«» Interest Rate
Markets

In this chapter we cover many different aspects of interest rate markets. We explain zero
rates, par yields, forward rates, and the relationships between them, We cover day count
conventions and the way in which the prices of Treasury bonds, corporate bonds, and
Treasury bills are quoted in the United States. We show how forward rate agreements
can be valued. We discuss the duration measure and explain how it can be used to
quantify a company’s exposure to interest rates. We also consider interest rate futures
markets. We describe in some detail the popular Treasury bond futures and Eurodollar
futures contracts that trade in the United States, and we examine how they can be used
for duration-based hedging.

5.1 TYPES OF RATES

For any given currency, many different types of interest rates are regularly quoted.
These include mortgage rates, deposit rates, prime borrowing rates, and so on. The
interest rate applicable in a situation depends on the credit risk. The higher the credit
risk, the higher the interest rate. In this section, we introduce three interest rates that are
particularly important in options and futures markets.

Treasury Rales

Treasury rates are the interest rates applicable to borrowing by a government in its own
currency. For example, Italian Treasury rates are the rates at which the Italian
government can borrow in lira; Japanese Treasury rates are the rates at which the
Japanese government can borrow in yen; and so on. It is usually assumed that there is
no chance that a government will defauit on an obligation denominated in its own
currency.! For this reason, Treasury rates are often termed risk-free rates.

LIBOR Rates

LIBOR is short for the London Interbank Offer Rate. It is the rate at which large
international banks fund much of their activities. Specifically, it is the rate at which one
large international bank is willing to lend money to another large international bank.

! The reason for this is that the government can always meet its obligation by printing more money.
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LIBOR rates are determined in trading between banks and change as economic
conditions change. LIBOR rates are generally higher than the corresponding Treasury
rates because they are not risk-free rates. There is always some chance (albeit small) that
the bank borrowing the money will default.

As mentioned in Chapter 3, banks and other large financial institutions tend to use
the LIBOR rate rather than the Treasury rate as the “‘risk-free rate” when they evaluate
derivatives transactions. The reason is that financial institutions invest surplus funds in
the LIBOR market and borrow to meet their short-term funding requirements in this
market. They regard LIBOR as their opportunity cost of capital.

Repo Rate

Sometimes an investment dealer funds its trading activities with a repo or repurchase
agreement. This is a contract where an investment dealer who owns securities agrees to
sell them to another company now and buy them back later at a slightly higher price.
The company is providing a loan to the investment dealer. The difference between the
price at which the securities are sold and the price at which they are repurchased is the
interest it earns. The interest rate is referred to as the repo rate. If structured carefully,
the loan involves very little credit risk. If the original owner of the securities does not
keep to its side of the agreement, the lending company simply keeps the securities. If the
lending company does not keep to its side of the agreement, the original owner of the
securities keeps the cash.

The most common type of repo is an overnight repo, in which the agreement is
renegotiated each day. However, longer-term arrangements, known as ferm repos, are
sometimes used.

5.2 ZERO RATES

The n-year zero rate (short for zero-coupon rate) is the rate of interest earned on an
investment that starts today and lasts for n years. All the interest and principal is
realized at thé end of n years. There are no intermediate payments. The n-year zero rate
is sometimes also referred to as the n-year spor rate. Suppose the five-year Treasury zero
rate with continuous compounding is quoted as 5% per annum. This means that $100,
if invested at the risk-free rate for five years, would grow to

100 x €975 = 128.40

Many of the interest rates we observe directly in the market are not pure zero rates.
Consider a five-year government bond that provides a 6% coupon. The price of this
bond does not exactly determine the five-year Treasury zero rate because some of the
return on the bond is realized in the form of coupons prior to the end of year five. Later
in this chapter we will discuss how we can determine Treasury zero rates and LIBOR
zero rates from the prices of traded instruments.

5.3 BOND PRICING

Most bonds provide coupons periodically. The owner also receives the principal or face
value of the bond at maturity. The theoretical price of a bond can be calculated as the
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Table 5.1 Treasury zero rates

Maturity Zero rate (%)

(years) {cont. comp.)
0.5 5.0
1.0 5.8
1.5 6.4
2.0 6.8

present value of all the cash flows that will be received by the owner of the bond using
the appropriate zero rates as discount rates. Consider the situation where Treasury zero
rates, measured with continuous compounding, are as in Table 5.1. (We explain later
how these can be calculated.) Suppose that a two-year Treasury bond with a principal
of 8100 provides coupons at the rate of 6% per annum semiannually. To calculate the
present value of the first coupon of $3, we discount it at 5.0% for six months; to
calculate the present value of the second coupon of $3, we discount it at 5.8% for one
year; and so on. The theoretical price of the bond is therefore

3o=005X05 | 3,-0.058x10 | 3,-0064x15 | 193,~0.068x20 _ gg 39
or $98.39.

Bond Yield

The yvield on a coupon-bearing bond is the discount rate that equates the cash flows on
the bond to its market value. Suppose that the theoretical price of the bond we have
been considering, $98.39, is also its market value (that is, the market’s price of the bond
is in exact agreement with the data in Table 5.1). If y is the yield on the bond, expressed
with continuous compounding, we must have

3¢ 43¢0 4 37715 4 103720 = 98.39

This equation can be solved using an iterative (*“trial and error’) procedure to give
¥y =6.76%.

Par Yield

The par yield for a certain maturity is the coupon rate that causes the bond price to
equal its face value. Usually the bond is assumed to provide semiannual coupons.
Suppose that the coupon on a two-year bond in our example is ¢ per annum (or ¢/2 per
six months). Using the zero rates in Table 5.1, the value of the bond is equal to its face
value of 100 when

—0.058x1.0

c _
€ 00505 | €, +

+
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o 0064x1.5 + (100 +§)e—o.ossx2.u = 100

This equation can be solved in a straightforward way to give ¢ = 6.87. The two-year par
yield is therefore 6.87% per annum with semiannual compounding (or 6.75% with
continuous compounding).

More generally, if d is the present value of $1 received at the maturity of the bond,
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A is the value of an annuity that pays one dollar on each coilpon payment date, and m
is the number of coupon payments per year, the par yield ¢ must satisfy
100 = A=+ 1004
. m

so that
e (100 — 100d)m
- A

In our example, m = 2, d = ¢ *%8*2 = (,87284, and
A = ¢ 005X05 | —0058x10 | -0064x15 | —0.068x20 _ 3 70027,

The formula confirms that the par yield is 6.87% per annum with semiannual
compounding.

5.4 DETERMINING TREASURY ZERO RATES

We now discuss how Treasury zero rates can be calculated from the prices of instru-
ments that trade. One approach is known as the bootstrap method. To illustrate the
nature of the method, consider the data in Table 5.2 on the prices of five bonds.
Because the first three bonds pay ne coupons, the zero rates corresponding to the
maturities of these bonds can be easily calculated. The three-month bond provides a
return of 2.5 in three months on an initial investment of 97.5. With quarterly
compounding, the three-month zero rate is (4 x 2.5)/97.5=10.256% per annum.
Equation (3.3) shows that, when the rate is expressed with continuous compounding,
it becomes

41n(l + 0.1[2256

) =0.10127

or 10.127% per annum. The six-month bond provides a return of 5.1 in six months on
an initial investment of 94.9. With semiannual compounding the six-month rate is
(2 x 5.1)/94.9 = 10.748% per annum. Equation (3.3) shows that, when the rate is
expressed with continuous compounding, it becomes

0.10748
21n(l + 2 ) = 0.10469
Table 5.2 Data for bootstrap method

Bond Time to Annual Bond
principal maturity coupon price
t)] (years) ) ($)
100 0.25 0 97.5
100 0.50 0 94.9
100 - 1.00 0 90.0
100 150 8 96.0
100 2.00 12 101.6

* Half the stated coupon is assumed to be paid every six months.

s e e
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Table 5.3 Continuously compounded zero rates
determined from data in Table 5.2

Maturity Zero rate (%)
(years) {cont. comp.)
0.25 10.127
0.50 10.469
1.00 10.536
1.50 10.681
2.00 10.808

or 10.469% per annum. Similarly, the one-year rate with continuous compounding is

10
In{1+-=]=0.105
n( + 90) 36
or 10.536% per annum.
The fourth bond lasts 1.5 years. The payments are as follows:

6 months: $4
1 year: 34
1.5 years: $104

From our earlier calculations, we know that the discount rate for the payment at the
end of six months is 10.469%, and the discount rate for the payment at the end of one
year is 10.536%. We also know that the bond’s price, $96, must equal the present value
of all the payments received by the bondholder. Suppose the 1.5-year zero rate is
denoted by R. 1t follows that

48—0.10469x0.5 + 48—0.10536x1.0 + 1048-—Rx1.5 — 96
This reduces to ‘
’ e 1% = 0.85196

or

R= _ In(0.85196) — 0.10681
1.5
The 1.5-year zero rate is therefore 10.681%. This is the only zero rate that is consistent
with the six-month rate, one-year rate, and the data in Table 5.3.
The two-year zero rate can be calculated similarly from the six-month, one-year, and
1.5-year zero rates and the information on the last bond in Table 5.2. If R is the two-
year zero rate, '

6e~0.10469)<0.5 1+ 68—0.10536:-(].0 +6e—0.10681x1.5 + 106e4Rx2.0 = 101.6

This gives R = 0.10808, or 10.808%.

The rates we have calculated are summarized in Table 5.3. A chart showing the zero
rate as a function of maturity is known as the zero curve. A common assumption is that
the zero curve is linear between the points determined using the bootstrap method.
{This means that the 1.25-year zero rate is 0.5 x 10.536 + 0.5 x 10.681 = 10.6085% in
our example.) It is also usually assumed that the zero curve is horizontal prior to the
first point and horizontal beyond the last point. Figure 5.1 shows the zero curve for our
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Interest rate (% per annum)

Maturity (years)
1 1
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Agure 5.1 Zero rates given by the bootstrap method

data. By using longer maturity bonds, the zero curve would be more accurately
determined beyond two years.

In practice, we do not usually have bonds with maturities equal to exactly 1.5 years, 2
years, 2.5 years, and so on. The approach often used by analysts is to interpolate
between the bond price data before it is used to calculate the zero curve. For example, if *
they know that a 2.3-year bond with a coupon of 6% sells for 98 and a 2.7-year bond
with a coupon of 6.5% sells for 99, they might assume that a 2.5-year bond with a
coupon of 6.25% would sell for 98.5.

