Introduction and Overview

1.1 WHAT IS FIXED INCOME ANALYSIS?

This book develops and studies techniques and models that are helpful in the
analysis of fixed income securities. It is difficult to give a clear-cut and universally
accepted definition of the term ‘fixed income security. Certainly, the class of fixed
income securities includes securities where the issuer promises sine or several fixed,
predetermined payments at given points in time. This is the case for standard
deposit arrangements and bonds. However, we will also/cansider several related
securities as being fixed income securities, although th= payoffs of such a security
are typically not fixed and known at the time whcy the investor purchases the
security, but depend on the future development it seme particular interest rate or
the price of some basic fixed income security. I tiis broader sense of the term, the
many different interest rate and bond derivaiives are also considered fixed income
securities, for example options and futui=c'on bonds or interest rates, caps and
floors, swaps and swaptions.

The prices of many fixed incom« securities are often expressed in terms of var-
ious interest rates and yields, serinderstanding fixed income pricing is equivalent
to understanding interest rate behaviour. The key concept in the analysis of fixed
income securities and interest rate behaviour is really the term structure of interest
rates. The interest rate-on a'loan will normally depend on the maturity of the loan,
and in the bond matireis there will often be differences between the yields on short-
term bonds and long-term bonds. Loosely, the term structure of interest rates is
defined as the dependence between interest rates and Maturities. We will be more
concrete later on.

We split the overall analysis into two parts which are clearly related to each
other. The first part focuses on the economics of the term structure of interest
rates, in the sense that the aim is to explore the relations between interest rates
and other macroeconomic variables such as aggregate consumption, production,
inflation, and money supply. This will help us understand the level of bond prices
and interest rates and the shape of the term structure of interest rates at a given
point in time and it will give us some tools for understanding and studying the
reactions of interest rates and prices to macroeconomic news and shocks. The
second part of the analysis focuses on developing tools and models for the pricing
and risk management of the many different fixed income securities. Such models
are used in all modern financial institutions that trade fixed income securities or
are otherwise concerned with the dynamics of interest rates.
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In this chapter we will first introduce some basic concepts and terminology
and discuss how the term structure of interest rates can be represented in various
equivalent ways. In Section 1.3 we take a closer look at the bond and money markets
across the world. Among other things we will discuss the size of different markets,
the distinction between domestic and international markets, and who the issuers
of bonds are. Section 1.4 briefly introduces some fixed income derivatives. Finally,
a detailed outline of the rest of the book is given in Section 1.5.

1.2 BASIC BOND MARKET TERMINOLOGY

The simplest fixed income securities are bonds. A bond is nothing but a tradable
loan agreement. The issuer sells a contract promising the holder a predetermined
payment schedule. Bonds are issued by governments, private and public corpo-
rations, and financial institutions. Most bonds are subsequenly traded at orga-
nized exchanges or over-the-counter (OTC). Bond investorsiti-lude pension funds
and other financial institutions, the central banks, corporations, and households.
Bonds are traded with various maturities and with variou: types of payment sched-
ule. In the so-called money markets major financijal institations offer various bond-
like loan agreements of a maturity of less than ¢n: year. Below, we will introduce
some basic concepts and terminology.

1.2.1bond types

We distinguish between zero-coupon bonds and coupon bonds. A zero-coupon
bond is the simplest possible ond. It promises a single payment at a single future
date, the maturity date.of th= pond. Bonds which promise more than one payment
when issued are referred to as coupon bonds. We will assume throughout that the
face value of any %ond is equal to 1 unit of account unless stated otherwise. For
concreteness, we.wiil often refer to the unit of account as a ‘dollar’ Suppose that
at some date t a zero-coupon bond with maturity T > t is traded in the financial
markets at a price of B,l. This price reflects the market discount factor for sure
time T payments. If many zero-coupon bonds with different maturities are traded,
we can form the function T + B,f, which we call the market discount function
prevailing at time ¢. Note that B/ = 1, since the value of getting 1 dollar right away
is 1 dollar, of course. Presumably, all investors will prefer getting 1 dollar at some
time T rather than at a later time S. Therefore, the discount function should be
decreasing, that is

1>BI>BS>0, t<T<S.

