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0 CHAPTER 5

BOND PRICES AND
INTEREST RATE RISK



. The Time Value of Money:

»Before we can understand how bonds are priced, we must
review the concept of the time value of money.

»The time value of money is based on the belief that
people have a positive time preference for consumption.

»Thus, the time value of money can be simply stated as a
dollar today is worth more than a dollar received at some
future date.

ESSENTIALLY, IF YOU HAVE A DOLLAR IN YOUR POCKET TODAY,
THAT DOLLAR WILL BE WORTHLESS ONE YEAR FROM TODAY.

»Positive time preference for consumption
must be offset by adequate return.




How to place a value on both dollars today
and dollars in the future?

»The time value of money is sometimes referred to as the
net present value (NPV) of money.

» Opportunity cost of deferring consumption determines
minimum rate of return required on a risk-free investment

QPresent sums are theoretically invested at not less than this rate;

QFuture cash flows are discounted by at least this rate.

»The impact that inflation has on the time value of money
1s 1t decreases the value of a dollar over time.

Qlnflation will increase the time value of money to a greater extent.

Qlnflation expectations will increase the used discount rate.



. Future Value or Compound Value

FVy =PV(1 + i (3.1)

where:

FV = future value of an investment 7 periods in the future

PV = present value of an amount of money (the value of money today)
i = Interest rate
n = number of interest rate compounding periods

To illustrate, suppose you have $100 and purt it in a savings account at a local
bank, expecting to keep it there for 5 years. The bank pays 4 percent interest on
savings accounts and compounds interest annually. Applying Equadon 5.1, the
furure value is:

FI7 = $100(1 + 0.04)
= $100(1.2167)
= $121.67

Thus, at the end of 5 years, the account has $121.67, which consists of the $100
original deposit plus $21.67 of interest.




[f the bank decided to pay interest quarterly, the number of compounding
periods increases to 20 periods (5 years X 4 quarters) and the annual interest rate
converted to a quarterly interest rate is 1.00 percent (4 percent/4 quarters). Applying
Equation 5.1 to the new situation, the future value is:

FV = $100(1 + 0.01)%
= $100(1.2202)
= $122.02

Notice that the dollar amount 1s slightly larger because we have
increased the number of compounding periods and are now
earning more interest on interest.




O Present Value

Present value is the value today of a given sum of money
to be received at a given point in the future. o205

PLf’:FIf[_ : ] (5.2)
(1 + iy"

(Going back to our original quesdon, how much would we pay for $121.67 o be
received 5 years in the furure, if the interest rate on our next best alrernative invest-
ment (1.e., your opportunity cost) were 4 percent? Using Equadon 5.2, we compute
the present value of $121.67 received in 5 years as:

. | 1
PV = $121.67 T n::r.m):?}

= $121.67(0.8219)
= $100.00

» With risk present, a premium may be added to the risk-free rate.

»The higher the discount rate, the lower the present value.
Your rich uncle promises to give you $10,000 when you graduate from
college. What is the value of this gift if you plan to graduate in 5 years
and interest rates are 10 percent?
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o Bond Pricing: Whatis a bond?

» A bond is a contractual obligation of a borrower (issuer)
to make periodic cash payments to a lender over a given
number of years.

» A bond constitutes debt, so there is a borrower and a
lender. In the parlance of Wall Street, the borrower 1s
referred to as the bond 1ssuer.

»The lender is referred to as the investor, or the bondholder.

»The bond consists of two types of contractual cash flows:

( At maturity, the lender is paid the original sum borrowed, which is called the
principal, face value, or par value, of the bond. Note that these three terms are
interchangeable.

[ Periodically before maturity, the issuer must make periodic interest payments to
the bondholders. These interest payments are called the coupon payments (C).