5.5 FORWARD RATES

Forward interest rates are the rates of interest implied by current zero rates for periods
of time in the future. To illustrate how they are calculated, we suppose that the zero
rates are as shown in the second column of Table 5.4. The rates are assumed to be
continuously compounded. Thus, the 10% per annum rate for one year means that, in
return for an investment of $100 today, the investor receives 100¢%! = $110.52 in one
year; the 10.5% per annum rate for two years means that, in return for an investment of
$100 today, the investor receives 100e%195%2 — $123.37 in two years; and so on.

The forward interest rate in Table 5.4 for year 2 is 11% per annum. This is the rate of
interest that is implied by the zero rates for the period of time between the end of the
first year and the end of the second year. It can be calculated from the one-year zero
interest rate of 10% per annum and the two-year zero interest rate of 10.5% per annum.

Table 5.4 Calculation of forward rates

Year Zero rate for an Forward rate
n) n-year investment for nth year
(% per annum) (% per annum)
1 10.0
2 10.5 _ 11.0
3 10.8 11.4
4 11.0 11.6
S 11.1 . 11.5
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1t is the rate of interest for year 2 that, when combined with 10% per annum for year 1,
gives 10.5% overall for the two years. To show that the correct -answer is 11% per
annum, suppose that $100 is invested. A rate of 10% for the first year and 11% for the
second year yields

100e*! 1 = $123.37

at the end of the second year. A rate of 10.5% per annum for two years yields
10060.105)(2 .

which is also $123.37. This example illustrates the general result that when interest rates
are continuously compounded and rates in successive time periods are combined, the
overall equivalent rate is simply the average rate during the whole period. (In our
example 10% for the first year and 11% for the second year average to 10.5% for the
two years.) The result is only approximately true when the rates are not continuously
compounded.

The forward rate for the year 3 is the rate of interest that is implied by a 10.5% per
annum two-year zero rate and a 10.8% per annum three-year zero rate. It is 11.4% per
annum. The reason is that an investment for two years at 10.5% per annum combined
with an investment for one year at 11.4% per annum gives an overall average return for
the three years of 10.8% per annum. The other forward rates can be calculated similarly
and are shown in the third column of the table. In general, if R, and R; are the zero
rates for maturities Ty and T, respectively, and Ry is the forward interest rate for the
period of time between T, and T;, then

_ R - RT,

Rp ==~ (5.1)

To illustrate this formula, consider the calculation of the year 4 forward rate from the
data in Table 5.4: Ty =3, T, =4, R, = 0.108, and R, =0.11, and the formula gives

Assuming that the zero rates for borrowing and investing are¢ the same (which is not
too unreasonable for a large financial institution), an investor can lock in the forward
rate for a future time period. Suppose for example that the zero rates are as in Table 5.4.
If an investor borrows $100 at 10% for one year and then invests the money at 10.5%
for two years, the result is a cash outflow of 100e%! = $110.52 at the end of year one
and an inflow of 100¢"!'%%? = $123.37 at the end of year two. Because 123.37 =
110.52¢%!!, a return equal to the forward rate (11%) is earned on $110.52 during the
second year. Suppose next that the investor borrows $100 for four years at 11% and
invests it for three years at 10.8%. The result is a cash inflow of 100¢%!%** = §138.26 at
the end of the third year and a cash outflow of 100e®!1** = §155.27 at the end of the
fourth year. Because 155.27 = 138.26¢”''®, money is being borrowed for the fourth year
at the forward rate of 11.6%.

Equation (5.1) can be written

Ty
,-T

Rp=Ry+(Ry— Ry) (5.2)
This shows that if the zero curve is upward sloping between T and T3, so that R > Ry,
then Ry > R;. Similarly if the zero curve is downward sloping with R; < R;, then
RF < RZ'
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5.6 FORWARD RATE AGREEMENTS

A forward rate agreement (FRA) is an over-the-counter agreement that a certain interest
rate will apply to a certain principal during a specified future period of time. In this
section we examine how forward rate agreements can be valued in terms of forward
rates.

Consider a forward rate agreement in which it is agreed that a financial institution
will earn an interest rate Ry for the period of time between T; and T; on a principal of
L. Define:

Ry: The forward LIBOR interest rate for the period between times 7| and 7
R: The actual LIBOR interest rate observed at time T, for a maturity T,

We will depart from our usual assumptim?y‘[ continuous compounding and assume
that the rates Ry, Ry, and R are all measured with a compounding frequency reflecting
their maturity. This means that if 7, — T} = 0.5, they are expressed with semiannual
compounding; if T, — T; = 0.25, they are expressed with quarterly compounding; and
so on. The forward rate agreement is an agreement to the following two cash flows:?

Time Ty: —L
Time Tz: +L[1 =+ RK(Tz — T])]

To value the FRA we first note that it is always worth zero when Ry = Rp.? This is
because, as noted in the previous section, a large financial institution can at no cost lock
in the forward rate for a future time period. For example, it can ensure that it earns the
forward rate for the time period between years 2 and 3 by borrowing for a certain
amount of money for two years and investing it for three years. Similatly, it can ensure
that it pays the forward rate for the time period between years 2 and 3 by borrowing for
a certain amount of money for three years and investing it for two years.

We can now use an argument analogous to that used in Section 3.8 to calculate the
value of the FRA for values of Ry other than Ry;. Compare two FRAs. The first
promises that the forward rate Ry will be earned on a principal of L between times T,
and T,; the second promises that Ry will be earned on the same principal between the
same two dates. The two contracts are the same except for the interest payments
received at time 7,. The excess of the value of the second contract over the first is,
therefore, the present value of the difference between these interest payments, or

L(Rg — Rp(Ty — Ty)e *iT2

where R, is the continuously compounded zero rate for a maturity 75.* Because the
value of the FRA promising R is zero, the value of the FRA promising Ry is

V= L(Rg — Rp) (T — Ty)e™ 0 (5.3)

2 In practice an FRA such as the one considered is usually settled in cash at time T;. The cash scttlement is
the present value of the cash flows or

1+ Re(T —Ty)
1+ R(T: - T1)

3 1t is usually the case that Ry is set equal to Ry when the FRA is first initiated.

ks

* Note that Rx, R, and Ry are expressed with a compounding frequency corresponding to 73 — Ty, whereas
Ry is expressed with continuous compounding.
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When an FRA specifies that the interest rate Ry will be paid rather than received, its
value is similarly given by

V = L(Rp — RxgXTy — T)e ™" (5.4)

Exampile

Suppose that LIBOR rates are as in Table 5.4. Consider an FRA where we will
receive a rate of 12%, measured with annual compounding, on a principal of $1
million between the end of year t and the end of year 2. In this case, the forward
rate is 11% with continuous compounding or 11.6278% with annual compound-
ing. From equation (5.3)-it follows that the value of the FRA is

1,000,000(0.12 — 0.116278)%195%2 — $3 017

Altemndative Characterization of FRAs

Consider again an FRA that guarantees that a rate Ry will be earned between times T;
and 7,. The principal L can be borrowed at rate R at time T, and repaid at time T,.
When this transaction is combined with the FRA, we see that the FRA is equivalent to
the following cash flows:

Time T;: 0
Time Tz: LRK(Tz - Tl)
Time Tz: —LR(TI - Tl)

In other words, the FRA is equivalent to an agreement where at time T interest at the
predetermined rate, Rg, is received and interest at the market rate, R, is paid.
Combining the two cash flows at time 7T,, we sce that the FRA is equivalent to a
single cash flow of
L(Rx — RXT> —T})

at time T,. Comparing this with equation (5.3), we see that the FRA can be valued by
assuming that R = R and discounting the resultant cash flows at the risk-free rate, We
have therefore shown that:

1. An FRA is equivalent to an agreement where interest at a predetermined rate, Ry,
is exchanged for interest at the market rate, R.

2. An FRA can be valued by assuming that forward interest rate is certain to be
realized.

These two results will be useful when we consider interest rate swaps in the next chapter.

5.7 THEORIES OF THE TERM STRUCTURE

It is natural to ask what determines the shape of the zero curve. Why is it sometimes
downward sloping, sometimes upward sloping, and sometimes partly upward sloping
and partly downward sloping? A number of different theories have been proposed. The
simplest is expectations theory, which conjectures that long-term interest rates should
reflect expected future short-term interest rates. More precisely, it argues that a forward
interest rate corresponding to a certain future period is equal to the expected future zero
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interest rate for that period. Another idea, segmentation theory, conjectures that there
need be no relationship between short-, medium-, and long-term interest rates. Under
the theory, a major investor such as a large pension fund invests in bonds of a certain
maturity and does not readily switch from one maturity to another. The short-term
interest rate is determined by supply and demand in the short-term bond market; the
medium-term ‘interest rate is determined by supply and demand m the medlum term
bond market; and so on.. ‘

' The theory that is in some ways most appealing is liquidity preference theory, which
argues that forward rates should always be higher than expected future zero rates. The
basic assumption underlymg the theory is that investors prefer to preserve their liquidity
and invest funds for short periods of time. Borrowers, on the other hand, usually prefer
to borrow at fixed rates for long periods of time. If the interest rates offered by banks and
other ﬁnanc1al intermediaries corresponded to expectations theory, long-term interest
rates would equal the average of expected future short-term interest rates. In the absence
of any incentive to do otherwise, investors would tend to deposit their funds for short
time periods, and borrowers would tend to choose to borrow for long time periods.
Financial intermediaries would then find themselves financing substantial amounts of
long-term fixed-rate loans with short-term deposits. Excessive interest rate risk would
result. In practice, in order to match depositors with borrowers and avoid interest rate
risk, financial intermediaries raise long-term interest rates relative to expected future
short-term interest rates. This strategy reduces the demand for long-term fixed-rate
borrowing and encourages investors to deposit their funds for long terms.

Liquidity preference theory leads to a situation in which forward rates are greater
than expected future zero rates. It is also consistent with the empirical result that yield
curves tend to be upward sloping more often than they are downward sloping.

5.8 DAY COUNT CONVENTIONS

We now examine the day count conventions that are used Whenr interest rates are
quoted. This is a quite separate issue from the compounding frequency used to measure
interest rates. (For a discussion of the latter issue, see Section 3.3.) The day count
defines the way in which interest accrues over time. Generally, we know the interest
earned over some reference period (e.g., the time betweeg coupon payments), and we
are interested in calculating the interest earned over some other period.

The day count convention is usually expressed as X/Y. When we are calculating the
interest earned between two dates, X defines the way in which the number of days
between the two dates is calculated, and Y defines the way in which the total number of
days in the reference period is measured. The interest earned between the two dates is

Number of days between dates
Number of days in reference period

x Interest earned in reference period

Three day count conventions that are commonly used in the United States are

1. Actual/actual (in period).
2. 30/360.
3. Actual/360.

Actual/actual (in period) is used for U.S. Treasury bonds, 30/360 is used for U.S.

