rate up and
down at each of the key maturities along the benchmark yield to generate the key
rate duration at maturity.
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Exhibit 4: Key Rate Shifts across the Benchmark Yield Curve
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As for practical uses of key rate duration, the analyst may want to know how the price
of a callable bond is expected to change if short-term benchmark rates—for example,
the rate on the two-year Treasury note, with modified duration of 1.99—rise by 25 bps
but longer-maturity benchmark rates remain unchanged. Given that the yield curve
is upward sloping, this scenario represents a flattening of the curve.

Equation 6 rearranges terms from Equation 4 to solve for APV/PV (or %APVFul).

APL;/ = —KeyRateDur; x Ary. (6)
Using Equation 6, the expected estimated price change would be -0.4975%:
APVIPV =-1.99 x 0.0025.

Now, consider the simple portfolio of government bonds shown in Exhibit 5.

Exhibit 5: Simple Government Bond Portfolio

Tenor Annualized Modified Key Rate
(Years) Coupon Yield (%) Price Position Size Duration Duration
2 0.00 0.50 99.006 $99,006,219 1.990 0.711
5 0.00 1.25 93.960 $93,959,580 4.938 1.675
10 0.00 1.75 84.010 $84,009,625 9.828 2.981

$276,975,424 5.368 5.368

Assume the portfolio is weighted by the prices of the respective 2-, 5-, and 10-year
bonds for a total portfolio value of $293 million, or $1 million x (99.50 + 98.31 +
95.43). The portfolio’s modified duration is calculated as

5.345 =[1.991 x (99.5/293.2)] + [4.869 x (98.3/293.2)] + [9.333 x (95.4/293.2)].

Alternatively, we could calculate each key rate duration by maturity. For example, the
two-year key rate duration (KeyRateDur,) is

0.676 = 1.991 x (99.5/293.2).

Note that the three key rate duration values sum to the portfolio duration value of 5.345.

If we assume this portfolio represents an “index,” then a manager attempting to
outperform the index could vary (or tilt) the key rate durations to capitalize on her
view of expected changes in the shape of the benchmark yield curve, as demonstrated
in the following example.
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EXAMPLE 3

Using Key Rate Duration Estimate Interest Rate Risk for
Bonds in a Portfolio

Continuing from Example 2, the portfolio manager asks you to determine if
the bond portfolio may need rebalancing to improve overall return, given the
tenor of the portfolio’s bonds, key rate duration information, and forecasted
benchmark government par curve shifts at the various maturities. All four bonds
have the same benchmark government par curve. Current information for the
bonds are as follows:

Bond Tenor Position Size Key Rate Duration
A 1 year $200,565,245 0.645
B 5 years $201,042,132 1.483
C 10 years $202,673,298 2.158
D 20 years $202,588,801 2.982

Information on the forecasted benchmark government par curve changes at the
various maturities are as follows:

Maturity 1 year 5 years 10 years 20 years
Expected —23 bps —25 bps —18 bps —10 bps
change

If we take the product of the key rate duration and curve shift at a certain matu-
rity, we can forecast the change in the price of the bond. For example, for the
one-year maturity, this would be —0.645 x —0.0023 = 0.148%. The calculation
for all the bonds is shown below:

1year (Bond 5 years (Bond 10 years 20 years
Maturities A) B) (Bond C) (Bond D)
% change in 0.148% 0.371% 0.388% 0.298%

bond price

Therefore, since the forecasted price change in the bonds favor Bonds B and C,
it would be advisable to increase the weightings for these bonds, taking more
from the Bond A position than the Bond D position, since Bond A is forecasted
to give the least gain of all the bonds.

QUESTION SET [ f

Questions 1-3 relate to the following information.

The analysis you performed previously on the consideration of the impact of the
benchmark government par curve increasing by 200 bps on two bonds has now
been expanded for a more complicated scenario. You are asked to consider the
scenario of a non-parallel shift in the benchmark government par curve, where
a steepening of the curve is occurring at longer maturities. Below are the details
on non-parallel shifts to the benchmark government par curve:
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Maturity 1 year 5 years 10 years 20 years 30 years
Expected +100 bps +150 bps +200 bps +250 bps +300 bps
change

Relevant details on the two bonds are as follows:

Tenor Key Rate Duration
Bond A 5 years 2.702
Bond B 10 years 3.953

1. Based on the information above, identify which bond will have a greater
percentage change in its price due to the benchmark par curve shift.

Solution

Bond B.
For Bond A, APV/PV = -2.702 x 0.015 = —4.05%.
For Bond B, APV/PV = —3.953 x 0.020 = —7.91%.

2. If the values in the table above on the non-parallel yield curve shifts were
forecasts and your portfolio contains equal positions in the two bonds,
which of the following would be the best course of action?

A. Sell Bond A.
B. Sell Bond B.

(. Sell both Bond A and Bond B.
Solution

C is correct. Sell both Bonds A and B, since both are expected to see price
declines.

3. Explain why key rate durations might be useful for a portfolio manager even
though key rate duration values of the bonds in a portfolio sum to the port-
folio duration.

Solution

Knowing the portfolio duration and overall movement of the benchmark
yield curve can provide a quick estimate of gains or losses; however, by using
key rate durations, a portfolio manager can over- or underweight specific
tenors to maximize risk-adjusted return.

EMPIRICAL DURATION

] describe the difference between empirical duration and analytical
duration

The approaches taken so far to estimate duration and convexity statistics using math-
ematical formulas is often referred to as analytical duration; the measures we have
covered are summarized in Exhibit 6. Importantly, estimates of the impact of bench-
mark yield changes on bond prices using analytical duration implicitly assume that
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government bond yields and spreads are independent variables and are uncorrelated.
Analytical duration offers a reasonable approximation of the price—yield relationship
in many situations.

Exhibit 6: Curve-Based and Empirical Duration Measures

Measure Definition Interpretation

Approximate Estimates the slope of the line tan-  Yield-based method to estimate

Modified gent to a bond’s price—yield curve ~ modified duration

Duration

Effective Sensitivity of a bond’s price to a Curve-based method to estimate

Duration change in a benchmark yield curve  modified duration for complex

bonds with uncertain cash flows

Key Rate Measures bond sensitivity to a Partial duration statistic that gauges
benchmark yield change for a spe-  a bond’s sensitivity to non-parallel
cific maturity benchmark yield curve changes

Empirical Measure using historical data in Statistical estimate that accounts for

statistical models and incorporat-
ing factors affecting bond prices
to determine the price—yield
relationship

correlation between yield spreads
and benchmark yield-to-maturity
changes under different economic
scenarios

However, in practice, there is another important type of duration: Fixed-income
professionals often use historical data in statistical models that incorporate various
factors affecting bond prices to calculate empirical duration estimates (see Exhibit 6).
These estimates are calculated over time and in different interest rate environments
to inform the fixed-income portfolio decision-making process.

For instance, during crises, investors typically sell risky assets and purchase gov-
ernment bonds. Such a “flight to quality” can cause government benchmark yields to
fall while credit spreads widen. Exhibit 7 depicts the flight to quality during the onset
of the COVID-19 pandemic at the end of February 2020.

Exhibit 7: 10-Year US Treasury Yield vs. US Corporate BB Credit Spread, Q1

2020
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During such periods, we might expect analytical and empirical duration estimates to
differ. For a government bond with little or no credit risk, we would expect analytical
and empirical duration to be similar because benchmark yield changes largely drive
bond prices. Conversely, credit spreads (and liquidity spreads) would widen because
of an increase in expected default risk. Since credit spreads and benchmark yields
are negatively correlated under this scenario, wider credit spreads will partially or
fully offset the decline in government benchmark yields, resulting in lower empirical
duration estimates than analytical duration estimates (in other words, the expected
increase in a bond’s price from declining government benchmark yields is offset by a
decrease in price from widening credit spreads). Analysts must consider the correlation
between benchmark yields and credit spreads when deciding whether to use empirical
or analytical duration estimates.

EXAMPLE 4

Viswan Family Office’s Corporate Bond Portfolio—
Empirical vs. Analytical Duration

In addition to equity holdings, the Viswan Family Office (VFO) manages a
government bond portfolio and a corporate bond portfolio. Positions in the
government bond portfolio are mainly medium-term US Treasury securities
but also include debt of other highly rated developed-market sovereign issuers.
About half of the corporate bond portfolio is invested in investment-grade issues,
and the other half consists of high-yield issues, with a mix of maturities and a
mix of North American, European, and Asian companies.

Explain why empirical duration is likely to be a more relevant interest rate
risk measure for VFO’s corporate bond portfolio than for its government bond
portfolio.

Solution:

The government bond portfolio includes debt securities of the US government
and other highly rated developed-market sovereign issuers. Since benchmark
yields are the primary driver of changes in overall bond yields in this portfolio,
the results of analytical duration and empirical duration should be broadly similar.

The corporate bond portfolio includes a wide variety of debt securities with
varying levels of credit quality and liquidity risk and, therefore, different credit
and liquidity spreads.

Correlations between benchmark yield changes and the sizes of the credit
and liquidity spreads are negative, particularly during stressed market conditions,
such that during such times, lower benchmark yields are more than offset by
higher credit and liquidity spreads. So, for the lower-quality corporate bonds,
yields increase, which makes their empirical duration significantly lower than
their analytical duration.

Consequently, empirical duration, not analytical duration, is the more accu-
rate interest rate risk measure for the corporate bond portfolio.