A coupon bond has multiple payment dates, which we will generally
denote by T3, T5, ..., T,. Without loss of generality we assume that T1 < T <
.-+ < Ty. The payment at date T; is denoted by Y;. For almost all traded coupon
bonds the payments occur at regular intervals so that, for all i, T;4; — T; = § for
some fixed §. If we measure time in years, typical bonds have § € {0.25,0.5,1}
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corresponding to quarterly, semi-annual, or annual payments. The size of each
of the payments is determined by the face value, the coupon rate, and the amor-
tization principle of the bond. The face value is also known as the par value or
principal of the bond, and the coupon rate is also called the nominal rate or stated
interest rate. In many cases, the coupon rate is quoted as an annual rate even when
payments occur more frequently. If a bond with a payment frequency of § has a
quoted coupon rate of R, this means that the periodic coupon rate is R.

Most coupon bonds are so-called bullet bonds or straight-coupon bonds where
all the payments before the final payment are equal to the product of the coupon
rate and the face value. The final payment at the maturity date is the sum of the
same interest rate payment and the face value. If R denotes the periodic coupon
rate, the payments per unit of face value are therefore

Y, = R, z.=1,...,n—1
1+R, i=n
Of course for R = 0 we are back to the zero-coupon bond.

Other bonds are so-called annuity bonds, which are construc:cd so that the total
payment is equal for all payment dates. Each payment is the sum of an interest
payment and a partial repayment of the face value. '[hz"outstanding debt and
the interest payment are gradually decreasing over-the'life of an annuity, so that
the repayment increases over time. Let R again denote the periodic coupon rate.
Assuming a face value of 1, the constant period'ic payment is

R

Yi=Y= S i=1...,n
1— (14"

The outstanding debt of the annuily immediately after the 7’th payment is

1— (14 R)~"D
D= yL,
R

the interest part of the 7ith payment is

1— 1+ R)~(n=i+D

I; =RD;_; =R
1-(1+R)™"

and the repayment part of the ’th payment is
X;=Y(@1+R)~"HD

sothat X; +I; =Y.

Some bonds are so-called serial bonds where the face value is paid back in equal
instalments. The payment at a given payment date is then the sum of the instalment
and the interest rate on the outstanding debt. The interest rate payments, and
hence the total payments, will therefore decrease over the life of the bond. With
a face value of 1, each instalment or repayment is X; = 1/n,i =1,. .., n. Inmedi-
ately after the /’th payment date, the outstanding debt must be D; = (n —i)/n =
1 — (i/n). The interest payment at T; is therefore I; = RD;_; = R(1 — (i — 1)/n).
Consequently, the total payment at T; must be
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1 i—1
Yi=X;+1; = —+R<1— —>
n n

Finally, few bonds are perpetuities or consols that last forever and only pay
interest, thatis Y; = R,i =1,2,. ... The face value of a perpetuity is never repaid.

Most coupon bonds have a fixed coupon rate, but a small minority of bonds have
coupon rates that are reset periodically over the life of the bond. Such bonds are
called floating rate bonds. Typically, the coupon rate effective for the payment at
the end of one period is set at the beginning of the period at the current market
interest rate for that period, for example to the 6-month interest rate for a floating
rate bond with semi-annual payments. We will look more closely at the valuation
of floating rate bonds in Section 1.2.5.

A coupon bond can be seen as a portfolio of zero-coupon bonds, namely a
portfolio of Y; zero-coupon bonds maturing at T, Y, zero-coupon bonds maturing
at T, and so on. If all these zero-coupon bonds are traded in the market, the price
of the coupon bond at any time ¢ must be

B,= ) Y/, (L)

Ti>t

where the sum is over all future payment dates-of tiie coupon bond. If this rela-
tion does not hold, there will be a clear arbiirage-opportunity in the market. The
absence of arbitrage is a cornerstone of financial asset pricing, since a market in
which prices allow for the construction of arbitrage opportunities cannot be in
equilibrium. More on arbitrage and =8s<¢ pricing theory in Chapter 4.

Example 1.1 Consider a bullet b¢ad with a face value of 100, a coupon rate of 7%,
annual payments, and exactly} years to maturity. Suppose zero-coupon bonds
are traded with face values. of 1 dollar and time-to-maturity of 1, 2, and 3 years,
respectively. Assume thau ttie prices of these zero-coupon bonds are BtH'1 = 0.94,
B/ = 0.90,and B2 = 0.87. According to (1.1), the price of the bullet bond must
then be

By =7-094+7-0.90+ 107 - 0.87 = 105.97.