T T R
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corporate and municipal bonds, and actual/360 is used for U.S. Treasury bills and
other money market instruments.

The use of actual/actual (in period) for Treasury bonds indicates that the interest
earned between two dates is based on the ratio of the actual days elapsed to the actual
number of days in the period between coupon payments. Suppose that the bond
principal is $100, coupon payment dates are March 1 and September 1, and the coupon
rate is 8%. We wish to calculate the interest earned between March | and July 3. The
reference period is from March | to September 1. There are 184 (actual) days in this
period, and interest of $4 is earned during the period. There are 124 (actual) days
between March 1 and July 3. The interest earned between March 1 and July 3 is

therefore

124

—x4=2.69

184 X 2.6957
The use of 30/360 for corporate and municipal bonds indicates that we assume 30 days
per month and 360 days per year when carrying out calculations. With 30/360, the total
number of days between March 1 and September 1 is 180. The total number of days
between March 1 and July 3 is (4 x 30) + 2 = 122. In a corporate bond with the same
terms as the Treasury bond just considered, the interest earned between March 1 and

July 3 would therefore be

122

—18—0 x4 = 2.7[ 11
The use of actual/360 for a money market instrument indicates that the reference period
is 360 days. The interest earned during part of a year is calculated by dividing the actual
number of elapsed days by 360 and multiplying by the rate. The interest eamed in
90 days is therefore exactly one-fourth of the quoted rate. Note that the interest earned
in a whole year of 365 days is 365/360 times the quoted rate.

5.9 QUOTATIONS

The price quoted for an interest-bearing instrument is often not the same as the cash
price you would pay if you purchased it. We illustrate this by considering the way in
which prices are quoted for Treasury bonds and Treasury bills in the United States.

Bonds

Treasury bond prices in the United States are quoted in dollars and thirty-seconds of a
dollar. The quoted price is for a bond with a face value of $100. Thus, a quote of 90-05
indicates that the quoted price for a bond with a face value of $100,000 is $90,156.25.

The quoted price is not the same as the cash price that is paid by the purchaser,
In general,

Cash price = Quoted price + Accrued interest since last coupon date

To illustrate this formula, suppose that it is March 5, 2001, and the bond under
consideration is an 11% coupon bond maturing on July 10, 2009, with a quoted price
of 95-16, or $95.50. Because coupons are paid semiannually on government bonds, the
most recent coupon date is January 10, 2001, and the next coupon date is July 10, 2001.
The number of days between January 10, 2001, and March 5, 2001, is 54, whereas the
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number of days between January 10, 2001, and July 10, 2001, is 181. On a bond with
$100 face value, the coupon payment is $5.50 on January 10 and July 10. The accrued
interest on March 5, 2001, is the share of the July 10 coupon accruing to the
bondholder on March §, 2001. Because actual/actual in period is used for Treasury
bonds, this is .

54
TR 855 = $1.64

The cash price per $100 face value for the July 10, 2001, bond is therefore
$95.5 + 51.64 = $97.14 5

Thus, the cash price of a $100,000 bond is $97,140. .

Treasury Bills

As already mentioned, the actual/360 day count convention is used for Treasury bills in
the United States. Price quotes are for a Treasury bill with a face value of $100. There is
a difference between the cash price and quoted price for a Treasury bill. If ¥ is the cash
price of a Treasury bill that has a face value of $100 and n days to maturity, the quoted
price is

g'?(100 -1

This is referred to as the discount rate. 1t is the annualized dollar return provided by the
Treasury bill expressed as a percentage of the face value. If for a 91-day Treasury bill
the cash price, ¥, were 98, the quoted price would be (360/91) x (100 — 98) = 7.91.

The discount rate or quoted price is not the same as the rate of return earned on the
Treasury bill. The latter is calculated as the dollar return divided by the cost. In the
preceding example, where the cash price is 98, the rate of return would be 2/98, or
2.04% per 91 days. This amounts to

2 365

or 8.186% per annum with compounding every 91 days.

TREASURY BOND FUTURES

Table 5.5 shows interest rate futures quotes as they appeared in the Wall Street Journal
on March 16, 2001. The most popular long-term interest rate futures contract is the
Treasury bond futures contract traded on the Chicago Board of Trade (CBOT). In this
contract, any government bond that has more than 15 years to maturity on the first day
of the delivery month and that is not callable within 15 years from that day can be
delivered. As will be explained later, the CBOT has developed a procedure for adjusting
the price received by the party with the short position according to the particular bond
delivered. '

The Treasury note and five-year Treasury note futures contract in the United States
are also actively traded. In the Treasury note futures contract, any government bond (ot
note) with a maturity between 61 and 10 years can be delivered. In the five-year
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Table 5.5 Interest rate futures quotes from the Wall Street Journal on March 16, 2001

INTEREST RATE

Treaw [g Bond; (CB‘I’) -$100,000; pts 32nds of 100%

2 10603 106-14 + 3 106-30 47,482
June 1wt£ 1%—1 10524 106-04 + 3 10617 96-21 474,584
Sept 10515 106-02 105-12 10522 + 2 106-04 9622 2818
Est vol 225000; vo! Wed 328,320; open int 524,994, +8,141.
Tnuurgu?otu {CBT)-$100, 000, pts 32nds of 100%

18 06295 + B85 10704 9804 5283

June 106-11 106-22 1(5-03 106-15 + B85 1062 991 495880
Sept 10607 106-03 106-04 106-04 + 85 10609 103-30 4839
Est vol 226,000; vol Wed 278,130; open int 553,652, +13,
10 Yr A%;nc&mtu 2&:8‘!‘&3100 ,000; pts 32nds of 100%
Mar 101 20 10221 9325 10264
June 101-17 102-02 101-14 101-27 + 115 02105 9822 46569
Est vol 4,000; voi Wed 9020' 0pen int 56,833, +573,
5 Yr Treasur: Notu BY)-$100,| 000 pts '32nds of 100%
Mar 10505 05-155 05- 15 + 80 05155 10011 36713
June 105-15 05-245 10508 10520 + 95 (5-245 101-04 30523
Est vol 127,000; vol Wed 117,378; open int 366,236, +
2Yr Tnnurzzmms (CBT)-$200,000; pu 32nds of 100%
Mar 10224 0231 10224 10229 + 57 102:3 11-282 6,647
June 3 22 1800 + 62 mm 10112 78342
Est vol 101(1) vo{ Wed 6528 open int 85,489,
30 Day Federal Funds (CBY)-$5 m|ll|on t: of 100%
Mar 94740 94 50 U730 9745 + 010 8%0 9%3205 21,0&

%1 60 + M 2 2,
95 35 %29 953 + 06 %35 9@ 670
Jne 544 955 B2 %50 + 07 655 UB 5403
Juy 9562 55 9560 + 08 9562 9502 2045

9562 95.
Est vol 14,000, vol Wed 19,184; open int 63,726, -118,
Munt Bond Index {CBT)-$1, 000 times Bond Buyer MBI
Mar 10515 10520 105-14 105-17 105-27 6,532
June 104 21 10430 104-16 10422 + 1 10500 10130 1
Est vol 850; vol Wed 1,203, %mn int 18,187, ~130.
Index: Close 104-30; Yield 5.
Treasury Bills (CME) -$1 mil.; pts of 100%

OPEN

OPEN WGH LOW SETTLE CHANGE YELD CHANGE N,
Mar 9559 9564 9559 9562 + 05 438 -05 313
June 9606 913 96.06 %11 + 09 389 -09 1491
Est vol 485; vol Wed 780; open int 4,630, —80.
Libor-1 Mo. (CME)-$3,000,000; pts of 100%
Mar 9495 9499 9495 9499 + 04 501 -04 291078
r 9515 9519 9513 9518 + 05 482 -05 19819

9532 9540 %531 %BB + 07 482 -07 981
dine 9543 9554 9543 9583 + M 447 -9 1030
July 9550 9559 9549 9558 + (08 442 -08 464
Aug .. 9561 + (08 439 -08 204
Sept .. %6 + 10 43 -10 24
Est vol 5710; vol Wed 7,033; open int 60,543, —267
Eurodollar (C| ME& -$1 Million; ogts of 100%
My 9506 9510 95.05 9509 + 02 491 -02 51675
r 9524 %29 9524 BB + M 472 -M  2B6S5
ay 9541 9544 9539 9543 + 08 457 -08 3558
June 9543 9555 9543 9553 + 08 447 08 659688
Jly 9559 9559 9558 9659 + 12 441 -12 1012
Sept 9550 9564 9550 9562 + .10 438 -.10 199
Dec 9534 9547 9532 9545 + .10 455 10 391832
M2 9526 9540 9525 9537 + 09 4683 -09 3759%
June 9503 9517 9503 %14 + 09 486 -09 3163%
Sept 9484 0496 9483 9493 + 09 507 -09 252106
Dec 9461 9470 9460 9471 + 09 529 -0 163620
M03 9457 9468 9457 9466 + 08 534 -08 125515
June 9448 0459 9448 945 + 08 54 -08 99406
Sept 9440 51 9440 9448 + 08 552 -08 95178
Dec 9427 9437 9426 9434 + 08 566 -08 79
W04 9427 9438 9426 9434 + (8 566 -08 76267
June 9421 9430 9418 947 + 0B 573 ~08 61145
Sept 9412 9424 9412 9420 + (8 580 ~-08 60963
Dec 9403 9412 9400 9408 + 08 592 -08 51646
W05 9401 9412 9401 9409 + .08 591 -08 3R
June 9397 9406 9397 9403 + 08 597 -08 35002
Sept 9391 01 9391 9B + 7 68 -0 MW
Dec 9381 9390 9381 9386 + .07 614 -07 25415
W06 9382 9392 9382 9388 + 06 612 -08 19542
June 9378 9387 9378 9383 + 06 617 -06 18291
Sept 9375 9382 9374 N9 + 06 62 -~06 1787
Dec 9365 9373 9364 9369 + 05 631 -05 13136
(117 .. 9372 + 05 828 -05 116%
June 9364 9371 9383 9367 + M4 6 -04 0488
Sept . 938 + M 8} -0 110
Dec . B + 04 64 -04 7780
M08 9355 9361 9352 9357 + M4 643 -4 5200
June 9350 9357 9348 9353 + 03 647 -03 5084