QUESTION SET [ f

1. When comparing analytical duration and empirical duration, which
of the following statements is correct?

A. Empirical duration and convexity are estimated duration and convexity
statistics using mathematical formulas.
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B. Analytical duration and convexity are estimated using historical data
in non-statistical models that incorporate various factors affecting
bond prices.

(. Neither A nor B
Solution:

C is correct.

A is incorrect because it is analytical, not empirical, duration and convexity
that are measured using mathematical formulas.

B is incorrect because it is empirical, not analytical, duration and convexity
that are estimated using historical data in non-statistical models that incor-
porate various factors affecting bond prices.

2. True or false: Empirical duration estimates provide better estimates than the
analytical duration estimates for bonds that have credit risk.

Solution:

True. Macroeconomic factors drive government bond yields lower in a
market stress scenario, and the flight to safety will cause high-yield bond
credit spreads to widen because of an increase in expected default risk.
Since credit spreads and benchmark yields are negatively correlated under
this scenario, wider credit spreads will partially or fully offset the decline in
government benchmark yields. Analytical duration, however, assumes that
benchmark yields and spreads are uncorrelated. Empirical duration esti-
mates are a more accurate method of forecasting for bonds with credit risk.

3. Identify some of the challenges that may be encountered in estimating em-
pirical duration.
Solution:
Empirical duration estimation utilizes historical data based on multiple
factors. What factors to use and not use, what weight to give the factors,

and how to weight current data versus older data (e.g., the time period to
measure duration) are some challenges.
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PRACTICE PROBLEMS

The following information relates to questions
1-8

An investor’s well-diversified portfolio has $200,000 in cash. The investor aims
to invest in short-term, one-year Large-Cap Company bonds, prior to using the
cash to invest in an upcoming IPO. There are currently two Large-Cap Com-
pany bonds on the market to purchase, both with one-year maturities. One of
the bonds, Bond A, is a non-callable bond, while Bond B is a callable bond. As a
fixed-income analyst, you are asked to conduct an analysis.

1. For the two bonds offered by Large-Cap Company, which duration calculation
would be the most appropriate to use to measure interest rate risk?

A. Modified duration
B. Macaulay duration

C. Effective duration

2. For Bond B, as the benchmark yield curve declines, the slope of the line tangent
to the bond flattens as the benchmark yield declines and reaches an inflection
point, after which the effective convexity becomes:

A. positive.
B. negative.

C. neither positive nor negative.

3. 'The following information on Bonds A and B was obtained:

Effective Effective
Bond Duration Convexity
A 7.48621 29.35972
B 7.23852 -321.75618

Compare the interest rate risk of Bond A and Bond B.

A. Bond A is riskier than Bond B.
B. Bond B is riskier than Bond A.

(. Bond A and Bond B have approximately the same interest rate risk.

4. For the percentage price change for Bond A, given a 200 bp increase in bench-
mark yield, what part of the price change is of the most concern?

A. Duration
B. Convexity

(. Not able to determine with given information
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5. A colleague asks whether you also considered looking at the key rate durations
when comparing the interest rate risks of Bond A and Bond B. Would research
into key rate durations for Bond A and Bond B help you make a better decision
about the interest rate risk of the two bonds?

A. Yes
B. No

C. Inconclusive

6. The investor’s portfolio is diversified, and the fixed-income component of the
portfolio has bonds of various maturities, with a duration of 7.48621. What
would happen to the effective duration of the fixed-income component of the
investor’s portfolio if Bond A is added to the portfolio?

A. It would increase.
B. If would decrease.

C. It would stay the same.

7. For the two bonds under consideration, would analytical duration estimates or
empirical duration estimates be most appropriate in conducting your analysis?

A. Analytical duration estimates
B. Empirical duration estimates

(. Either type of estimate would be appropriate.

8. What impact would a “flight to safety” (i.e., government bond yields falling and
credit spreads widening) have on the analytical duration estimate of Bond A?

A. Decreased duration
B. Increased duration

C. No impact
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SOLUTIONS

1. Cis correct. Since Bond B is callable, it has an embedded option, and effective
duration is the most appropriate duration measure. Effective duration also works
on bonds without embedded options and would allow the analyst to compare the
interest rate risk of the two bonds.

2. Bis correct. Since the bond is callable, after a certain point on the yield curve,
the issuer will exercise the call and the owner will not be able to realize additional
gains from declines in the benchmark yield curve.

3. Bis correct. Bond B is riskier since the 200 bps upward shift in the yield curve
results in a greater percentage price decrease, owing to its negative effective
convexity:

%APVFUl Bond A ~ (—7.48621 x 0.0100) + [ x 29.35972 x (—0.0100)2]
=-7.33941%.

%APVFU! Bond B ~ (—7.23853 x 0.0100) + [14 x —321.75618 x (0.0100)?]
= —8.84730%.

4. A is correct. Typically, the effect of duration is much larger than the effect of
convexity.

%APVFul Bond A, Duration = —7.48621 x 0.0200 = —14.97242%.

%APVF! Bond A, Convexity Adjustment ~ ' x 29.35972 x (—0.0200)?
=-0.58719%.

5. Bis correct. Since both bonds mature in one year, key rate duration analysis
would not give you any additional insight, since both bonds would undergo the
same shift in the curve.

6. Cis correct. Bond A has the same effective duration as the portfolio effective
duration.

7. Bis correct. Since both Bond A and Bond B are corporate bonds, they have credit
risk, and as such, empirical duration would be the most appropriate because
benchmark yields and credit spreads may not be positively correlated.

8. Cis correct. There would be no impact on the analytical duration estimate. How-
ever, an empirical duration estimate would be impacted. A flight to safety would
result in an increase in the bond price due to the falling benchmark yield being
offset by widening credit spread. This would lead to a lower empirical duration
than analytical duration.
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LEARNING MODULE

14

Credit Risk

LEARNING OUTCOMES
Mastery | The candidate should be able to:
] describe credit risk and its components, probability of default and
loss given default
] describe the uses of ratings from credit rating agencies and their
limitations
] describe macroeconomic, market, and issuer-specific factors that

influence the level and volatility of yield spreads

INTRODUCTION

Credit analysis plays a critical role in fixed-income markets. Proper evaluation and
pricing of credit risk facilitates the efficient allocation of capital. This is a dynamic
process as credit risk components are continuously re-evaluated and fixed-income
instruments repriced according to market conditions. This learning module covers
the basic principles of credit analysis. First, we introduce the concepts of credit risk
and expected loss and interpret what credit ratings mean. We compare bond issuer
creditworthiness within a given industry as well as across industries, and we explore
how financial markets price credit risk. This lesson focuses primarily on the analy-
sis of credit risk, while subsequent lessons discuss credit analysis of sovereign and
non-sovereign government issuers as well as corporate debt

LEARNING MODULE OVERVIEW %

= Credit risk is the risk of economic loss resulting from borrower
failure to make full and timely payments of interest and prin-
cipal. The key components of credit risk are the probability of default
and the loss given default, and their product is expected loss.

= Chief sources of credit risk include adverse macroeconomic condi-
tions, a financing mismatch between resources and obligations, and
issuer-specific factors in corporate and sovereign debt markets.

= Nearly every bond issue in developed debt markets carries credit rat-
ings classifying creditworthiness. Credit ratings enable comparisons of
the credit risk of debt issues and issuers within and across industries.
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= Bonds or issuers with an investment-grade (IG) credit rating pose the
lowest risk of default and are rated Baa3 by Moody’s and BBB- or
higher by S&P and Fitch. In contrast, non-investment-grade or high-
yield (HY) bonds or issuers are rated BB+ or lower by S&P/Fitch and
Bal or less by Moody’s and represent substantial to very high credit
risk.

= Ditfalls of relying solely on credit ratings in making investment deci-
sions include that rating agency decisions may lag market pricing of
credit risk, overlook key financial risks, and/or involve miscalculations
or unforeseen changes not fully captured in a rating agency’s for-
ward-looking analysis.

= The premium, or yield spread, at which corporate bonds trade relative
to default risk-free assets widens when credit risk rises and narrows if
credit risk falls.

= Credit spread changes affect holding period returns via two primary
factors: a) the basis point spread change and b) the sensitivity of price
to yield as reflected by end-of-period modified duration and convexity.
Spread narrowing increases holding period returns.

LEARNING MODULE SELF-ASSESSMENT y

These initial questions are intended to help you gauge your current level
of understanding of this learning module.

1. Credit risk is:

A. activated upon a borrower’s default.
B. the spread an investor receives above the risk-free rate.

(. experienced in several ways by lenders.
Solution:

The correct answer is C. Lenders are impacted by credit risk in several

ways, including failure to receive principal and interest payments in a timely
manner, the inability to sell collateral at a market price sufficient to meet an
issuer’s obligations in the case of secured debt, or the potential incurrence of
legal or other costs to collect debt. A is incorrect because while a borrower
default initiates a realized loss, expected loss exists prior to the occurrence
of any actual loss. B is incorrect because it refers to the credit spread, which
compensates investors for assuming credit risk.

2. A EUR500,000 loan has the following characteristics:

= Probability of default 5%

s Collateral EUR100,000

= Recovery rate 90%

= Expected exposure EUR400,000

The expected loss for this loan in event of default is:

A. EUR1,500
B. EUR2,000
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C. EUR20,000
Solution:

The correct answer is A. We solve for expected loss (EL) as follows:
EL = POD x (EE — Collateral) x (1 — RR).

Since probability of default (POD) is 5%, expected exposure (EE) is
EUR400,000, collateral is EUR100,000, and the recovery rate (RR) is 90%:

EL = EUR1,500 = 0.05 x (400,000 — 100,000) x (1 —0.9).