If the price is lower than 105.97, risk-free profits can be locked in by buying the
bullet bond and selling 7 1-year, 7 2-year, and 107 3-year zero-coupon bonds. If the
price of the bullet bond is higher than 105.97, sell the bullet bond and buy 7 1-year,
7 2-year, and 107 3-year zero-coupon bonds.

If not all the relevant zero-coupon bonds are traded, we cannot justify the
relation (1.1) as a result of the no-arbitrage principle. Still, it is a valuable rela-
tion. Suppose that an investor has determined (from private or macroeconomic
information) a discount function showing the value she attributes to payments at
different future points in time. Then she can value all sure cash flows in a consistent
way by substituting that discount function into (1.1).

The market prices of all bonds reflect a market discount function, which is the
result of the supply of and demand for the bonds of all market participants. We can
think of the market discount function as a very complex average of the individual
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discount functions of the market participants. In most markets only few zero-
coupon bonds are traded, so that information about the discount function must
be inferred from market prices of coupon bonds. We discuss ways of doing that in
Chapter 2.

1.2.2 Bond yields and zero-coupon rates

Although discount factors provide full information about how to discount
amounts back and forth, it is pretty hard to relate to a 5-year discount factor of
0.7835. It is far easier to relate to the information that the 5-year interest rate is 5%.
Interest rates are always quoted on an annual basis, that is as some percentage per
year. However, to apply and assess the magnitude of an interest rate, we also need
to know the compounding frequency of that rate. More frequent compounding of
a given interest rate per year results in higher ‘effective’ interest rates. Furthermore,
we need to know at which time the interest rate is set or observe< und for which
period of time the interest rate applies. First we consider spot rai=c which apply to
a period beginning at the time the rate is set. In the next subsection, we consider
forward rates which apply to a future period of time.

The yield of a bond is the discount rate which has the property that the present
value of the future payments discounted at that ratc is equal to the current price
of the bond. The convention in many bond marir¢tsis to quote rates using annual
compounding. For a coupon bond with currert price B; and payments Yi,..., Y,
attime T, . . ., Ty, respectively, the annually:omnpounded yield is then the number

)7? satisfying the equation

A A —(Ti—1t)
B =% y,-(1+yf) .

Sl
Ti>t
Note that the same discounturate is applied to all payments. In particular, for a zero-

coupon bond with a pay=iient of 1 at time T, the annually compounded yield ﬁtT at
time t < T is such/that

BtT — (1+)’/\tT)—(T—t)

and, consequently,

—1/(T—1)
AT T
Yi = (Bt ) - L

We call ﬁtT the time ¢ zero-coupon yield, zero-coupon rate, or spot rate for date 7.
The zero-coupon rates as a function of maturity is called the zero-coupon yield
curve or simply the yield curve. It is one way to express the term structure of inter-
est rates. Due to the one-to-one relationship between zero-coupon bond prices
and zero-coupon rates, the discount function T +> B, and the zero-coupon yield
curve T ﬁtT carry exactly the same information.

Figure 1.1 shows yields on U.S. government bonds of maturities of 1, 5, and 10
years over the period from January 1954 to February 2010. Note the high vari-
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Fig. 1.I: Yields of nominal U.S. Treasury bonds of matuities of 1 year, 5 years, and 10 years
from January 1954 to February 2010.

Source: the homepage of the Federal Reserve (www.#s4eralreserve.gov) at 2 March, 2010.

ability of the level of interest rates cver the full period, whereas over shorter
periods yields are quite persistent. Short-maturity yields are more volatile than
long-maturity yields. Most @t tae time, the 1-year yield is less than the 5-year
yield which again is less.than the 10-year yield indicating that the yield curve
is typically upward-sloping. This is also reflected by Fig. 1.2, which shows U.S.
yield curves from Janpary in the years 1985, 1990, 1995, 2000, 2005, and 2010.
The yield curve irom January 1990 is almost flat, but the other yield curves are
upward-sloping.at least up to maturities of 5-10 years after which the curves
are relatively flat. However, in some rather short time periods, short-maturity
yields have been higher than long-maturity yields indicating a downward-sloping
or inverted yield curve. Sometimes the yield curve is non-monotonic and may
exhibit a ‘hump’ (first increasing to a maximum, then decreasing) or a ‘trough’
(first decreasing to a minimum, then increasing) or have some even more complex
shape.