9351 9354 9345 9349 + 03 651 -03 3978

Dec 9342 9345 9336 9340 + 03 660 -~03 36%
M0 . .. . B4+ 02 657 -0 395
June 9339 + 02 661 -0 JM8
Sept 9% + M2 665 - 47
9% + 01 674 -~01 24865

M10 BN + 0 671 -0 254
June 92 + 01 675 -0 2611
Sept B2 + 0 678 =01 264
Dec 93.12 6.68 2897
Est vol 792.400; voi ‘Wed 950073; open int 4338283, 28797
Euro-Yan (CME)-Yan 100,000,000; pts of 100% oPEN

OPEN HIGH LOW SETTLE  CHANGE FvEcl LOW INT.
Mar 9877 977 977 K77 - 01 979 WO K0I79
June 9987 9988 9987 9987 - 01 9989 9820 15401
Sept 9986 9987 9985 9987 - 01 9968 905 12051
Dec 9984 9985 9984 9985 .. 9986 9789 8025
M02 9984 9985 9984 9985 ~ .01 998 9797 494
June 9983 9984 0983 9983 - 01 %985 9787 185
Sept 9978 9978 9977 N8 - 0 979 9TM 1432
Dec 9967 9967 9967 9967 - 01 9988 9777 169
Est vol 4,309; vol Wed 7,187, open int 74,062, +1.49.
Short Ster In&ngFFE)-iBO0.000; pts of 100%
Mar 9445 9451 9445 9450 + 06 9508 9255 144,961
June 9477 9482 9477 9480 + 04 9508 9249 148685
Sept 9495 9498 9493 9497 + 05 9509 9241 204792
Dec 9480 9494 9489 9493 + 06 9507 9231 8147
M02 9482 9486 9482 9485 + 05 9513 9234 732%
June 9473 9476 9472 9475 + 4 9510 9239 83128
Sept 9465 9469 9465 9468 + 04 9511 9238 39315
Oec 9460 9463 9459 9462 + 04 9511 9245 45U
M3 9459 9461 9457 9460 + 04 9469 9249 16439
June 9457 9458 9455 9457 + 03 M58 9277 15276
Sept 9454 0455 9452 9454 + 04 945 9290 22180
Dec 9450 9452 9448 9451 + 03 UL NN 522
MO4 L . .. 9448 + 03 443 9301 3758
June 947 + 03 M4 96K 872
Sept 945+ 03 9416 9B 3t
Oec 945 + 03 N BB 581
Est vol 154,768 vol iWed 213500 open int 852,507 +8,941,
Long Glit (LIFFE) (Doclma? £50,000; ru of 100%

11660 11681 11658 11689 + .41 15574 11310 6,212

Jum 11769 11817 11717 11810 + 41 118 71 57,299
Est vol 26,977 vol Wed 32,350 open int 63,511 +3,405.

3 Month Eurlbor (UFFE) Euro 1,000,000 gém of 100%
Mar 9526 9528 9524 9525 9457 279, 299

Ay .. 3538 ... 3582 9531
June 9558 9560 9556 9550 + 02 9685 940 326977
Sept 9580 9583 9578 9582 + 04 9675 M 341,037
Dec 574 9576 571 9575 + .04 658 %5 200373
M2 9578 9581 9576 9580 + 04 9648 9433 18333
June 9567 9571 9566 9570 + .4 %637 M2 ,
Sept 9560 9562 9556 9561 + 04 9625 A4 63845
Dec 9545 9547 9540 9548 + 04 9606 9406 52546
M03 9542 9548 9541 9544 + 04 9601 A0 37455
June 9537 9539 9535 9538 + 03 9545 BN 1445
Sept 9531 9534 9530 9533 + 03 9534 9391 16503
Dec 9516 9521 9516 9519 + 03 9521 9380 11,770
M04 9519 9518 9518 9519 + 03 9519 93683 3667
June w 913 + 03 9.13 9379 3848
Sept %08 + 03 9507 973 2162
Dec 9495 + 03 949 9364 1106
Mr0S 9494 + 03 995 WU 304
Est vol 436,581 vol Wed 545,643 open int 1,661,500 +37,266.
3 Month Euroswliss (LIFFE) SFr 1,000,000; pts of 100%
e 9690 9700 %89 %96 + 8 T4l %55 65688
Sept 9701 9742 9701 9709 + Q8 9712 9558 337N
Dec 9696 9702 9694 9701 + .07 9702 9545 15382
M2 9703 9707 9700 9706 + 07 9707 9550 8872
June 96.99 9. + 05 9%99 9582 524
Sept + 05 %85 %19 118
Dec 9.86 05 9681 9659 1623
Est vol 30,483 vol Wed 31,992 open int 177670 +8,540.
Canadian Bankers Acceptance (ME{)CSI. 00,000
Mar 9528 9535 9528 9534 + 006 95.35 916 6943
Jme 9556 9568 9555 9566 + (10 9568 9307 73299
Sept 9563 9578 9562 9575 + 042 9578 9306 45109
Dec 9547 9559 9546 9558 + 042 9559 9297 19261
M2 9531 9538 9531 9538 + 008 9538 9320 14002
June 9517 9521 9515 9521 + 005 9521 9295 13095
Sept 9501 9505 9501 9507 + 004 9505 911 373
Dec - 493 + 004 9481 9308 689
Mi03 U8l + 004 958 9% M
June 9476 + 004 9438 939 165
Sept U6y + 004 943 HUR 145
Dec 9462 + 004 9433 9424 100
Est vol 29,885 vol Wed 25.957; open int 239,338, +9.450.

(continued on next page)
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Table 5.5 (continued)

10 Yr. Canadlan Govt. Bonds (ME) -€$100,000 Sept 9988 9988 9987 9987 - 001 9988 9301 78678
Mar 10550 010 10525 10180 5505 Bec 9985 9985 9984 9984 -~ 001 9985 9784 514%
June 1050 10533 10491 10581 + 0.10 10540 10330 61851 M02 9986 9986 9984 9984 - 001 9986 9817 37541
Est vol 2,838; vol Wed 3,551; open int 67,356, —723. June 9985 9985 9983 9983 - 002 9985 11 B
10 Yr. Euro Notlonll ilond MATIF) Euros 100,000 Sept 9379 9979 9977 9976 -~ 001 9979 9835 14517
Mo 9032 9040 005 9055 8633 175003 Dec 9970 970 9968 9967 - 001 9970 BB I
June 9042 90.70 KJZG 9045 + 006 9070 8319 28708 Mr03 . 9980 - 001 9954 9845 2102
Est vol 221,549 vol Wed 218,960; open ml 187,299, +6,100. June . 9951 . %854 B8O 210
3 Month Eurlibor (MA'I‘lF) Euros 1 000,000 Sept 037 9942 BU 5010
Mar B2 - 00 %% MBI 603 | Es v 2567 vol ed 34 gon i 9, +82.
June . 9558 + 002 985 9455 3357 5 Yr, German Euro-Govt. Bo
Sept . 9582 + 003 9675 9447 2,021 SEURO BOBL{ ogEUREX) -Euro 100 000; pts of 100%
Dec « 9575 + 003 958 9437 283 une  106.60 75 10653 106.74 + OIB [575 103.50 465268
Mri2 . 79 + 003 %48 9445 2617 Sept 10702 + 008 10665 10551 9638
June . 9569 + 003 %209 9435 308 vol Thu 456,995; open int 479,927, +46 897,
Sept . 9560 + 004 9621 9427 475 10 Yr. German Euro-Govt. Bond
Dec %46 + 003 9597 9%4.1p 330 SEURO BUND? OQEUREX) -Euro 100,000; pts of 100%
Est vol 0; vol Wed O: open int 18,059, unch. une  109.46 10964 + 008 109.70 106.00 687,7%
3 Yr. Commonwealth T-Bonds (SFE)-A$100,000 Sept 10964 10970 109.49 109.70 + 00t 10970 107.96 5,741
Ma 0544 9557 9543 550 + 009 B5 U5 0 Thu 706,063; open int 693,543, +92,384.
June 9550 9562 9548 9555 + 005 9562 MM 231145 2 Yr. German Euro-Govt. Bond
Est vol 399,603, voi Wed 168,037; open int 231,145, —295,318. SEURO—SCHATZ)OJEUREX) -Euro 100 000 B::' of 100%
EIIIO-VQI'I ASGX Yen 100,000,000 pts Of 100% une 103.03 103 03.07 0227 507,068

Q77 WA - 001 W79 W08 98652 | Sept 10298 ooa e 4304
June 9988 99.88 987 987 . 9988 9817 111646 vol Thu 379199 open int 51% 372, +57505

Source: Reprinted by permission of Dow Jones, Inc., via copyright Clearance Center, Inc.
© 2001 Dow Jones & Company, Inc. All Rights Reserved Worldwide.

Treasury note futures contract, any of the four most recently auctioned Treasury notes
can be delivered.

The remaining discussion in this section focuses on Treasury bond futures. Many
other bond futures contracts traded in the United States and the rest of the world are
designed in a similar way to CBOT Treasury bond futures so that many of the points we
will make are applicable to these contracts as well.

Quotes

Treasury bond futures prices are quoted in the same way as the Treasury bond prices
themselves (see Section 5.9). Table 5.5 shows that the settlement price on March 15,
2001, for the June 2001 contract was 106-04, or 10634~2. One contract involves the
delivery of $100,000 face value of the bond. Thus, a $1 change in the quoted futures
price would lead to a $1,000 change in the value of the futures contract. Delivery can
take place at any time during the delivery month.

Conversion Factors

As mentioned, the Treasury bond futures contract allows the party with the short
position to choose to deliver any bond that has a maturity of more than 15 years and
that is not callable within 15 years. When a particular bond is delivered, a parameter
known as its conversion factor defines the price received by the party with the short
position. The quoted price applicable to the delivery is the product of the conversion
factor and the quoted futures price. Taking accrued interest into account, as described
in Section 5.9, the cash received for each $100 face value of bond delivered is

(Quoted futures price x Conversion factor) + Accrued interest

Each contract is for the delivery of $100,000 face value of bonds. Suppose the quoted
futures price is 90-00, the conversion factor for the bond delivered is 1.3800, and the
accrued interest on this bond at the time of delivery is $3 per $100 face value. The cash
received by the party with the short position (and paid by the party with the long
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position) is then
(1.3800 x 90.00) + 3.00 = $127.20

per 3100 face value. A party with the short position in one contract would deliver
bonds with face value of $100,000 and receive $127,200.