B is incorrect as it fails to reduce the expected exposure by the collateral,
while C is incorrect as it simply multiplies EE and POD.

3. Credit ratings are:

A. developed on behalf of investors.

B. asymbol-based measure of the potential default risk of a bond issue or
issuer.

(. measures of credit risk that are used to determine bond market
pricing.
Solution:
The correct answer is B: Credit ratings are a symbol-based measure of the
potential default risk of a bond issue or issuer. A is incorrect because credit
ratings are developed on behalf of the issuer. C is incorrect because credit
ratings are not used to determine bond prices.

4. Which of the following statements best describes risks that are difficult to
capture in credit ratings?

A. Environmental risks are captured by ESG ratings rather than credit
ratings.
B. Debt-financed acquisitions are usually captured in credit ratings.

(. Split ratings demonstrate that credit rating agencies may view complex
risks very differently.
Solution:

The correct answer is C. A is incorrect as environmental risks may affect
credit ratings. B is incorrect since debt-financed acquisitions are difficult to

anticipate.

5. Determine the correct answers to fill in the blanks: Spreads are at
or near the top of the credit cycle, when market participants perceive credit
risk to be at its lowest; they are at or near the bottom of the

credit cycle, when financial markets believe credit risk has reached its peak.
Solution:

Spreads are narrowest (or lowest) at or near the top of the credit cycle,
when market participants perceive credit risk to be at its lowest; they are
widest (or highest) at or near the bottom of the credit cycle, when financial
markets believe credit risk has reached its peak.

6. A portfolio manager assessing a downside case believes that HY bond
spreads will rise 100 bps in a recession. If an observed HY bond has modi-
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fied duration of 4.5 and reported convexity of 0.23, the expected change in
the HY bond’s price under this scenario would be closest to:

A. —-4.5%.

B. -4.385%.

¢ -4.615%.
Solution:

The correct answer is B. Bond price changes based upon modified duration,
convexity, and the spread change are calculated as follows:

%APVFUll = —(AnnModDur x ASpread) + “2AnnConvexity x (ASpread)?.

With AnnModDur = 4.5 and reported convexity of 0.23, rescaling convexity
to 23 and substituting values to solve for spread results in

APVFUll = — (4.5 x 1.00%) + % (23) x (1.00%)>

APVFUll = —4 3850,

SOURCES OF CREDIT RISK

describe credit risk and its components, probability of default and
loss given default

[

Fixed-income investors face credit risk, a form of performance risk in a contractual
relationship. A borrower that fails to meet its promised interest and/or principal pay-
ment obligations under a bond or loan contract is said to be in default. A fixed-income
investor seeks compensation for the expected economic loss under a potential borrower
default over the life of the contract known as credit risk.

Credit risk depends upon specific factors related to the borrower itself as well as
general economic conditions and is subject to change over the life of the contract.
Credit risk exposes the lender or investor to potential losses and underperformance.

Traditionally, many analysts evaluated creditworthiness based on what are often
called the “Cs of credit analysis,” as shown in Exhibit 1:
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Exhibit 1: The Cs of Credit Analysis
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Five of these criteria—capacity, capital, collateral, covenants, and character—are related
to the specific bottom-up factors applicable to an individual borrower. Capacity refers
to the ability of the borrower to make its debt payments on time. Capital addresses
other company resources available that reduce reliance on debt. Collateral refers to the
quality and value of the assets supporting the issuer’s indebtedness, while covenants
are the legal terms of debt agreements that an issuer must comply with. Character
refers to the quality of management and the willingness of repay indebtedness.

While capacity and capital are generally quantitative metrics based on financial
statements, collateral, covenants, and character are largely qualitative measures that
analysts assess based on historical company performance, credit relationships and
the reputation of current management.

The remaining three criteria—conditions, country, and currency—involve general
top-down factors that apply to all borrowers to a greater or lesser extent. Conditions
refers to the general economic, competitive, and business environment faced by all
borrowers that may affect their ability to service or refinance debt. Country involves
the geopolitical environment as well as the legal and political system faced by all issuers
in a jurisdiction that may affect debt payment. Currency affects issuers whose cash
flows are affected by exchange rate changes or who borrow in a currency outside of
their jurisdiction, such as sovereign issuers with foreign currency debt.

A borrower’s inability to make timely payments may be due to several underlying
and contributing factors, but it ultimately results from a lack of sufficient cash available
to make a current debt payment. Lenders, as fixed-income investors, are impacted
by credit risk. They may lose some or all of the principal and interest due, suffering a
capital loss or income shortfall. This disruption to their cash flows may impact their
own ability to repay debt, and payment delays as well as increased legal and collection
costs may further reduce their income and margins.
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Sources of Credit Risk

Changes in credit risk due to issuer-based or overall economic conditions are affected
by the source of repayment, which differs among issuer types. Exhibit 2 shows the
main sources of repayment for corporate and sovereign bonds.

Exhibit 2: Sovereign and Corporate Bond Sources of Repayment

Operating
Cash Flows
Bond
Investor

Secured
Corporate Bond

|

Collateral
Cash Flows
or Sale

Y

Operating Unsecured Bond
>
Cash Flows Corporate Bond Investor
Tax Sovereign Bond
_
Revenues Bond Investor

A corporation may not generate sufficient cash flow from its operations, financing
activities, and investments to make timely payments on its debt, increasing the risk of
default. Similarly, a sovereign borrower may not generate sufficient revenue through
taxes, incomes, and fees to make timely payments.

Borrowers that lack the resources to meet debt obligations as they come due
are often described as illiquid. An illiquid borrower is unable to raise the necessary
funds to fulfill a debt obligation. They may not be able to tap credit lines, sell assets,
or otherwise raise funding to make a timely debt payment. That is different from an
insolvent borrower whose assets are worth less than its liabilities. An illiquid borrower
just does not have, or is unable to secure, the liquidity needed to make timely payment.

Credit risk analysis focuses on understanding how a borrower generates cash,
how and when cash is used, and what events and risks may impede the borrower’s
ability to repay the debt. In earlier lessons, we encountered unsecured debt, where
the primary source of repayment is the cash flow generated by the business. In the
case of secured debt, the primary source of repayment remains the firm’s cash flows,
but it is also supported by collateral pledged by the company. The following example
involves an investor considering an unsecured bond versus a secured bond.

EXAMPLE 1

Risk Comparison of BRWA and VIVU Notes

The hypothetical car manufacturer Bright Wheel Automotive (BRWA) is an
investment-grade (IG) issuer with ready access to unsecured debt, while Vivivyu
Inc. (VIVU) is a hypothetical high-yield (HY) issuer that borrows on a secured
basis. Let us compare 3.2% senior unsecured and unsubordinated BRWA notes
to 6.5% secured unsubordinated VIVU notes. Consider BRWA'’s debt profile:
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BRWA Corporation Debt Profile

Debt
Outstanding/
Availability

Unsecured
364 Day
- Facility

1

If BRWA fails to make an interest or principal payment on the note, BRWA
is in default. Since its bonds are unsecured and unsubordinated obligations with
pari passu and cross-default language in its bond indenture, failure to repay
unsecured indebtedness means that all its debt obligations are in default and
investors must rely on BRWA’s general asset pool to satisfy their obligations,
as shown below.
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As an HY issuer, on the other hand, VIVU is limited to secured debt market
access, as shown in its debt profile.

VIVU Debt Profile

Debt
Outstanding/
Availability

Secured
Working
Capital
Facility

Secured
2-year
Credit
Facility

Five-Year
Term Loan

A

MRR + 200 bp

Y

6.5% VIVU
Seven-Year
Callable Notes

Years to

1

2 5

Note: MRR stands for market reference rate.

30

Maturity
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VIVU’s failure to make timely payments due on the note will also result in
default. The pari passu clause and cross-default language in its bond indenture
with other unsecured indebtedness also sends all VIVU debt obligations into
default. While all of VIVU’s debt investors have access to any unpledged assets,
specific pledged assets serve as a secondary source of repayment for specific
debt, as shown below.

Secured claims
(pari passu)

5
Secured Working Secured 2-Year 6.5% VIVU
Capital Facilit Credit Facilit Term Loan A Seven-Year
’ ’ / MRR +200 bp Callable Notes

|
|
|
| Five-Year
|
|
|

A

L = =

Y

Pledged Pledged
Inventory Assets

In this example, VIVU’s secured claims include its working capital facility
secured by short-term assets (in this case inventory), while its long-term secured
debt including the callable notes are backed by a claim to specific long-term
assets pledged. As a secondary source of repayment, only when the value of the
pledged assets falls below the total amount of pari passu secured debt will VIVU
noteholders begin to suffer a credit loss.

While the likelihood of default for investment-grade borrowers, such as
BRWA, is typically well below that of a high-yield issuer such as VIVU, the
investor’s loss in the event of a default for secured debt is usually lower than
unsecured debt due to the secondary source of repayment for secured bonds.

We encountered the Government of Romania’s EUR1.95 billion 30-year debt issue
in an earlier lesson. For a sovereign government, the right to tax economic activity
within its borders means that the sources of repayment are the personal and corporate
income taxes, sales taxes, and other revenue generated by the government. In the spe-
cific case of Romania’s EUR-denominated debt, the government’s ability to generate
reserve currency cash flows based upon its institutional and economic profile, use of
monetary and fiscal policy, and exchange rate regime are additional considerations.