For some bonds and loans interest rates are quoted using semi-annual, quarterly,
or monthly compounding. An interest rate of R per year compounded m times a
year, corresponds to a discount factor of (1+ R/m)~" over a year. The annually
compounded interest rate that corresponds to an interest rate of R compounded m
times a year is (14 R/m)™ — 1. This is sometimes called the “effective” interest
rate corresponding to the nominal interest rate R. This convention is typically
applied for interest rates set for loans at the international money markets, the most
commonly used being the LIBOR (London InterBank Offered Rate) rates that are
fixed in London. The compounding period equals the maturity of the loan with
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Fig. 1.2: Yield curves determined from nominal U.S. Treasury bonds in January of 1985,
1990, 1995, 2000, 2005, and 2010. The curves-are drawn by connecting reported yields for
maturities of 1, 3, and 6 months as well as 1,.2, 3, 5, 7, 10, 20, and 30 years. For the curves
from 1985, 1990, 1995, and 2000 there is 2 data for the I-month yield. For the 1990 curve
the 20-year yield is obtained by intespolating the reported 10-year and 30-year yields. For
the 2005 curve there is no data for tnc 30-year yield.

Source: the homepage of the Federaieserve (www.federalreserve.gov) at 2 March, 2010.

3, 6, or 12 monthss tiie most frequently used maturities. If the quoted annualized
rate for say a 3-month loan is [/7°, it means that the 3-month interest rate is

117023 /4 = 0.251/702% 50 that the present value of 1 dollar paid 3 months from
now is

Btt+0.25 — 1 )
14 0.251/10-%

Hence, the 3-month rate is

pr+02s _ 1 L
t 0.25 Btt+0.25

More generally, the relations are

1
Bl = — 12
SRS T G a2
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1 1
= — (= —1).
! T_t<BtT )

We shall use the term LIBOR rates for interest rates that are quoted in this way.
Note that if we had a full LIBOR rate curve T > 17, this would carry exactly the
same definition as the discount function T + B,l. Some fixed income securities
provide payofts that depend on future values of LIBOR rates. In order to price such
securities it is natural to model the dynamics of LIBOR rates and this is exactly
what is done in one popular class of term structure models (see Chapter 11).
Increasing the compounding frequency m, the effective annual return of 1 dollar
invested at the interest rate R per year increases to eX, due to the mathematical

result saying that
R m
lim <1 + —) =ef
m—o0 m

A nominal, continuously compounded interest rate R is equivalent to an annually
compounded interest rate of e® — 1 (which is bigger than R). Similarly, the zero-
coupon bond price B/ is related to the continuously cumpounded zero-coupon
rate y! by

and

BT = gD (13)

so that

- 1
PN — InB[L.
o) T _¢ t

The function T +> y! is'aiso a zero-coupon yield curve that contains exactly the
same information ag-the discount function T + B! and also the same informa-
tion as the annu«liz. compounded yield curve T +— )?tT (or the yield curve with
any other compounding frequency). We have the following relation between the
continuously compounded and the annually compounded zero-coupon rates:

ytT =In(1+ ﬁtT).

For mathematical convenience we will focus on the continuously compounded
yields in most models.

1.2.3 Forward rates

While a zero-coupon or spot rate reflects the price on a loan between today and
a given future date, a forward rate reflects the price on a loan between two future
dates. The annually compounded relevant forward rate at time ¢ for the period

~T,S ..
between time T and time S is denoted by f, . Here, we have t < T < S. This is
the rate which is appropriate at time ¢ for discounting between time T'and S. We can
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think of discounting from time S back to time ¢ by first discounting from time S
to time T and then discounting from time T to time . We must therefore have

that
o\ —(5-D (=D AT,5\—(5=D)
(+98) =" AT) (14)

from which we find that

215 (L4~ (T-0/6=D)
! (14 55)~E=0/6=1D

We can also write (1.4) in terms of zero-coupon bond prices as

AT,8\ —(§=T)
BS =B/ (1 +£, ) , (15)

so that the forward rate is given by

1/(S—T)
fT,s _ (B[] / .
t = BS .