The conversion factor for a bond is equal to the value of the bond per dollar of
principal on the first day of the delivery month on the assumption that the interest rate
for all maturities equals 6% per annum (with semiannual compounding).> The bond
maturity and the times to the coupon payment dates are rounded down to the nearest
three months for the purposes of the calculation. The practice enables the CBOT to
produce comprehensive tables. If, after rounding, the bond lasts for an exact number of
six months, the first coupon is assumed to be paid in six months. If, after rounding, the
bond does not last for an exact number of six months (i.e., there is an extra three
months), the first coupon is assumed to be paid after three months and accrued interest
is subtracted.

As a first example of these rules, consider a 10% coupon bond with 20 years and two
months to maturity. For the purposes of calculating the conversion factor, the bond is
assumed to have exactly 20 years to maturity. The first coupon payment is assumed to
be made after six months. Coupon payments are then assumed to be made at six-month
intervals until the end of the 20 years when the principal payment is made, Assume that
the face value is $100. When the discount rate is 6% per annum with semiannual
compounding (or 3% per six months), the value of the bond is

40

5 100

— 0 = $146.23
;1.03'+1.034° S1462

Dividing by the face value gives a credit conversion factor of 1.4623.

As a second example of the rules, consider an 8% coupon bond with 18 years and
four months to maturity. For the purposes of calculating the conversion factor, the
bond is assumed to have exactly 18 years and three months to maturity. Discounting all
the payments back to a point in time three months from today at 6% per annum
(compounded semiannuaily) gives a value of

36
4 100
§W+m3_ﬁ—- $125.83

The interest rate for a three-month period is +/1.03 — 1, or 1.4889%. Hence, discount-
ing back to the present gives the bond’s value as 125.83/1.014889 = $123.99. Sub-
tracting the accrued interest of 2.0, this becomes $121.99. The conversion factor is
therefore 1.2199.

Cheapest-to-Deliver Bond

At any given time during the delivery month, there are many bonds that can be
delivered in the CBOT Treasury bond futures contract. These vary widely as far as
coupon and maturity are concerned. The party with the short position can choose
which of the available bonds is *“cheapest” to deliver. Because the party with the short

% For contracts with maturities pribr to March 2000, this interest rate was §% in the CBOT conversion factor
calculation,
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Table 5.6 Deliverable bonds in Example

Bond Quoted price () Conversion factor
1 99.50 1.0382
2 143.50 1.5188
3 119.75 1.2615

position receives

(Quoted futures price x Conversion factor) + Accrued interest
and the cost of purchasing a bond is
Quoted price + Accrued interest
the cheapest-to-deliver bond is the one for which
Quoted price — (Quoted futures price x Conversion factor)

is least. Once the party with the short position has decided to deliver, it can determine
the cheapest-to-deliver bond by examining each of the bonds in turn.

Example

The party with the short position has decided to deliver and is trying to choose
among the three bonds in Table 5.6. Assume the current quoted futures price is
93-08, or 93.25. The cost of delivering each of the bonds is as follows:

Bond 1:  99.50 —(93.25 x 1.0382) = $2.69
Bond 2: 143.50 — (93.25 x 1.5188) = $1.87
Bond 3: 119.75 —(93.25 x 1.2615) = $2.12

The cheapest-to-deliver bond is bond 2.

A number of factors determine the cheapest-to-deliver bond. When bond yields are in
excess of 6%, the conversion factor system tends to favor the delivery of low-coupon,
long-maturity bonds. When yields arc less than 6%, the system tends to favor the delivery
of high-coupon, short-maturity bonds. Also, when the yield curve is upward sloping,
there is a tendency for bonds with a long time to maturity to be favored, whereas when it
is downward sloping, there is a tendency for bonds with a short time to maturity to be
delivered.

The Wild Card Play

Trading in the CBOT Treasury bond futures contract ceases at 2:00 p.m. Chicago time.
However, Treasury bonds themselves continue trading in the spot market until 4:00 p.m.
Furthermore, a trader with a short futures position has until 8,00 p.m. to issue to the
clearinghouse a notice of intention to deliver, If the notice is issued, the invoice price is
calculated on the basis of the settlement price that day. This is the price at which
trading was conducted just before the closing bell at 2:00 p.m.

This practice gives rise to an option known as the wild card piay. If bond prices decline
after 2:00 p.m., the party with the short position can issue a notice of intention to deliver
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and proceed to buy cheapest-to-deliver bonds in preparation for delivery at the 2:00 p.m.
futures price. If the bond price does not decline, the party with the short position keeps
the position open and waits until the next day when the same strategy can be used:

As with the other options open to the party with the short position, the wild card
play is not free. Its value is reflected in the futures price, which is lower than it would be
without the option.

Determining the Quoted Futures Price

An exact theoretical futures price for the Treasury bond contract is difficult to
determine because the short party’s options concerned with the timing of delivery
and choice of the bond that is delivered cannot easily be valued. However, if we assume
that both the cheapest-to-deliver bond and the delivery date are known, the Treasury
bond futures contract is a futures contract on a security providing the holder with
known income.® Equation (3.6) then shows that the futures price, Fy, is related to the
spot price, Sy, by

Fo=1(8 —De™ (5.5)

where [ is the present value of the coupons during the life of the futures contract, T is
the time until the futures contract matures, and r is the risk-free interest rate applicable
to a time period of length 7.

Example

Suppose that, in a Treasury bond futures contract, it is known that the cheapest-
to-deliver bond will be a 12% coupon bond with a conversion factor of 1.4000.
Suppose also that it is known that delivery will take place in 270 days. Coupons
are payable semiannually on the bond. As illustrated in Figure 5.2, the last coupon
date was 60 days ago, the next coupon date is in 122 days, and the coupon date
thereafter is in 305 days. The term structure is flat, and the rate of interest (with
continuous compounding) is 10% per annum. Assume that the current quoted
bond price is $120. The cash price of the bond is obtained by adding to this
quoted price the proportion of the next coupon payment that accrues to the
holder. The cash price is therefore

1204+ --L  x6=121978

60 + 122
A coupon of $6 will be received after 122 days (= 0.3342 year). The present value
of this is
Ge~01x0:3342 _ 5003
Maturity
of
Coupon Current Coupon futures Coupon
payment time payment contract payment
— t t } i
60 122 148 35
days days days days

Agure 5.2 Time chart for Example

6 In practice, for the purposes of determining the cheapest-to-deliver in this calculation, analysts usually
assume that zero rates at the maturity of the {utures contract will equal today’s forward rates.
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The futures contract lasts for 270 days (0.7397 year). The cash futures price if the
contract were written on the 12% bond would therefore be

(121.978 — 5.803)e 107397 = 125,094

At delivery there are 148 days of accrued interest. The quoted futures price if the
contract were written on the [2% bond is calculated by subtracting accrued interest:

148
125.094 — 6 x 05103 120.242
The conversion factor means that 1.4000 standard bonds are considered equi-

valent to each 12% bond. The quoted futures price should therefore be

120.242

12000 = 85.887

EURODOLLAR FUTURES

Another very popular United States interest rate futures contract is the three-month
Eurodollar futures contract traded on the Chicago Mercantile Exchange (CME). A
Eurodollar is a dollar deposited in a U.S. or foreign bank outside the United States.
The Eurodollar interest rate is the rate of interest earned on Eurodollars deposited by
one bank with another bank. It is essentially the same as the London Interbank Offer
Rate (LIBOR) mentioned in earlier chaptegs.

Three-month Eurodollar futures contracts are futures contracts on the three-month
Eurodollar interest rate. The contracts have maturities in March, June, September, and
December for up to 10 years into the future. In addition, as can be seen from Table 5.5,
the CME trades short-maturity contracts with maturities in other months.

If Q is the quoted price for a Eurodollar futures contract, the exchange defines

10,000{100 — 0.25(100 — Q)] 5.6)

as the value of one contract. Thus, the settlement price of 95.53 for the June 2001
contract in Table 5.5 corresponds to a contract price of

—

«
10,000[100 — 0.25(100 — 95.53)] = $988,825

It can be seen from equation (5.6) that a change of one basis point or 0.01 in a
Eurodollar futures quote corresponds to a contract price change of $25.

When the third Wednesday of the delivery month is reached the contract is settled in
cash. The final marking to market sets Q equal to 100 — R, where R is the actual three-
month Eurodollar interest rate on that day, expressed with quarterly compounding and
an actual/360 day count convention. Thus, if the three-month Eurodollar interest rate
on the third Wednesday of the delivery month is 8%, the final marking to market is 92,
and the final contract price is from equation (5.6)

10,000{100 — 0.25(100 — 92)] = $980,000

If Q is a Eurodollar futures quote, (100 — )% is the Eurodollar futures interest rate
for a three-month period beginning on the third Wednesday of the delivery month.
Thus Table 5.5 indicates that on March 15, 2001, the futures interest rate for the three-

et 4 o g

T

f g teogees



Interest Rate Markets 117

month period beginning Wednesday June 20, 2001, was 100 — 95.53 = 4.47%. This is
expressed with quarterly compounding and an actual/360 day count convention.

Other contracts similar to the CME Eurodollar futures contracts trade on interest
rates in other countries. As shown in Table 5.5, the CME and SGX trade Euroyen
contracts, LIFFE and MATIF trade Euribor contracts (i.e., contracts on the three-
month LIBOR rate for the euro), and LIFFE trades three-month Euroswiss futures.
(See Table 2.2 for the meaning of these exchange abbreviations.)

Forward vs. Fulures Interest Rates

For short maturities (up to one¢ year) the Eurodollar futures interest rate can be
assumed to be the same as the corresponding forward interest rate. For longer-dated
contracts the differences between futures and forward interest rates mentioned in
Section 3.9 become important.

Analysts make what is known as a convexity adjustment to convert Eurodoliar futures
rates to forward interest rates. One way of doing this is by using the formula

Forward rate = Futures rate — 3o7t,1;

where ¢, is the time to maturity of the futures contract, f; is the time to the maturity of
the rate underlying the futures contract, and o is the standard deviation of the change in
the short-term interest rate in one year. Both rates are expressed with continuous
compounding.” A typical value for o is 1.2% or 0.012.

Example

Consider the situation where o = 0.012, and we wish to calculate the forward rate
when the eight-year Eurodoliar futures price quote is 94. In this case t; = 8§,
t; = 8.25, and the convexity adjustment is

1 x 0.012° x 8 x 8.25 = 0.00475

or 0.475%. The futures rate is 6% per annum on an actual/360 basis with quarterly
compounding. This is 6 x 365/360 = 6.083% per annum on an actual/365 basis
with quarterly compounding or 6.038% with continuous compounding. The
forward rate is, therefore, 6.038 — 0.475 = 5.563% per annum with continuous
compounding.