The main borrower types and their primary sources of repayment and credit risk
are listed in Exhibit 3.
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Exhibit 3: Borrower Types, Sources of Repayment, and Sources of Credit Risk

Primary Source of Cash Flow Secondary Source of Cash

Borrower Type Generation Flow Generation Sources of Credit Risk
Corporate = Business operations = Asset sales = Economic contraction
= Investment and financing = Divestitures = Strategic shifts in the business
activities » Additional debt issuance and market environment

= Equity issuance

Sovereign or public = Corporate and personal = Newly issued debt
entity income taxes, sales tax and .
VAT revenue, capital gains
and wealth-based taxes

Sale of public assets,
privatization

= Tariffs, fees, and other gov-
ernment revenue

= Increased competition

= Reduced pricing power

= Shrinking operating margins,
increased losses

= Excessive debt service needs

= Economic contraction

= Political uncertainty

= Excessive debt service needs

= Expansionary economic
policies

= Budget deficits

= Tax cuts

= Limited ability to collect taxes

While many factors affect the primary and secondary sources of repayment for different
fixed-income issuers, investors seek to measure and compare credit risk among different
borrowers for similar maturities as well as across maturities for the same borrower.

For example, consider the comparison of BRWA and VIVU notes in Example 1.
If we set aside both the VIVU maturity difference and call feature (which the issuer
may exercise any time from year three through maturity in year seven) by assuming
a similar expected maturity to the BRWA bond for the time being, compare the 6.5%
VIVU debt coupon to the 3.2% fixed rate of the BRWA bond. How can we assess
whether the additional 3.3% (= 6.5% — 3.2%) in interest adequately compensates an
investor for the additional risk? We turn to measures of credit risk, which help answer
this question in the next section.

Measuring Credit Risk

Fixed-income investors face credit risk, or the risk that an issuer does not make prom-
ised interest and principal payments. This probability-weighted shortfall known as
the expected loss (EL) for a given period has two components, as shown in Exhibit 4.
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Exhibit 4: Components of Credit Risk

Expected Total projected exposure
Exposure (EE) under event of default
Recovery Percentage of loss
Rate (RR) recovered in default

_ Loss Given Amount of loss

EE x (1-RR) = LGD} Default (LGD) if a default occurs
Probability of Conditional probability of borrower
Default (POD) default (assuming no prior default)

LGD x POD = EL Expected Probability-weighted
Loss (EL) amount of loss

The first is known as the probability of default (POD), which is the likelihood that an
issuer fails to make full and timely payments of principal and interest. The probability
of default is typically an annualized measure.

The second component is the loss given default (LGD), or the investor’s loss
conditional on an issuer event of default. The loss given default combines the severity
of loss under a default scenario with the amount of the investor’s claim at the time
of default. The recovery rate (RR) represents the percentage of an outstanding debt
claim recovered when an issuer defaults, while the loss severity of (1 - RR) represents
the unrecovered portion of the claim. The size of the investor’s claim at the time of
default is known as the expected exposure (EE) or exposure at default (EAD). This
is the amount an investor may expect to lose in the case of default, which is usually
equal to the loan or bond face value plus accrued interest less the current market
value of available collateral. In most instances, in the event of default, bondholders
will usually recover some proportion of their investment.

The expected loss is shown in Equation 1:

EL = POD x LGD, (1)

where LGD = EE x (1 — RR).

The LGD can be expressed either in currency terms (e.g., EUR450,000) or as a
percentage of principal (e.g., 45%). The latter form of expression is more useful for
analysis since it allows comparison across borrowers and investments of different sizes.

One way to interpret the expected loss on a fixed-income security for a given
period is to compare it to the compensation an investor expects for taking on the
credit risk of a borrower over that period, which is the credit spread. Recall from an
earlier lesson that the G-spread is equal to yield spread in basis points over an actual
or interpolated government bond. This approximation may be expressed as follows:

Credit Spread ~ POD x LGD. 2)

Therefore, we can say that the investor is fairly compensated if the expected loss is
equal to the credit spread for a given period. The following example uses this infor-
mation to assess the expected loss versus compensation for the BRWA and VIVU
bonds from Example 1.
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EXAMPLE 2

Comparing Expected Loss and Credit Spreads

Recall from Example 1 that Bright Wheel Automotive (BRWA) issued an unse-
cured five-year bond with a 3.2% fixed coupon. The yield-to-maturity difference
between BRWA's five-year bond and the comparable US Treasury bond is 90 bps
(= 3.2% — 2.3%), which reflects BRWA’s credit spread over Treasuries, known
as the G-spread. Vivivyu Inc. (VIVU) issued a 6.5% fixed-rate bond, which the
issuer has the right to call at a fixed price any time from three years from the
issuance date until final maturity in seven years.

1. Assuming the BRWA bond has a probability of default of 1% and a loss given
default of 80%, estimate whether BRWA bond investors are adequately com-
pensated for assuming BRWA credit risk.

Solution:
Using Equation 1, we may solve for BRWA’s expected loss in percentage
terms as follows:

EL = POD X LGD, or 0.8% = [0.01 x 80%].

Given BRWA's credit spread of 0.9%, we may conclude based upon the ap-
proximation in Equation 2 that BRWA investors are fairly compensated for
assuming the credit risk since:

Credit Spread > POD x LGD.

Investors earn a 90 bps spread per year and have an expected loss of 80 bps
per year.

2. If we assume that VIVU has issued a five-year non-callable bond, as in the
case of BRWA, with a probability of default of 6% and a loss given default
of 50%, compare investor compensation for assuming the credit risk of the
6.5% VIVU debt coupon to that of the 3.2% fixed rate of the BRWA bond.
Solution:

Using Equation 1, we may solve for VIVU'’s expected loss in percentage
terms as follows:

EL = POD x LGD, or 3.0% = [0.06 x 50%].

We may calculate VIVU's five-year credit spread by subtracting its 6.5%
coupon from the 2.3% five-year US Treasury to solve for a G-spread of 4.2%.
Based upon the approximation in Equation 2, we may conclude that VIVU
investors are fairly compensated for assuming the credit risk since:

Credit Spread > POD x LGD.

Investors earn a 420 bps per year spread and have an expected loss of 300
bps per year.

3. How would the determination of the spread as well as investor’s view of the
risk versus compensation for the VIVU bond change from Question 2 if we
consider the VIVU bond’s actual maturity and call feature with the original
6.5% coupon?

Solution:

VIVU investors face both call risk and greater maturity risk on the original
bond terms versus a five-year, non-callable bond. As described in earlier
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lessons, bonds callable at a fixed price prior to maturity are advantageous to
issuers and disadvantageous to investors, so investors expect to be compen-
sated via a higher yield versus a similar non-callable bond given the uncer-
tain maturity and limited price appreciation known as call risk. This op-
tion-adjusted yield is the required market discount rate for which the bond’s
price is adjusted for the value of the embedded option. Investors would also
expect to be compensated for a longer time to maturity with a higher credit
spread.

We may further consider the drivers of expected loss for BRWA’s unsecured
investment-grade debt as compared to VIVU’s secured high-yield debt in Example 2.
The POD is driven by an issuer’s ability to service debt based on both qualitative and
quantitative factors, including:

= DProfitability: Stable, predictable cash flows and profits;

= Coverage: Sufficient cash flows/profits to make debt payments; and

= Leverage: Relative reliance on debt financing.

Higher profitability (as measured, for example, by EBIT margin) and higher cover-
age (EBIT to interest expense) coupled with lower leverage (debt to earnings or cash
flow ratios, such as debt/EBITDA or cash flow to net debt) are associated with lower
POD and higher credit quality. While financial ratios are one of several factors used
to assess credit risk, and their relative level by rating category varies widely across
industries and over time, Exhibit 5 provides a generic example of these relationships.

Exhibit 5: Key Financial Ratios for Corporate Credit Risk and Ratings

EBIT Margin EBIT to Interest Expense
30% Aaa
20 Aaa
20%
10 A
Baa Ba
10% B
0
0%
Debt to EBITDA Cash Flow to Net Debt
8x
100%
6x Aaa
4x
50%
3x A
ox Baa
1x B |__ Caa

0%
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As Exhibit 5 shows, changes in profitability (EBIT margin), coverage (EBIT to inter-
est expense), and leverage (debt/EBITDA and cash flow to net debt) ratios over time
may result in ratings upgrades or downgrades as well as changing credit spreads. The
LGD for a given exposure, on the other hand, is largely a function of the nature and
seniority of a creditor’s claim in a default scenario, as shown in Exhibit 6:

Exhibit 6: Seniority and LGD

Seniority

Highest Ranking

Secured Debt
Lower LGD

Unsecured Debt
Higher LGD

Lowest Ranking

For investors in unsecured investment-grade bonds or loans with a high LGD, the
greatest risk of expected loss arises due to a rise in POD. On the other hand, high-yield
investors expecting a greater likelihood of default seek to minimize EL by seeking
covenant restrictions and/or security to lower LGD.

QUESTION SET y

1. Determine the correct answers to fill in the blanks: The two com-
ponents of credit risk are the , typically measured over
a 12-month horizon, and the , which together with the
recovery rate determine the

Solution:

The two components of credit risk are the probability of default, typically
measured over a 12-month horizon, and the exposure at default (or ex-
pected exposure), which together with the recovery rate determine the loss
given default.

2. Which of the following statements best describes the difference between
unsecured and secured debt obligations in the event of issuer default?

A. Unsecured debtholders only have access to issuer cash flows, while
secured debtholders only have access to specific pledged assets.