It is important to keep in mind that for most bonds the coupon rate, the
par value, and the term-to maturity are fixed over the life of the bond
contract. Most bonds are first issued in $1,000 or $5,000 denominations.




o What is a bond? Example

For example, if a bond pays $80 of coupon interest annually
for 10 years and the face value is $1,000:
Par Value $1000
Scheduled Payments $80 per year for 10 years

$1000 at the end of 10 years.
Coupon Rate 80/1000 = %8
Future Value $2159

The price of a bond is the present value of the future

cash flows (coupon payments and principal amount)

discounted by the interest rate (the required rate of
return on this risk class in today’s market), which

represents the time value of money.
10



O PV of bond cash flows

C i C - L

) (1 +9)" (1+10)°

where:

CN + FN (5.3)
(1 + )"

Pb

PB = the price of the bond or present value of the sream of cash payments
' = the periodic coupon payment
F = par value or face value (principal amount) to be paid at maturicy
i = market interest rate (discount rate or market yield)
n = number of periods to maturity

Consider a 3-year bond with a face value of $1,000 and a coupon rate of

8 percent. The coupon payments are $80 per year. If coupon payments are made
annually and the current market rate of interest on similar bonds is 10 percent,
the price of the bond, using Equaton 5.3, 1s:

$80 4 $80 51,080
(1.10)! ~ (1.10)2  (1.10)3
= $73.73 + $66.12 + $811.42
= $950.27

PR =




° Par, Premium, and Discount Bonds

» Cash flows are assumed to flow at end of the period and to
be reinvested at i.

» Increasing i decreases price (PB); decreasing i increases
price; thus bond prices and interest rates move inversely.

» If market rate equals coupon rate, bond trades at par (Par
Bond)

» If coupon rate exceeds market rate, the bond trades above
par—at a premium (Premium Bond)

» If market rate exceeds coupon rate, bond trades below par—
at a discount (Discount Bond).

» Bonds typically pay interest semiannually.

12




. Semiannual Compounding

If coupon payments are made more than once a year, we modify Equation 5.3 as
follows:

Clm Clm Clm (C/m) + F :
PB = : + : F: , T o : , (54)
(1+ifm)t (1 +im)p (1 + ifm) (1 + ilm)™

where m is the number of dmes coupon payments are made each year and the
other terms are as previously defined. In the case of a bond with semiannual cou-
pon payments (1.e., twice per year), # = 2. For example, if our 3-year, 5 percent
coupon bond pays interest semiannually and the current market yield is 6 percent,
the price of the bond would be:

$25 3 $25 +___+$1,{}25
(1.03)!  (1.03)2 (1.03)6
= $972.91

PB =

13




Zero Coupon Bond's

» No periodic coupon payments.

» Issued at discount from par.

» Single payment of par value at maturity.

» PB is simply PV of FV represented by par value, discounted at market rate.

The price (or yield) of a zero coupon bond is simply a special case of Equa-
don 5.4 in thar all the coupon payments are ser equal o zero. Hence the pricing
eguanon is:

where:
PR = the price of the bond

F = the amount of cash pavments at mararicy (face value)
i = the interest rate (vield) for » periods

n = number of years untl the payment is due

7772 — number of omes interest is compounded each year

For example, the price of a zero coupon bond with a $1,000 face value and 10-year
maturity, and assuming semiannual compounding, when the market interest rate
is 12 percent is calculared as follows:

$1,000
PB=—"""= §311.80
(1.06)20
MNotice that our calculation is based on semiannual compounding because most
L.S. bonds pay coupon interest semiannually.




o Bond Yields: Risks and Rewards

Yield should rewards investor for at least three risks:

» Credit or default risk: chance that issuer may be unable or
unwilling to pay as agreed.

Interest rate risk is the risk related to changes in interest rates that cause a
bond’s total return to differ from the promised yield or yield-to-maturity.
Interest rate risk comprises two different but closely related risks: (1) price
risk and (2) reinvestment risk.

» Reinvestment risk: potential effect of variability of market
interest rates on return at which payments can be reinvested

when received.
» Price risk: Inverse relationship between bond prices and

Interest rates.

Bond prices and yields vary inversely. Specifically, as the market rate of interest (or
yield) rises, a bond’s market price declines; or as the market rate of interest (or
yield) declines, a bond’s market price rises. This inverse relationship exists because
the coupon rate or interest rate on a bond is fixed at the time the bond 1s 1ssued.