The forward rate is less than the futures rate.® The size of the adjustment is roughly
proportional to the square of the time to maturity of the futures contract. Thus the
convexity adjustment for the eight-year contract is approximately 64 times that for a
one-year contract.

Using Eurodollar Futures to Determine LIBOR Zero Rates

Spot LIBOR rates are usually used to determine the LIBOR zero curve out to one year.
Beyond one year Eurodollar futures contract are frequently used. Once a convexity
adjustment such as that just described is made, the Eurodollar futures contracts define

? This formula is based on an interest rate model known as the Ho-Lee model.

¥ The reason for this can be seen from the arguments in Section 3.9. The variable underlying the Eurodollar
furures contracts is an interest rate and therefore is highly positively correlated to other interest rates.
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forward rates for future three-month time periods. Suppose that the ith Eurodollar
futures contract matures at time T; (i = 1, 2,...). It is usnally assumed that the forward
interest rate calculated from this futures contract applies to the period T; to T;,,. This
enables a bootstrap procedure to be used to determine zero rates. Suppose that F; is the
forward rate calculated from the ith Eurodollar futures contract and R; is the zero rate
for a maturity T;. From equation (5.1),

F = RinTiy1 — RiT;
l Ty =T
so that
F{T..,, - T)+ RT;
Ri+1 — i+1 - 1) idq (57)
i+1
Exampie

The 400-day LIBOR zero rate has been calculated as 4.80% with continuous
compounding and, from a Eurodollar futures quote, it has been calculated that
the forward rate for a 91-day period beginning in 400 days is 5.30% with con-
tinuous compounding. We can use equation (5.7) to obtain the 491-day rate as

0.053 x 91 +0.048 x 400

91 = 0.04893

or 4.893%.

DURATION

The duration of a bond, as its name implies, is a measure of how long on average the
holder of the bond has to wait before receiving cash payments. A zero-coupon bond
that matures in n years has a duration of » years. However, a coupon-bearing bond
maturing in n years has a duration of less than # years, because the holder receives some
of the cash payments prior to vear n.

Suppose that a bond provides the holder with cash flows ¢; at time ¢; (1 < i £ n). The
price, B, and vield, y (continuously compounded), are related by

B= ;c,-e_’t‘ (5.8

The duration, D, of the bond is defined as

Yo tice
B

n —¥t;
_ c;e
D=2 t"[ B ]

The term in square brackets is the ratio of the present value of the cash flow at time ¢; to
the bond price. The bond price is the present value of all payments. The duration is
therefore a weighted average of the times when payments are made, with the weight
applied to time t; being equal to the proportion of the bond’s total present value
provided by the cash flow at time ¢;. The sum of the weights is 1.0. :

D= (5.9)

This can be written
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Table 5.7 Calculation of duration

Time Cash flow Present value Weight Time x Weight
(years) &)

0.5 5 4.709 0.050 0.025

1.0 5 4.435 0.047 0.047

1.5 5 4.176 0.044 0.066

20 5 3.933 0.042 0.083

2.5 5 3.704 0.039 0.098

30 105 73.256 0.778 2.333
Total 130 94.213 1.000 2.653

From equation (5.8), it is approximately true that
B=—8y) citie™" (5.10)

where 8y is a small change in y and 88 is the corresponding small change in B. (Note
that there is a negative relationship between B and y. When bond yields increase, bond
prices decrease. When bond yields decrease, bond prices increase.) From equations (5.9)

and (5.10),

8B = —BD3dy (5.11)
or

3B

7= —D3éy (5.12)

Equation (5.12) is an approximate relationship between proportional changes in a bond
price and changes in its yield. It is the key duration relationship. It explains why
duration 1s such a popular and widely used measure.

Consider a three-year 10% coupon bond with a face value of $100. Suppose that the
yield on the bond is 12% per annum with continuous compounding. This means that y
= 0.12. Coupon payments of 35 are made every six months. Table 5.7 shows the
calculations necessary to determine the bond’s duration. The present values of the
bond’s cash flows, using the yield as the discount rate, are shown in column 3. (For
example, the present value of the first cash flow is 5¢%'>% = 4.709.) The sum of the
numbers in column 3 gives the bond’s price as 94.213. The weights are calculated by
dividing the numbers in column 3 by 94.213. The sum of the numbers in column 5 gives
the duration as 2.653 years.

Small changes in interest rates are often measured in basis points. A basis point is
0.01% per annum. The following example investigates the accuracy of the duration
relationship in equation (5.11).

Example

For the bond in Table 5. 7 the bond price, B, is 94.213 and the duration, D, is
2.653 so that equation (5.11) gives

= —94.213 x 2.653 8y
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or
3B = —249.958y

When the yield on the bond increases by 10 basis points (= 0.1%), 8§y = +0.001.
The duration relationship predicts that §B = —249.95 x 0.001 = —0.250 so that
the bond price goes down to 94.213 — 0.250 = 93.963. How accurate is this? When
the bond yield increases by 10 basis points to 12.1%, the bond price is

58—0.121:(0.5 + 58_0'121 + 584).121)(1.5

4 §o0H2IX20 | 5,—0121x25 | 05, -0121x5 _ g3 963

which is (to three decimal places) the same as the bond price predicted by the
duration relationship.

Modlified Duration

The preceding analysis is based on the assumption that y is expressed with continuous
compounding. If y is expressed with annual compounding, it can be shown that the
approximate relationship in equation (5.11) becomes

BD 3y

5B =
14y

More generally, if y is expressed with a compounding frequency of m times per year,

BD3y

8B = —
1+ y/m

A variable D* defined by
D

=l+y/m.

*

is sometimes referred to as the bond’s modified duration. 1t allows the duration relation-
ship to be simplified to
8B = —BD" 3y (5.13)

when y is expressed with a compounding frequency of m times per year. The following
example investigates the accuracy of the modified duration relationship.

Example

The bond in Table 5.7 has a price of 94.213 and a duration of 2.653. The yield,
expressed with semiannual compounding is 12.3673%. The modified duration, D*
is

2.653

DFr=—
1 +0.123673/2

= 2.499

From equation (5.13),
8B =—94.213 x 2.4985 8y

or
8B =—235.395y

When the yield (semiannually compounded) increases by 10 basis points
(= 0.1%), 3y = +0.001. The duration relationship predicts that we expect B to
be —235.39x 0.001 = —-0.235 so that the bond price goes down to
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94.213 — 0.235 = 93.978, How accurate is this? When the bond yield (semiannu-
ally compounded} increases by 10 basis points to 12.4673% (or to 12.0941% with
continupus compounding), an exact calculation similar to that in the previous
example shows that the bond price becomes 93.978. This shows that the modified
duration calculation gives good accuracy.

Bond Porifolios

The duration, D, of a bond portfolio can be defined as a weighted average of the
durations of the individual bonds in the portfolio, with the weights being proportional
to the bond prices. Equations (5.11) to (5.13) then apply with B being defined as the
value of the bond portfolio. They estimate the change in the value of the bond portfolio
for a particular change 3y in the yields of all the bonds.

It is important to realize that, when duration is used for bond portfolios, there is an
implicit assumption that the yields of all bonds will change by the same amount. When
the bonds have widely differing maturities, this happens only when there is a parallel
shift in the zero-coupon yield curve. We should therefore interpret equations (5.11) to
(5.13) as providing estimates of the impact on the price of a bond portfolio of a parallel
shift, 3y, in the zero curve.

The duration relatioenship applies only to small changeés in yields. This is illustrated in
Figure 5.3, which shows the relationship between the percentage change in value and
change in yield for two bond portfolios having the same duration. The gradients of the
two curves are the same at the origin. This means that both bond portfolios change in
value by the same percentage for small yield changes and is consistent with equa-
tion (5.12). For large vield changes, the portfolios behave differently. Portfolio X has
more curvature in its relationship with yiclds than portfolio ¥. A factor known as
convexity measures this curvature and can be used to improve the relationship in
equation (5.12).

o

Agure 53 Two bond portfolios with the same duration
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Hedging Porifolios of Assets and Liabiltties

Financial institutions frequently attempt to hedge themselves against interest-rate risk
by ensuring that the average duration of their assets equals the average duration of their
liabilities. (The liabilities can be regarded as short positions in bonds.) This strategy is
known as duration matching or portfolio immunization. When implemented it ensures
that a small parallel shift in interest rates will have little effect on the value of the
portfolio of assets and liabilities. The gain (loss} on the assets should offset the loss
{(gain) on the liabilities.

Duration matching does not immunize a portfolio against nonparallel shifts in the
zero curve, This is a weakness of the approach. In practice, short-term rates are usually
more volatile than and are not perfectly correlated with long-term rates. Sometimes it

‘even happens that short- and long-term rates move in opposite directions to each other.

Financial institutions often try to allow for nonparallel shifts by dividing the zero-
coupon yield curve up into segments and ensuring that they are hedged against a
movement in each segment. Suppose that the ith segment is the part of the zero-coupon
vield curve between maturities ¢; and f;;. A financial institution would examine the
effect of a small increase 8y in all the zero rates with-maturities between ¢; and t; | while
keeping the rest of the zero-coupon yield curve unchanged. If the exposure were
unacceptable, further trades would be undertaken in carefuilly selected instruments to
reduce it. In the context of a bank managing a portfolio of assets and liabilities, this
approach is sometimes referred to as GAP management.

DURATION-BASED HEDGING STRATEGIES

Consider the situation where a position in an interest-rate-dependent asset such as a
bond portfolio or a money market security is being hedged using an interest rate futures
contract. Define:

Fc: Contract price for the interest rate futures contract

Dg: Duration of the asset underlying the futures contract at the maturity of the
futures contract

P: Forward value of the portfolio being hedged at the maturity of the hedge. In
practice this is usually assumed to be the same as the value of the portfolio
today

Dp: Duration of the portfolio at the maturity of the hedge

If we assume that the change in the yieid, 8y, is the same for all maturities, which means
that only parallel shifts in the yield curve can occur, it is approximately true that

8P = —PDp 5y
To a reasonable approximation, it is also true that
8Fc = —F.Dy 8y
The number of contracts required to hedge against an uncertain 8y is, therefore,

N* = PDP
feDp

(5.14)
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This is the duration-based hedge ratio. 1t is sometimes also called the price sensitivity
hedge ratio.” Using it has the effect of making the duration of the entire position
Zero.

When the hedging instrument is a Treasury bond futures contract, the hedger must
base D on an assumption that one particular bond will be delivered. This means that
the hedger must estimate which of the available bonds is likely to be cheapest to deliver
at the time the hedge is put in place. If, subsequently, the interest rate environment
changes so that it looks as though a different bond will be cheapest to deliver, the hedge
has to be adjusted, and its performance may be worse than anticipated.