B. Both unsecured and secured debtholders have access to unpledged
assets, while only secured debtholders have access to specific pledged
assets as a secondary repayment source.
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C. Only unsecured debtholders have access to pledged assets, while only
secured debtholders have access to specific pledged assets.
Solution:

B is correct. While all debtholders receive interest and principal payments
from issuer cash flows, in an event of default both unsecured and secured
debtholders have access to unpledged assets, while only secured debtholders
have access to specific pledged assets as an additional repayment source.

3. Which of the following factors are associated with a lower probability of
default and higher credit quality for a corporate issuer?
A. Higher profitability, higher coverage, and higher leverage
B. Higher profitability, lower coverage, and lower leverage

(. Higher profitability, higher coverage, and lower leverage
Solution:

C is correct. Higher profitability, higher coverage, and lower leverage are
associated with a lower probability of default and higher credit quality for a
corporate issuer.

4. A bond investor analyzing Broadvue Corporation’s unsecured debt esti-
mates a POD of 2% and an LGD of 80%. Using this information to approxi-
mate the annual credit spread and observing an actual credit spread of 200
bps per year, which of the following statements is correct?

A. An investor would be fairly compensated for assuming Broadvue’s
credit risk.

B. An investor would be less than fairly compensated for assuming
Broadvue’s credit risk.

C. An investor would be more than fairly compensated for assuming
Broadvue’s credit risk.
Solution:

C is correct. Since POD x LGD = 1.60% and the credit spread is 2.00%,
Credit Spread > POD x LGD and the investor would expect to be more than
fairly compensated for assuming Broadvue’s credit risk.

CREDIT RATING AGENCIES AND CREDIT RATINGS

[

describe the uses of ratings from credit rating agencies and their
limitations

)

The three major credit rating agencies—Moody’s Investors Service (“Moody’s”),
Standard & Poor’s (“S&P”), and Fitch Ratings (“Fitch”)—play a central role in the
credit markets. The rating agencies independently assess issuer credit risk on a
forward-looking basis using quantitative and qualitative analysis. For most outstanding
corporate and sovereign bonds, at least two of the agencies provide credit ratings, a
symbol-based measure of the potential risk of default of a particular bond or issuer
of debt.
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Many bond investors use credit ratings to provide direct and easy comparability of
the relative creditworthiness of all bond issuers, within and across industries and bond
types, although there is some debate about ratings comparability across the types of
bonds. Changes in credit ratings provide a broad overview of changing credit market
conditions. In individual bond or issuer cases, they may trigger covenants, changes to
debt pricing for step-up bonds, or other contractual clauses. Credit migration risk,
or downgrade risk, is the risk that a bond issuer’s creditworthiness deteriorates, or
migrates to a lower rating, leading investors to believe the risk of default is higher.
Credit ratings are also widely used to satisfy regulatory, statutory, and contractual
requirements.

Ratings are issued on behalf of the issuer. To issue a rating, the rating agencies often
meet with the issuer and in some cases receive access to material non-public infor-
mation, such as financial projections unavailable to public investors. Rating agencies
monitor the ongoing performance of debt issuers once a rating is issued, adjusting
ratings higher as credit risk decreases or lower if a default is deemed more likely. In
addition, credit agencies may issue a positive or negative outlook as creditworthiness
improves or deteriorates but a rating change is not yet warranted.

A rating agency’s forward-looking analysis may overlook or underestimate key
financial risks. For example, rating agencies were widely criticized for contributing to
the Global Financial Crisis of 2008—2009 given what came to be seen as overly opti-
mistic ratings on subprime mortgage-backed securities following the sharp decline
in housing prices. This led to regulatory attempts to reduce the dominant role of the
major credit rating agencies. As a result of these new rules, regulations, and legisla-
tion, credit rating agencies have become more transparent and reduced their conflicts
of interest. Additional credit rating agencies have emerged both globally and locally.
Some credit rating agencies are well-established in their home markets but are less
well-known globally, such as Dominion Bond Rating Service (DBRS) in Canada and
Japan Credit Rating Agency (JCR) in Japan. The market dominance of the largest
credit rating agencies and the prevalence of the “issuer pay” model, however, remain
largely intact and unchallenged.

Credit Ratings

The three major global credit rating agencies use similar, symbol-based ratings that
assess a bond issue’s risk of default and the potential loss the investor may suffer.
Exhibit 7 compares their long-term rating scale ranked from highest to lowest. These
are ratings for bonds with a maturity exceeding one year. Ratings on short-term debt
follow a similar logic but are not shown here.
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Exhibit 7: Long-Term Rating Matrix: Investment Grade vs. Non-Investment Grade

Moody's S&P Fitch Rating Grade Description
Investment Grade High-Quality Grade Aaa AAA AAA Highest credit quality, lowest level of

credit risk

Aal AA+ AA+ Very high credit quality with very low
level of credit risk

Aa2 AA AA

Aa3 AA- AA-

Upper-Medium Grade Al A+ A+ High credit quality with low level of
A2 A A credit risk
A3 A- A-
Low-Medium Grade Baal BBB+ BBB+ Good credit quality with moderate
Baa2 BBB BBB level of credit risk
Baa3 BBB- BBB-
Non-Investment Low Grade or Bal BB+ BB+ Speculative with substantial credit risk
Grade Speculative Grade Ba2 BB BB
(“Junk” or “High Ba3 BB BB
Yield”) a - -

B1 B+ B+ Highly speculative with high credit
risk

B2 B B

B3 B- B-

Caal CCC+ Substantial credit risk with default as a
Caa? CcCC cCcC real possibility
Caa3 CCC-

Ca CC CC Very high levels of credit risk with
default either occurring or about to
occur

Ca C C Default or default-like process has
begun

Default C D D In default (entered bankruptcy filings,

administration, receivership, liqui-
dation, or other formal winding-up
procedure) with little prospect for

recovery of principal or interest

Aaa or AAA rated bonds are triple-A and are “of the highest quality, subject to the
lowest level of credit risk” Bonds rated Baa3/BBB— or higher are called “investment
grade” Bonds rated Bal or lower by Moody’s and BB+ or lower by S&P and Fitch,
respectively, are considered speculative credit and increasingly higher default risk. These
types of bonds are also referenced as: “low grade,” “speculative grade,” “non-investment
grade,” “below investment grade,” “high yield,” and more colloquially to specifically
emphasize their inherent riskiness, “junk bonds” The D rating is reserved for securi-
ties that are already in default in S&P’s and Fitch’s scales. For Moody’s, bonds rated C
are likely, but not necessarily, in default. Issuers of bonds rated investment grade are
generally more consistently able to issue debt and can borrow at lower interest rates

than those rated below investment grade.
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In comparison to high-yield bonds, investment-grade bonds have a lower risk
profile, are less negatively affected by adverse economic and market conditions, and
are more appropriate for institutional portfolios that face quality restrictions.

Credit Rating Considerations

While credit rating agencies perform a useful market function by classifying bonds
based upon relative credit risk, market participants usually conduct their own analysis
rather than exclusively relying on ratings when choosing investments. Sole reliance
on credit ratings in making investment decisions includes pitfalls, such as the poten-
tial for rating agency decisions to lag market pricing of credit risk, overlook relevant
financial risks, or involve miscalculations or unforeseen changes not fully captured
in a rating agency’s forward-looking analysis. It is important for investors to perform
their own research and draw their own conclusions regarding the credit risk of a given
debt issue or issuer, particularly for investors in high-yield bonds or bonds that face
a potential downgrade.

Credit ratings tend to be sticky and lag market pricing of credit risk.

= Bond prices and credit spreads often move faster than rating agencies
change their ratings (or ratings outlook) in response to changes in perceived
creditworthiness. Credit spreads change daily, whereas bond ratings, appro-
priately, change less frequently. Even over long time periods, however, credit
ratings may lag changes in bond prices. Moreover, particularly for certain
speculative-grade credits, two bonds with similar ratings may trade at very
different credit spreads. This may result from the fact that credit ratings
seek primarily to assess the expected loss, whereas for distressed debt, pric-
ing is focused more on default timing and expected recovery rates.

= While ratings outlooks suggesting a possible future upgrade or downgrade
are more closely aligned with market conditions, bond investors who wait
for rating changes before making buy and sell decisions may underperform
other investors who make portfolio decisions in advance of rating agency
changes.

Some risks are difficult to capture in credit ratings.

= Examples include litigation risk, environmental risk, and natural disasters.
Leveraged transactions, such as debt-financed acquisitions (i.e., changes
in the capital structure through large stock buybacks), are often difficult
to anticipate and thus to capture in credit ratings. Rating agencies may
view complex risks very differently, resulting in divergent or split ratings
between the agencies. For example, when WeWork Inc., a US-based real
estate private start-up company with an asset light business model and neg-
ative cash flow, issued unsecured debt for the first time in 2018, it was rated
BB- by Fitch, B+ by S&P, and Caal by Moody’s.

Ratings may involve miscalculations or unforeseen changes not fully captured in
a rating agency’s forward-looking analysis.

= As mentioned earlier, credit rating agency analyses failed to anticipate
the sharp decline in housing prices that led to the default of highly rated
subprime mortgage bonds during the Global Financial Crisis of 2008—2009.
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Historical examples of complex accounting fraud that supported high issuer
credit ratings for companies that subsequently defaulted, include Enron and
WorldCom in the United States and Wirecard AG in Germany.

Example 3 highlights these considerations using the example of Wirecard AG.