When hedges are constructed using interest rate futures, it is important to bear in
mind that interest rates and futures prices move in opposite directions, When interest
rates go up, an interest rate futures price goes down. When interest rates go down, the
reverse happens, and the interest rate futures price goes up. Thus, a company in a
position to lose money if interest rates drop should hedge by taking a long futures
position. Similarly, a company in a position to lose money if interest rates rise should
hedge by taking a short futures position.

The hedger tries to choose the futures contract so that the duration of the underlying
asset is as close as possible to the duration of the asset being hedged. Eurodollar futures
tend to be used for exposures to short-term interest rates, whereas Treasury bond and
Treasury note futures contracts are used for exposures to longer-term rates.

Hedging a Bond Poriolio

Suppose it is August 2. A fund manager has $10 million invested in government bonds
and is concerned that interest rates are expected to be highly volatile over the next three
months. The fund manager decides to use the December Treasury bond futures
contract to hedge the value of the portfolio. The current futures price is 93-02, or
93.0625. Because each contract is for the delivery of $100,000 face value of bonds, the
futures contract price is $93,062.50.

The duration of the bond portfolio in three months is 6.8 years. The cheapest-to-
deliver bond in the Treasury bond contract is expected to be a 20-year, 12% per annum
coupon bond. The yield on this bond is currently 8.8% per annum, and the duration
will be 9.2 years at maturity of the futures contract. This example is summarized in
Table 5.8.

The fund manager requires a short position in Treasury bond futures to hedge the
bond portfolio. If interest rates go up, a gain will be made on the short futures position,
and a loss will be made on the bond portfolio. If interest rates decrease, a loss will bx
made on the short position, but there will be a gain on the bond portfolio. The number
of bond futures contracts that should be shorted can be calculated from equation (5.14)
as

10,000,000 6.80

93.062.50 <920~ 4

Rounding to the nearest whole number, the portfolio manager should short 79
contracts.

Suppose that during the period from Angust 2 to November 2, interest rates decline
rapidly and the value of the bond portfolio increases from $10 million to $10,450,000.

¥ For a more detailed discussion of equation (5.14), see R. Rendleman, “Duration-Based Hedging with
Treasury Bond Futures,” Journal of Fixed Income 9(1) (June 1999): 84-91.
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Table 5.8 Hedging a bond portfolio

From the Trader’s Desk— August 2

A fund manager responsible for a $10 million bond portfolio is concerned that
interest rates are expected to be highly volatile over the next three months. The fund
manager decides to use Treasury bond futures to hedge the value of the bond
portfolio. The quoted price for the December Treasury bond futures contract is
93-02. This means that the contract price is $93,062.50.

The Strategy
1. Short 79 December Treasury bond futures contracts on August 2.
2. Close out the position on November 2.

The Result

During the period August 2 to November 2, intercst rates declined rapidly. The
value of the bond portfolio\'\ncreased from $10 million to $10,450,000.

On November 2, the Treasury bond futures price was 98-16. This corresponds to a
contract price of $98,500.00. A loss of 79 x ($98,500.00 — $93,062.50) = $429,562.50
was therefore made on the Treasury bond futures contracts.

Overall, the value of the portfolio manager’s position changed by only
$450,000.00 — $429,562.50 = $20,437.50. :

Suppose further that on November 2, the Treasury bond futures price is 98-16. This
corresponds to a contract price of $98,500. The total loss on the Treasury bond futures
contracts is :
79 x ($98,500.00 — $93,062.50) = $429,562.50

The net change in the value of the portfolio manager’s position is therefore only
$450,000.00 — $429,562.50 = $20,437.50

Because the fund incurs a loss on the futures position, the manager may regret
implementing the hedge. On average, we can expect half of our hedges to lead to these
sorts of regrets. Unfortunately, we do not know in advance which half of the hedges it
will be!

Hedging a Floating-Rate Loan

Interest rate futures can be used to hedge the rate of interest paid by a borrower on a
floating-rate loan. Eurodollar futures are ideal for this because the Eurodollar interest
rate is closely related to the rate of interest at which corporations borrow. We will
consider the use of Eurodollar futures to hedge a three-month loan in which the interest
rate is reset every month. This will produce a simple example. The same principles can
be used for loans that last far longer than three months.

We suppose that it is April 29, and a company has just borrowed $15 million for
three months. The interest rate for each of the three one-month periods will be the one-
month LIBOR rate plus 1%. At the time the loan is negotiated, the one-month LIBOR
rate i1s 8% per annum so that the company must pay 9% per annum for the first month.
Because the one-month LIBOR rate is quoted with monthly compounding, the interest
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Table 5.9 Hedging a floating-rate loan

From the Trader's Desk— April 29

A company has just borrowed $15 million for three months at an interest rate equal
to one-month LIBOR. plus 1% and would like to hedge its risk. Quotes:

1. The one-month LIBOR rate is 8%.

2. The June Eurodoliar futures price is 91.88.

3. The September Eurodollar futures price is 91.44.

The Strategy
1. Short five June contracts and five September contracts.
2. Close out the June contracts on May 29.
3. Close out the September contracts on June 29,

The Result

On May 29 the one-month LIBOR rate was 8.8%, and the June futures price was
91.12. The company gained 5 x ($979,;700 — $977,800) = $9,500 on the five June
contracts. This provided compensation for the $10,000 extra interest payment neces-
sary in the second month because of the increase in LIBOR from 8% to 8.8%.

On June 29 the one-month LIBOR rate was 9.4% and the September futures price
was 90.16. The company gained $16,000 on the five September contracts. This
provided compensation for extra interest costs of $17,500.

for the first month is 0.75% of $15 million, or $112,500. This is known for certain at the
time the loan is negotiated and does not have to be hedged.

The interest paid at the end of the secong month is determined by the one-month
LIBOR rate at the beginning of the second month. It can be hedged by taking a
position in the June Eurodollar futures contract. Suppose that the quoted price for this
contract is 91.88. From Section 5.11, the contract price is

10,000[100 — 0.25(100 — 91.88)] = $979,700

The company will lose money if interest rates rise and gain if interest rates fall. It
therefore requires a short position in the futures contracts. The duration of the asset
underlying the futures contract at maturity of the contract is three months, or 0.25
years. The duration of the liability being hedged is one month, or 0.08333 years. From
equation (5.14), the number of contracts that should be used to hedge the interest
payment in the second month is

0.08333 15,000,000

025 < 99700 — 10

Rounding to the nearest whole number, five contracts are required.

For the third month, the September Eurodoilar futures contract can be used.
Suppose the quoted price for this contract is 91.44, which corresponds to a futures
price of $978,600. The number of futures contracts that should be shorted can be

calculated as before: _
0.08333 15,000,000

0.25  978.600

=5.11

Again, we find that, to the nearest whole number, five contracts are required. Thus, five
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of the June contracts should be shorted to hedge the LIBOR rate applicable to the
second month, and five of the September contracts should be shorted to hedge the
LIBOR rate applicable to the third month. The June contracts are closed out on
May 29, and the September contracts are closed out on June 29.

Suppose that on May 29 the one-month LIBOR rate is 8.8% and the June futures
price is 91.12. The latter corresponds to a contract price of $977,800, so that the

company makes a profit of S

N

5 x ($979,700 — $977,800) = $9,500

on the June contracts. This provided compensation for the extra $10,000 interest {one-

" twelfth of 0.8% of $15 million) that had to be paid at the end of the second month as a

result of the LIBOR increase from 8% to 8.8%.

Suppose further that on June 29 the one-month- LIBOR rate is 9.4% and the
September futures price is 90.16. A similar calculation to that just given shows that
the company gains $16,000 on the short futures position, but incurs extra interest costs
of $17,500 as a result of the increase in one-month LIBOR from 8% per annum to
9.4% per annum. This example is summarized in Table 5.9.

SUMMARY

Many different interest rates are quoted in financial markets and calculated by analysts.
The n-year zero rate or n-year spot rate is the rate applicable to an investment lasting
for n years when all of the return is rcalized at the end. Forward rates are rates
applicable to futures periods of time implied by today’s zero rates. The par yield on
a bond of a certain maturity is the coupon rate that causes the bond to sell for its par
value.

Treasury rates should be distinguished from LIBOR rates. Treasury rates are the rates
at which the government of the country borrows and are often referred to as risk-free
rates. LIBOR rates are the rates at which one large international bank is prepared to
lend to another large international bank.

Two very popular interest rate contracts are the Treasury bond and Eurodollar
futures contracts that trade in the United States. In the Treasury bond futures contracts,
the party with the short position has a number of interesting delivery options:

1. Delivery can be made on any day during the delivery month.
2. There are a number of alternative bonds that can be delivered.

3. On any day during the delivery month, the notice of intention to deliver at the
2:00 p.m. settlement price can be made any time up to 8:00 p.m. -
These options all tend to reduce the futures price.

The Eurodollar futures contract is a contract on the three-month rate starting on
the third Wednesday of the delivery month. Eurodollar futures are frequently used to
estimate LIBOR forward rates for the purpose of constructing a LIBOR zero curve,
When long-dated contracts are used in this way, it is important to make what is
termed a convexity adjustment to allow for the marking to market in the futures
contract.

The concept of duration is important in hedging interest rate risk. Duration measures
how long on average an investor has to wait before receiving payments. It is a weighted
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average of the times until payments are received, with the weight for a particular
payment time being proportional to the present value of the payment.
A key result underlying the duration-based hedging scheme described in this chapter is

5B = ~BD 8y

where B is a bond price, D is its duration, 8y is a small change in its yield
(continuously compounded), and 38 is the resultant small change in B. The equation
enables a hedger to assess the sensitivity of a bond price to small changes in its yield.
It also enables the hedger to assess the sensitivity of an interest rate futures price to
small changes in the yield of the underlying bond. If the hedger is prepared to assume
that 8y is the same for all bonds, the result enables the hedger to calculate the number
of futures contracts necessary to protect a bond or bond portfolio against small
changes in interest rates.

The key assumption underlying the duration-based hedging scheme is that all interest
rates change by the same amount. This means that only parallel shifts in the term
structure are allowed for. In practice, short-term interest rates are generally more
volatile than are long-term interest rates, and hedge performance is liable to be poor
if the duration of the bond underlying the futures contract differs markedly from the
duration of the asset being hedged.
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Quiz (Answers at End of Book)

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

It is January 9, 2001. The price of a Treasury bond with a 12% coupon that matures on
October 12, 2009, is quoted as 102-07. What ,‘is the cash price?

Suppose that zero interest rates with continuous compounding are as follows:

Maturity (years) Rate (% per annum)
1 8.0
2 7.5
3 7.2
4 7.0
5 6.9

Calculate forward interest rates for the second, third, fourth, and fifth years.

The term structure is upward sloping. Put the following in order of magnitude:

a. The five-year zero rate

b. The yield on a five-year coupon-bearing bond

¢. The forward rate corresponding to the period between $ and 5.25 years in the future
What is the answer to this question when the term structure is downward sloping?

The six-month and one-year zero rates are both 10% per annum. For a bond that lasts 18
months and pays a coupon of 8% per annum (with a coupon payment having just been
made), the yield is 10.4% per annum. What is the bond’s price? What is the 18-month
zero rate? All rates are quoted with semiannual compounding.

The price of a 90-day Treasury bill is quoted as 10.00. What continuously compounded
return (on an actual/365 basis) does an investor earn on the Treasury bill for the 90-day
period?

What assumptions does a duration-based hedging scheme make about the way in which
the term structure moves?

It is January 30. You are managing a bond portfolio worth $6 million. The duration of
the portfolio in six months will be 8.2 years. The September Treasury bond futures price
is currently 108-15, and the cheapest-to-deliver bond will have a duration of 7.6 years in
September. How should you hedge against changes in interest rates over the next six
months?

Questions and Problems (Answers in Solutions Manudl)

5.8.

5.9.

5.10.

5.11.

Suppose that 6-month, 12-month, 18-month, 24-month, and 30-month zero rates are 4%,
4.2%, 4.4%, 4.6%, and 4.8% per annum with continuous compounding respectively.
Estimate the cash price of a bond with a face value of 100 that will mature in 3¢ months
pays a coupon of 4% per annum semiannually.

-A three-year bond provides a coupon of 8% semiannually and has a cash price of 104.

What is the bond yield?

Suppose that the 6-month, 12-month, 18-month, and 24-month zero rates are 5%, 6%,
6.5%, and 7% respectively. What is the two-year par yield?

Explain carefully why liquidity preference theory is consistent with the observation that
the term structure tends to be upward sloping more often than it is downward sloping.
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5.12.

5.13.

5.14,

5.15.

5.16.

5.17.

5.18.

5.19.

J

Suppose that zero interest rates with continuous compotinding are as follows:
Maturity (years) Rate (% per annum)

1 12.0

2 13.0

3 13.7

4 14,2

5 14.5

Calculate forward interest rates for the second, third, fourth, and fifth years.

Suppose that zero interest rates with continuous compounding are as follows:
Maturity (months) Rate (% per annum)

3 3.0

6 8.2

9 8.4

12 8.5

15 8.6

18 8.7

Calculate forward interest rates for the second, third, fourth, fifth, and sixth quarters.

The cash prices of six-month and one-year Treasury bills are 94.0 and 89.0. A 1.5-year
bond that will pay coupons of $4 every six months currently sells for $94.84. A two-year
bond that will pay coupons of $5 every six months currently sells for $97.12. Calculate the
six-rmonth, one-year, 1.5-year, and two-year zero rates.

A 10-year, 8% coupon bond currently sells for $90. A 10-year, 4% coupon bond currently
sells for $80. What is the 10-year zero rate? (Hint: Consider taking a long position in two
of the 4% coupon bonds and a short position in one of the 8% coupon bonds.)

It is May S, 2003. The quoted price of a government bond with a 12% coupon that
matures on July 27, 2011, is 110-17. What is the cash price?

Suppose that the Treasury bond futures price is 101-12. Which of the following four
bonds is cheapest to deliver?

Bond Price Conversion factor ' (
1 125-05 1.2131
2 142-15 1.3792
3 115-31 1.114%
4 144-02 1.4026

It is July 30, 2001. The cheapest-to-deliver bond in a September 2001 Treasury bond
futures contract is a 13% coupon bond, and delivery is expected to be made on September
30, 2001. Coupon payments on the bond are made on February 4 and August 4 each year.
The term’structure is flat, and the rate of interest with semiannual compounding is 12%
per annum. The conversion factor for the bond is 1.5. The current quoted bond price is
$110. Calculate the quoted futures price for the contract.

An investor is looking for arbitrage opportunities in the Treasury bond futures market.
What complications are created by the fact that the party with a short position can choose
to deliver any bond with a maturity of over 15 years?
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5.20.
5.21.

5.22.

5.23.

5.24.

5.25.

5.26.
5.27.
5.28.
5.29.

5.30.
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-

Assuming that zero rates are as in Problem 5.13, what is the value of an FRA that enables
the holder to earn 9.5% for a three-month period starting in one year on a principal of
$1,000,0007 The interest rate is expressed with quarterly compounding.

Suppose that the nine-month LIBOR interest rate is 8% per annum and the six-month
LIBOR interest rate is 7.5% per annum (both with continuous compounding). Estimate
the three-month Eurodollar futures price quote for a contract maturing in six months.

A five-year bond with a yield of 11% (continuously compounded) pays an 8% coupon at

the end of each year.

a. What is the bond’s price?

b. What is the bond’s duration?

c. Use the duration to calculate the effect on thc bond’s price of a 0.2% decrease in its
yield,

d. Recalculate the bond’s price on the basis of a 10.8% per annum yield and verify that
the result is in agreement with your answer to {(c).

Suppose that a bond portfolio with a duration of 12 years is hedged using a futures
contract in which the underlying asset has a duration of four years. What is likely to be
the impact on the hedge of the fact that the 12-year rate is less volatile than the four-year
rate?

Suppose that it is February 20 and a treasurer realizes that on July 17 the company will
have to issue $5 million of commercial paper with a maturity of 180 days. If the paper
were issued today, the company would realize $4,820,000. (In other words, the company
would receive $4,820,000 for its paper and have to redeem it at $5,000,000 in 180 days’
time.) The September Eurodollar futures price is quoted as 92.00. How should the
treasurer hedge the company’s exposure?

On August | a portfolio manager has a bond portfolio worth $10 miilion. The duration of
the portfolio in October will be 7.1 years. The December Treasury bond futures price is
currently 91-12 and the cheapest-to-deliver bond will have a duration of 8.8 years at
maturity, How should the portfolio manager immunize the portfolio against changes in
interest rates over the next two months?

How can the portfolio manager change the duration of the portfolio to 3.0 years in
Problem 5.257

Between February 28, 2002, and March 1, 2002, you have a choice between owning a
government bond paying a 10% coupon and a corporate bond paying a 10% coupon.
Consider carefully the day count conventions discussed in this chapter and decide which
of the two bonds you would prefer to own. Ignore the risk of default.

Suppose that a Eurodollar futures quote is 88 for a contract maturing in 60 days. What is
the LIBOR forward rate for the 60- to 150-day period? Ignore the difference between
futures and forwards for the purposes of this question.

“When the zero curve is upward sloping, the zero rate for a particular maturity is greater
than the par yield for that maturity. When the zero curve is downward sloping the reverse
is true.” Explain why this is 50,

The three-month Eurodollar futures price for a contract maturing in six years is quoted as
95.20. The standard deviation of the change in the short-term interest rate in one year is
1.1%. Estimate the forward LIBOR interest rate for the period between 6.00 and 6.25
years in the future.
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5.31.

5.33.

5.34.

5.35.

Assume that.a bank can b01row or lend money dt the same mtelest mte in the LIBOR
market. The 91-day rate is 10% per-annum, and. the 182 -day:rate is:10.2% per-annum,
both expréssed ‘with continuous - ‘compounding.;: The:- Eurodollar - futures- price for a

contract maturing in 91 days is quoted as 89 S. What drbltmge OppOl‘tletleb are open
to the bank? SR Co AU , \

. A Canadian company wnshes to create’i Camdmn LIBOR futures contract from a U.S.

Eurodollar futures contract and forward contracts on forelgn exchange Usmg an

example, explain how the company should proceed; For the’ purposes of thlS problem,
assume that a futures contract is the same as a forward contract.

Portfolio A consists of a one-year zero-coupon bond with a face value of $2,000 and a
10-year zero-coupon bond with a face value of $6,000. Portfolio B consists of a 5.95- -year

discount bond with a face value of $5,000. The current yield on all bonds is 10% per
annum.

a. Show that both portfolios have the same duration. :
b. Show that the percentage changes in the values of the two portfollos for a 0.1% per
annum increase in yields. are the same.

c. What are the percentage changes in the values of the two portfohos for a 5% per
anpum increase-in yields? ~

The following table gives the prices of bonds: -
Bond . Tinie to Annual "~ Bond
principal maturity coupon price
$ (years) RGN ®
0o . 0.50 0.0 98
100 , 1.00 0.0 ‘ 95
100 1.50 62 10
100 2.00 8.0 104

* Hall the stated coupon is assumed to be paid every six months.

a. Calculate zero rates for maturities of 6 months, 12 months, 18 months, and 24 months.
b. What are the forward rates for the periods: 6 months to 12 months, [2 months to 18
months, 18 months to 24 months? .

c. What are the 6-month, 12-month, 18-month, and 24 month par yields for bonds that
provide semiannual coupon payments?

d. Estimate the price and yield of a two-year bond provndmg a semiannual coupon of 7%
per annum.

It is June 25, 2001. The futures prlce for the June 2001 CBOT bond futures contract is
118-23.

a. Calculate the conversion factor for a bond maturmg on January 1, 2017, paying a
coupon of 10%.

b. Calculate the conversion factor for a bond maturmg on October 1, 2022, paying a
coupon of 7%.

c. Suppose that the quoted prices of the bonds in (a) and (b) are 169. 00 and 136. 00,
respectively. Which bond is cheaper to deliver?

d. Assuming that the cheapest to-deliver bond is actually dehvered ‘what is the cash prlce
received for the bond?
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5.36. A portfolio manager plans to use a Treasury bond futures contract to hedge a bond
portfolio over the next three months. The portfolio is worth $100 million and will have a
duration of 4.0 years in ‘three months. The futures price is 122, and each futures contract
is on $100,000 of bonds. The bond that is expected to be cheapest to deliver will have a
duration of 9.0 years at the maturity of the futures contract. What position in futures
contracts is required? _

a. What adjustments to the hedge are necessary if after one month the bond that is
expected to be cheapest to deliver changes to one with a duration of seven years?

b. Suppose that all rates increase over the three months, but long-term rates increase less
than short-term and medium-term rates. What is the effect of this on the performance
of the hedge?
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