EXAMPLE 3

Wirecard AG Ratings and Bond Prices

Wirecard AG is a German payments firm that issued unsecured debt in 2019 and
was subsequently declared insolvent in June 2020 due to complex accounting
fraud described in detail later in the curriculum. The price of Wirecard’s bonds
from issuance until insolvency is shown below:

Wirecard 0.5% Coupon 2024 Maturity Bond Price (% of Par)

WDIGR O % 09711/ ctions - 17 Edit - Line Chart
03 I M YD IV S Mo |Daily R Guick A - IR < A i Con &

Source: Bloomberg.

Moody’s initiated its coverage of Wirecard AG by issuing a Baa3 long-term
issuer rating in August 2019. The company’s debut public bond offering of
EURS500 million in five-year senior unsecured debt with a fixed annual coupon
of 0.5% was priced just below par in early September 2019.

On 15 October 2019, Wirecard’s bond price fell below 85% of par following a
Financial Times report alleging fraud and false accounting practices at the com-
pany. While Wirecard denied the claims and subsequently hired an independent
auditor, doubts remained among debt and equity investors. Despite changes at
the company’s supervisory board and reports of a strategic investment from
Japanese investment firm Softbank, the release of a critical independent audit in
April 2020, delays in reporting audited financial results, and other irregularities
contributed to ongoing investor concerns.

With Wirecard AG’s bonds trading at a price near 80, Moody’s placed the
company on review for downgrade on 2 June 2020, citing these concerns but
retaining an IG issuer rating. Two weeks later, Wirecard AG bond prices plunged
to 40 as claims of fraud and missing cash balances were confirmed in mid-June.
On 19 June 2020, Moody’s downgraded the issuer to a sub-investment-grade
B3 rating with a negative outlook and withdrew its credit rating altogether
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three days later, citing insufficient information to support the maintenance of
a rating. The company filed for insolvency on 25 June 2020, and its bond price
fell to below 20% of par value.

Investors who bought and held Wirecard AG bonds until 19 June 2020 solely on
the basis of its IG credit rating suffered a substantial loss. The Wirecard example
highlights the challenges faced by credit rating agencies in evaluating expected loss
and adjusting credit ratings given a rapidly evolving series of events.

QUESTION SET [ y

1. Which of the following choices properly ranks ratings from the
three major credit rating agencies from the lowest to highest credit risk?

A. BI1, Ba2, Baa3
B. BBB+, Ba3, B—

C. Baal, BB, Baa3
Solution:

B is correct.

2. Determine the correct answers to fill in the blanks: In comparison to high-
yield bonds, investment-grade bonds have a risk profile and are
negatively affected by adverse economic and market conditions.

Solution:

In comparison to high-yield bonds, investment-grade bonds have a lower
risk profile and are less negatively affected by adverse economic and market
conditions.

3. Which of the following statements most accurately characterizes best prac-
tices for the use of credit ratings among analysts?

A. Analysts can generally rely on credit ratings and ratings outlooks to
predict the market price of credit risk.

B. Analysts must incorporate credit ratings into their analysis to meet
regulatory requirements.

C. Analysts should conduct their own credit analysis, as sole reliance on
credit ratings to make investment decisions has several pitfalls.
Solution:

Cis correct. A is incorrect since credit ratings tend to lag rather than pre-
dict the market price of credit risk.

4. Which of the following statements best describes the relationship between
credit ratings and market pricing of credit risk?

A. Credit ratings primarily seek to assess expected loss, while market
pricing of credit risk for investment-grade bonds is primarily focused
on default timing and expected recovery rates.

B. Credit rating outlooks tend to be more closely aligned with market
conditions than credit ratings.
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C. Credit ratings usually capture the market pricing of credit risk associ-
ated with debt-financed acquisitions.
Solution:

The correct answer is B. A is incorrect, as while credit ratings primarily seek
to assess expected loss, the market pricing of credit risk for distressed bonds
is primarily focused on default timing and expected recovery rates.

FACTORS IMPACTING YIELD SPREADS

] describe macroeconomic, market, and issuer-specific factors that
influence the level and volatility of yield spreads

Corporate bonds and other “credit-risky” debt instruments typically trade at a yield
premium, or spread, to bonds that have been considered “default-risk free,” such as
US Treasury bonds or German government bonds. Credit spreads, expressed in basis
points, widen based on issuer-specific factors, such as a decline in creditworthiness,
sometimes referred to as credit migration or downgrade risk, or market-based factors,
such as a greater risk aversion during periods of financial distress. Credit spread risk
is the risk of greater expected loss due to changes in credit conditions as a result of
macroeconomic, market, and/or issuer-related factors.

Macroeconomic Factors

Changing macroeconomic conditions and changes in the credit cycle often go in lock-
step: As the business cycle improves, credit spreads narrow and investors are willing
to assume more credit risk. A deteriorating credit cycle will cause credit spreads to
widen. Spreads are narrowest at or near the top of the credit cycle, when market par-
ticipants perceive credit risk to be at its lowest; they are widest at or near the bottom
of the credit cycle, when financial markets believe credit risk has reached its peak.
Beyond the higher coupons typically offered by high-yield bonds to compensate for
their greater risk, reasons for investing in HY bonds include the following:

= Portfolio diversification — HY bonds often have lower correlation with IG
bonds and default risk-free interest rates. Their inclusion in a fixed-income
portfolio may therefore increase diversification and risk-adjusted return.

= Capital appreciation — Economic recovery, or improved issuer-specific
performance, often has a more sizeable positive impact on HY than IG bond
prices. In addition to improved cash flow, other issuer-specific events that
may drive capital appreciation include rating upgrades, mergers or acquisi-
tions, or favorable management changes.

= Equity-like return with lower volatility — While HY bond and equity prices
tend to fluctuate in a similar way over the economic cycle, HY bond returns
typically exhibit more stability given their larger income component versus
stocks. Some empirical studies suggest that HY bonds offer a more attrac-
tive risk—return profile than equities over the long term. They may also be
preferable for yield-seeking investors with a limited ability to assume equity
volatility.
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Credit ratings estimate expected loss by considering not only the POD but also
the LGD, establishing a clear relationship between credit ratings and bond yields. The
relationship between credit ratings and composite bond yields of different ratings and
maturities are shown in Exhibit 8.

Exhibit 8: U.S. Composite Bond Yields by Rating and Tenor

e —

———

Source: Bloomberg as of 23 September 2022.

Exhibit 8 shows three important relationships. First, the higher the credit rating,
the lower the yield for a given maturity. Investors require less compensation for the
risk of higher rated bonds with lower default risk. Second, in general, the longer the
maturity, the higher the yield, as default risk tends to rise for longer maturities. Third,
the yield spread difference between IG bond ratings is generally narrower than the
difference between IG and HY.

Over the cycle, HY bond spreads are more susceptible to widening under adverse
market conditions when investors tend to sell riskier assets and buy default risk-free
assets, known as a “flight to quality” In addition, HY bonds may face liquidity risk,
which also widens bid—offer spreads in times of financial stress. The benefits and
considerations of adding HY bonds to a portfolio are addressed in Example 4.

EXAMPLE 4

Benefits and Considerations of High-Yield Bond
Investments

A pension fund manager made the economic forecasts for the following year:
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Last Year This Year
(Actual) (Forecast)
Economic growth 2.5% 3.2%
Long-term interest rate 1.5% 2.0%
High-yield default rate 3.3% 2.1%

(Historical low)

Financial market volatility 16.5% 20.0%

Despite improving economic and market conditions, financial market vol-
atility is expected to increase.

1. Describe the benefits and considerations of adding high-yield bonds to the
investment portfolio under this scenario.

Solution:

Benefits: Investing in high-yield bonds should improve the risk-adjusted
return of the overall portfolio in an expected environment of:

= accelerating economic growth,
= rising interest rates, and

= falling HY default risk to a historical low.

Considerations: The additional market risk arising from higher expected
market volatility may temper the diversification benefit. In times of height-
ened volatility, HY bonds may also be exposed to market liquidity risk when
cash is needed from the portfolio (for example, to meet regular pension
payments).

Exhibit 9 presents a stylized view of these credit spread curve level and shape
changes for investment-grade (IG) and high-yield (HY) issuers over the economic
cycle moving clockwise across the four scenarios shown. The spread change in spread
for IG bonds is narrower than that for HY bonds. HY bonds are more sensitive to
changing macroeconomic and credit conditions.
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Exhibit 9: Credit Spread Curves over the Economic Cycle
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There may be other systematic reasons why spreads change. Corporate bonds trade
primarily over the counter using broker—dealers who must commit their own capital
for market-making purposes. Tighter financial regulations increase the cost of holding
capital for trading in credit-risky bonds, particularly for large global banks that are
the most dominant market participants. Funding stresses also naturally translate into
wider credit spreads. The availability of funding is related to overall macroeconomic
and credit cycle conditions but may also be driven by market sentiment, such as the
willingness to take on risk. Additionally, in periods of heavy new issue supply, credit
spreads will widen if there is insufficient demand. In periods of high demand for
bonds, spreads will move tighter.

Market Factors

For the most liquid bonds with the lowest default risk, such as developed market
sovereign debt, the yield for a given maturity is a combination of real interest rates
plus an expected inflation rate premium. The yield spread on corporate bonds includes
an additional risk premium that compensates investors for credit and liquidity risks
as well as the potential tax impact of investing in a specific bond. Changes in any of
these components will alter the yield, price, and return on the bond. The total yield
spread over the government benchmark bond captures these risk components.

Market liquidity risk refers to the transaction costs associated with selling a bond.
This is the risk that the price at which investors can actually transact may differ from
the price indicated in the market through bid—ask spreads. The ability and willingness
of broker—dealers to make markets, as reflected in the bid—ask spread, is an important
determinant of market liquidity and associated risks to transact in the market.

Two main issuer-specific factors affect market liquidity risk. First, issuer size, or
more specifically the aggregate value of publicly traded debt an issuer has outstanding,
is an important liquidity factor. Second, the issuer’s credit quality is critical. In general,
the less debt an issuer has outstanding and the less frequently its debt trades, the
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higher the market liquidity risk and the bid—ask spread. The lower the credit quality
of an issuer, the higher the market liquidity risk. To compensate investors for the risk
that there may not be sufficient market liquidity for them to buy or sell bonds in the
quantity they desire, the spread or yield premium on corporate bonds includes both
a market liquidity and a credit risk component.

Typically, a bond that trades more frequently and with higher volume provides
investors more opportunity to purchase or sell the security and thus has less liquidity
risk. The difference between the bid (or purchase) and the offer (or sale) price depends
on the type of bond, the size of the transaction, and the time of execution, among other
factors. For instance, the most liquid government bonds often trade at a fraction of
a basis point between the purchase and sale prices, while less liquid corporate bonds
can have a much wider difference between the bid and offer prices.

During times of financial stress or crisis, market liquidity can decline sharply,
causing bond prices to fall and yield spreads on corporate and other spread-based
debt to widen significantly. In most crises, not only does credit deterioration result in
wider bid—ask spreads, but it also may cause spillover effects from one fixed-income
market segment to others. For example, risk aversion among HY bond investors may
lead to significant spread widening among lower rated IG bonds as well.

Issuer-Specific Factors

Beyond macroeconomic and market factors, the expected financial performance of
individual issuers has a significant effect on both the level and volatility of yields and
yield spreads.

In particular, factors common to all issuers include debt coverage and leverage.
Debt coverage refers to the sufficiency of a borrower’s resources or cash flows to make
necessary interest and principal payments, while leverage measures a borrower’s relative
reliance on debt versus other sources of financing. The source of repayment and use
of proceeds differ among issuer types. Corporate issuers typically invest in long-term
assets and repay debt from operating cash flow, while sovereign borrowers conduct
fiscal policy and provide public goods while collecting tax revenue as a primary source
of repayment. These factors are evaluated in detail for sovereign and non-sovereign
government as well as corporate issuers in later lessons.

Investors often evaluate the yield and yield spread of a specific issuer’s bond using
a comparison to bonds within the same credit rating category, within the same sector
due to similar performance drivers, or to companies with a similar business model or
other common features. Example 5 illustrates the use of such a comparison to allow
an investor to distinguish between macroeconomic and issuer-specific factors.

EXAMPLE 5

WeWork Yields versus B-Rated Corporates

WeWork is a US-based real estate company that leases commercial properties
to provide co-working spaces for firms and individuals. The company enjoyed
a meteoric rise during its first several years of existence as a rapidly expanding
office space lessee financed by private equity capital. Despite its asset light
business model and negative cash flow, WeWork issued debt in April 2018, a
privately placed USD700 million seven-year senior unsecured bond with a fixed
coupon of 7.875% priced at par and rated Caal by Moody’s, B+ by S&P, and
BB- by Fitch. The following diagram shows the relationship between the average
five-year yield of corporate bonds with high credit risk with a similar maturity
and WeWork’s bond yield following the issuance.
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WeWork 7.875% 2025 Bond Yield versus Five-Year B Corporate
Yield
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Source: Bloomberg, Normalized Yields with April 2018 = 100.

We see that B-rated corporate bond yields fluctuated between 75% and 150%
of their April 2018 levels over the period, but WeWork’s bond yield exhibited
far greater volatility, reaching a yield nearly five times that of April 2018 in
early 2020. While a detailed analysis is beyond the scope of this example, three
noteworthy issuer-specific events may be used to explain the relative yield
relationship over the period:

WeWork’s Failed IPO (September 2019): The failure of WeWork’s widely antic-
ipated IPO was caused by weak governance and inflated growth and earnings
expectations, which resulted in a company valuation of USD50 billion. As the
failure increased WeWork’s relative reliance on existing debt versus anticipated
new equity, its bond yield nearly doubled, while average B-rated corporate bond
yields fell in a favorable macroeconomic environment through 2019.

COVID-19 Pandemic (March 2020): Economic shutdowns and work-from-
home policies had a disproportionately negative effect on WeWork’s co-working
business model and expected cash flows as compared to other HY issuers. The
company’s bonds traded at distressed prices as low as 35% of par value and were
downgraded to CCC+ (negative outlook) by S&P, the only credit rating agency
that had retained a B rating for WeWork to date.

Recovery and WeWork’s IPO (October 2021): The decline in WeWork’s bond
yields was disproportionately large in 2021 as compared to B-rated corporate
yields as the economy reopened and employees returned to work. This improved
outlook allowed the company to revisit its plans to issue equity at a more real-
istic valuation. News of a possible second IPO attempt in mid-2021 caused
WeWork bond yields to decline. Its bonds traded at a premium when the IPO
was completed via a combination with special purpose acquisition company
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(SPAC) BowX, which valued WeWork at USD9 billion and raised USD1.3 billion
in cash. WeWork’s reduced reliance on debt and improved cash flow caused its
bond yields to trade close to those of B-rated bonds, despite its lower rating.

This simplified WeWork example ignores duration differences and compares bonds
across sectors within a ratings category rather than within the commercial real estate
sector or among comparable asset light, negative cash companies, such as Uber. Later
fixed-income lessons will introduce greater detail in comparing issuer-specific, mac-
roeconomic, and market factors.

The Price Impact of Spread Changes

In an earlier module, we explained how bond duration and convexity are used to
approximate a bond’s price change given a change in yield-to-maturity. We now address
the source of the yield-to-maturity change. Since the yield-to-maturity on a corporate
bond consists of a government benchmark yield and a spread, a change in the bond’s
yield-to-maturity can originate in either component or a combination of the two. The
key point is that for an option-free fixed-rate bond, the same duration and convexity
statistics that apply for a change in benchmark yield also apply for a change in spread.

Importantly, the modified duration and convexity measures give an approximate
change in the full price of a bond for a change in yield-to-maturity, regardless of the
source of the change. However, changes in the yield-to-maturity components do not
occur in isolation. In practice, the analyst is concerned with the interaction between
benchmark yield and spread changes, between changes in expected inflation and the
expected real rate, and between changes in credit and liquidity risk. For example, a
“flight to quality” described earlier can cause government benchmark yields to fall
as credit spreads widen and liquidity declines for bonds of low credit-quality issuers.

Example 6 shows the risk/return components of a bond via a hypothetical spread
decomposition.

EXAMPLE 6

Decomposition of a Romanian Eurobond Yield

In 2019, the Government of Romania issued its first-ever 4.625% 30-year
Eurobond, which was priced at a spread of 411.4 bps over the 1.25% Federal
Republic of Germany bond maturing 15 August 2048. The initial yield spread
indicated the combined credit and liquidity risk of the bond. The 4.625% Romania
bond subsequently traded in a wide price range, reflecting the prevailing market
assessment of its credit risk and yield spread as well as the benchmark German
yield, as shown in the chart below:
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Suppose that two years after issuance, the bond was traded at 122.25/125.75
(bid/offer). This meant that a buyer would have to pay the offer price of 125.75
for the bond and a seller would receive the bid price of 122.25.

Bond mid-market price = (122.25 + 125.75)/2 = 124.00.

With 28 years remaining to maturity, the Romanian bond yield based on its
mid-market price is equivalent to 3.2988%:

8 4625 100
124.00= 2 G5 pi t e

r = 3.2988%.

Assume we observe a Federal Republic of Germany benchmark bund yield
of 0.2350% on the same day. The current spread of the Romania bond may be
shown as:

= 3.2988% — 0.2350%

= 3.0638% or 306.38 bps.

To further break down this spread, we can compute the liquidity spread
using the bid/offer prices. At the offer price, the yield is equivalent to 3.2396%:

B 4625 100
125.25—”;(1 7 T s

r = 3.2396%.
At the bid price, the yield is equivalent to 3.3588%:

4.625 100
A+n" " (q+ P

28
122.75= %
n=1

r = 3.3588%.

Therefore: Liquidity spread = 3.3588% — 3.2396% = 0.1192% or 11.92 bps.
Credit spread = 306.38 bps — 11.92 bps = 294.46 bps.

These “building blocks” of the Romania bond yield are summarized below:
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Liquidity spread: 11.92bp |

Yield spread:
306.38bps

Bond yield: 3.2988% Credit spread: 294.46bp |

Benchmark Yield:
23.50bps

While IG debt investors are less likely to be impacted by default, they are more
focused on spread risk—that is, the effect on prices and returns from changes in
spreads. The price impact from spread changes is driven by two main factors: (1) the
modified duration of the bond and (2) the magnitude of the spread change. The effect
on return to the bondholder depends on the holding period used to calculate the return.

In the case of a small, instantaneous change in yield spread, the price impact can
be approximated, as shown in Equation 3, by

%APVFUll = —AnnModDur x ASpread, 3)

where AnnModDur is the annualized modified duration and PV is the bond’s
full price. Note that lower (higher) spreads have a positive (negative) impact on bond
prices and thus returns.

For larger spread changes, the effect of convexity needs to be incorporated into
the approximation, as seen in Equation 4:

%APVFUll = —(AnnModDur x ASpread) + 4AnnConvexity x (ASpread)?, “

where AnnConvexity is annualized convexity. Care is required to ensure convex-
ity is properly scaled to be consistent with how the spread change is expressed. For
option-free bonds, convexity should be scaled so it has the same order of magnitude
as duration squared and the spread change is expressed as a decimal. For example, if a
bond has duration of 5.0 and reported convexity of 0.235, then first re-scale convexity
to 23.5, and then apply the formula. For a 1% increase in spread, the result would be

%APVFUl = (=50 x 0.01) + % x 23.5 x (0.01)% = —0.048825 or —4.8825%.
The price impact of instantaneous spread changes is illustrated in Exhibit 10 using

the two semiannual coupon BRWA bonds with a price of par highlighted in the pre-
ceding lessons:

Exhibit 10: Price Impact of Instantaneous Spread Changes

Tenor and Modified

Coupon Settlement Maturity Duration Convexity
5-year, 3.20% 15 October 2025 15 October 2030 4.58676 24.23895
10-year, 6.20% 15 October 2025 15 October 2035 7.29085 68.74440

From the initial spread, in increments of 50 bps and for both wider and narrower
spreads, the new price and actual return for each spread change are calculated.
Moreover, the estimated returns without and then with the convexity term are pre-
sented. As shown, the approximation using only duration is reasonably accurate for
small spread changes, but for larger changes, the convexity term generally provides
a meaningful improvement, as in Exhibit 11.
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Exhibit 11: Price Impact of Duration & Convexity for Given Spread Change

5-Year BRWA Bond Scenarios

Spread (bps) -100 -50 0 50 100
Spread over 5-year UST (bps) 0 50 100 150 200
Bond yield 2.20% 2.70% 3.20% 3.70% 4.20%
Actual bond price 104.71 102.32 100.00 97.73 95.53
Actual return 4.71% 2.32% — -2.26% —4.46%
Approx. return: duration only 4.58% 2.29% — -2.29% -4.59%
Approx. return: duration &

convexity 4.70% 2.32% — -2.26% -4.46%
10-Year BRWA Bond Scenarios

Spread (bps) -100 -50 0 50 100
Spread over 10-Year UST (bps) 100 150 200 250 300
Bond yield 5.20% 5.70% 6.20% 6.70% 7.20%
Actual bond price 107.72 103.77 100.00 96.39 92.95
Actual return 7.72% 3.77% — -3.60% -7.04%
Approx return: duration only 7.29% 3.64% — -3.64% -7.29%

Approx return: duration &
convexity 7.63% 3.73% — -3.55% -6.94%

(Note: Assume 5-year UST: 2.20%, 10-year UST: 4.20% on the bond settlement date.)

Note the price change for a given spread change is higher for the longer-duration bond
than for the shorter-duration bond. As with yield changes, longer-duration corporate
bonds have “higher spread sensitivity, meaning their prices, and returns, are more
volatile with respect to spread changes.

Additionally, investors must be compensated for greater uncertainty about an
issuer’s future creditworthiness in longer-dated bonds. An investor might be confi-
dent in assessing issuer default risk in the near term; however, investor uncertainty
grows over time due to factors that are increasingly difficult to forecast (e.g., poor
management strategy or execution, technological obsolescence, natural or man-made
disasters, corporate leveraging events).

Example 7 shows the impact on price of a bond due to changes in credit quality
or liquidity. Here we apply the methodology from an earlier lesson to approximate
modified duration and convexity. We estimated the modified duration by increasing and
decreasing the yield-to-maturity by the same amount (AYield) to calculate correspond-
ing bond prices PV, and PV_ for a given initial price (PVj), as shown in Equation 5:

(PV)—(PV,)
2% UYield) * (P V) ©)

Annualized ModDur =

This approximate annualized modified duration (or ApproxModDur) includes the
frequency of coupon payments and the periodicity of the yield-to-maturity in the
bond price calculations. Recall that approximate annualized convexity (ApproxCon)
uses similar inputs and may be calculated as follows.

PV +(PV,) —[2% (PVy)
UYield)? x (P V)

ApproxCon = (6)
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EXAMPLE 7

Bond Price Sensitivity to Spread Changes

Show the price impact on the 4.625% 30-year Romania Eurobond versus a new
shorter-term Romania bond (details below) if the spread changes due to changes
in credit quality and/or liquidity. Show estimated price and return changes (using
modified duration and convexity), approximate modified duration and convexity
versus actual price changes and returns (using the Excel PRICE function), and
discuss the results.

On 13 July 2021, Romania issued another EUR?2 billion 1.75% Eurobond:

=  Coupon: 1.75% (annual)

= Priced at 99.95% of par

= Yield: 1.756%

=  Maturity date: 13 July 2030

= Settlement date: 13 July 2021

= Benchmark 10-year German bund yield: —0.292%

(Note: ApproxModDur: 8.2600; ApproxCon: 79.2963.)

The modified duration and convexity of this bond are computed using the
approximation shown above. The spread sensitivity to changes in credit quality
and/or bond liquidity on the settlement date are listed in the table below:

2030 Bond Scenarios

Spread change (bps) -100 -50 0 50 100
Spread (bps) 105 155 205 255 305
Yield 0.7561% 1.2561% 1.7561% 2.2561%  2.7561%
Actual clean price 108.617  104.179 99.950 95.919 92.077
Actual return 8.67% 4.23% 0.00% —4.03% —7.88%
Estimated price:

ApproxModDur &

ApproxCon 108.602  104.177 99.950 95.921 92.090
Estimated return:

ApproxModDur &

ApproxCon 8.66% 4.23% 0.00% —4.03% -7.86%

In contrast, the 4.625% 30-year Eurobond has greater spread sensitivity as
reflected by its higher modified duration and convexity:

= Coupon: 4.625% (annual)

= Traded at 125.13% of par

= Yield: 3.2373%

= Maturity date: 3 April 2049

= Settlement date: 13 July 2021

= Benchmark 30-year German bund yield: 0.206%

(Note: ApproxModDur: 17.2569; ApproxCon: 389.1376.)

2049 Bond Scenarios

Spread change (bps) -100 -50 0 50 100
Spread (bps) 203 253 303 353 403
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2049 Bond Scenarios

Yield 2.2373% 2.7373% 3.2373% 3.7373% 4.2373%
Actual clean price 148.923 136.332 125.130 115.147 106.236
Actual return 19.01% 8.95% 0.00% -7.98% -15.10%
Estimated price:

ApproxModDur &

ApproxCon 149.158 136.535 125.130 114.942 105.971

Estimated return:
ApproxModDur &
ApproxCon 19.20% 9.11% 0.00% -8.14% -15.31%

There are two main observations from the tables above:

a. The estimated price changes and returns using modified duration and
convexity are quite close to actual price changes and returns, espe-
cially for the shorter-duration 2030 bond. The longer a bond’s dura-
tion, the greater the discrepancy between estimated and actual price
changes.

b. The 2049 bond is far more sensitive to spread changes than the 2030
bond. The longer the duration, the more sensitive a bond’s price is to
changes in credit quality and bond liquidity.

25%
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0%
-100 -50 0 50 100

-5%

Price Change/Actual Return

-10%
-15%

-20%
Spread Change (bps)

l — 2030s 2049s ‘

Taking on more default risk in fixed income offers higher potential return but at
the cost of higher volatility and less certainty of earning that return. The lower the
credit quality, the higher the quoted yield. The realized yield, or return, will almost
always differ because of changes in interest rates, coupon re-investment rates, hold-
ing period changes, and the credit-related risks discussed earlier. Additionally, the
volatility of returns will vary by rating. Example 8 shows the impact on bond prices
due to a credit downgrade.

EXAMPLE 8

Changes in BRWA Bond Price Following a Credit
Downgrade

The 3.2% BRWA senior unsecured five-year note was originally offered with
few covenants. Suppose that BRWA is downgraded by one notch by the rating

agencies due to rising technological and environmental risk and BRWA'’s focus
on the legacy technology of internal combustion engines. Based on the current

3N
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market environment, the differences in credit spread in the same industry due
to the one-notch lower rating, applicable to the 2030 and 2035 bond tenors, are
observed to be 1.0% and 2.2%, respectively.

Assume that when the rating downgrade happens:

Modified Duration Convexity
3.20% 2030s 3.82250 20.22640
6.20% 2035s 6.57882 58.43082

Using Equation 3, the price impact on the 3.20% BRWA 2030 bond can be
estimated as:

%APVFUll = —(AnnModDur x ASpread) + Y,AnnConvexity x (ASpread)?
=—(3.82250 x 0.01) + %4(20.2264) x (0.01)2

=-0.037214 or —3.7214%.
For the 6.20% BRWA 2035 bond, the price impact is estimated as:
%APVFUll = —(6.57882x0.022) + 14(58.43082) x (0.0220)2

=—0.130594 or —13.0594%.

As in the earlier examples, the negative price impact on the longer-duration
bond is expected to be much larger due to credit migration.

QUESTION SET [ y

1. Which of the following statements best describes the relative per-
formance of HY bonds over the economic cycle?

A. HY bonds often have lower correlation with IG bonds and default risk-
free interest rates.

B. HY bond and equity prices tend to fluctuate similarly over the eco-
nomic cycle, but HY bond returns exhibit more stability given their
smaller income component versus stocks.

(. Economic recovery or improved issuer-specific performance often has
a similar positive impact on HY and IG bond prices.
Solution:

A is correct. B is incorrect since HY exhibit more stability due to a higher
income component versus stocks. C is incorrect since economic recovery or
improved issuer-specific performance usually has a greater positive impact
on HY versus IG bond prices.

2. A bond investor observes a bid/offer quote for a 5-year French government
zero-coupon bond of 93.75/93.7