Note that since B} = 1, we have

s (BEYETD (V6D s
fi = E _1:_‘\"1) —1=y;,

t

that is the forward rate for a period sturting today equals the zero-coupon rate or
spot rate for the same period.
Again, we may use periodic .compounding. For example, a 6-month forward

LIBOR rate of LtT TH0-5 yalid for the period [T, T + 0.5] means that the discount
factor is

) -1
Bt”O‘S _ B[T (1 105 LtT’T+O'5)

so that

[rr+os 1 B/ _1
t =05\ BTHos :

More generally, the time ¢ forward LIBOR rate for the period [T, S] is given by

1 BT
AN St S 1.6
! S—T(Bts ) =

If /5 denotes the continuously compounded forward rate prevailing at time ¢
for the period between T and S, we must have that

T,8
BS = Ble /"D,
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by analogy with (1.5). Consequently,

T,S _ _lnBts — lnB[T

f ST 17)

Using (1.3), we get the following relation between zero-coupon rates and forward
rates under continuous compounding:

fT,S _ yiS—1—yl(T—1)
g S—T '

(1.8)

In the following chapters, we shall often focus on forward rates for future peri-
ods of infinitesimal length. The forward rate for an infinitesimal period starting
at time T is simply referred to as the forward rate for time T and is defined as
T =lims_, 7 f. The function T > f is called the term structure of forward
rates or the forward rate curve. Letting S — T in the expression (1.7), we get

dlnB'  0B!/0T

= : L9
aT Bf ()

fil =

assuming that the discount function T + B/ is diflereiitiable. Conversely,

fu

T
Bl = ¢ /i £ (1.10)

Note that a full term structure of forwaz{ rates T +> f;' contains the same infor-
mation as the discount function T 5",
Applying (1.8), the relation between the infinitesimal forward rate and the spot

rates can be written as

Uy (T—H] _ 7

Iyl
9T et T

o7 7D

fLde
t
under the assumption of a differentiable term structure of spot rates T > y!. The
forward rate 1{locts the slope of the zero-coupon yield curve. In particular, the
forward rate f; und the zero-coupon rate y! will coincide if and only if the zero-
coupon yield curve has a horizontal tangent at T. Conversely, we see from (1.10)
and (1.3) that

T 1 ’
Ve =T, /t £ du, (1.11)

that is the zero-coupon rate is an average of the forward rates.

1.2.4 The term structure of interest rates in different disguises

We emphasize that discount factors, spot rates, and forward rates (with any com-
pounding frequency) are perfectly equivalent ways of expressing the same infor-
mation. If a complete yield curve of, say, quarterly compounded spot rates is given,
we can compute the discount function and spot rates and forward rates for any
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given period and with any given compounding frequency. If a complete term
structure of forward rates is known, we can compute discount functions and spot
rates, and so on. Academics frequently apply continuous compounding since the
mathematics involved in many relevant computations is more elegant when expo-
nentials are used, but continuously compounded rates can easily be transformed
to any other compounding frequency.

There are even more ways of representing the term structure of interest rates.
Since most bonds are bullet bonds, many traders and analysts are used to thinking
in terms of yields of bullet bonds rather than in terms of discount factors or zero-
coupon rates. The par yield for a given maturity is the coupon rate that causes a
bullet bond of the given maturity to have a price equal to its face value. Again we
have to fix the coupon period of the bond. U.S. treasury bonds typically have semi-
annual coupons which are therefore often used when computing par yields. Given
a discount function T + B/, the n-year par yield is the value of c that solves the
equation

2n

C .
Z (E) Btt+0.51 4 Btt+n -1

i=1

It reflects the current market interest rate for an n-year bullet bond. The par yield
is closely related to the so-called swap rate, whicl-i:a key concept in the swap
markets, compare Section 6.5.

1.2.5 Floating rate bonds

Floating rate bonds have coupoi: rates that are reset periodically over the life of
the bond. We will consider, the1nost common floating rate bond, which is a bullet
bond, where the coupon raie effective for the payment at the end of one period
is set at the beginning cf the period at the current market interest rate for that
period.

Assume again tiratthe payment dates of thebond are T} < - - < Tj,, where T; —
Ti—1 = 6 forall i. The annualized coupon rate valid for the period [ Tj_;, T;] is the §-
period market rate at date T;_; computed with a compounding frequency of §. We
will denote this interest rate by l{_ ' » although the rate is not necessarily a LIBOR
rate, but can also be a Treasury rate. If the face value of the bond is H, the payment
attime T; (i=1,2,...,n — 1) equals HSZTTT_’;I, while the final payment at time T,

equals H(1 + 8172"_1). If we define Ty = T; — 8, thedates Ty, T, . .., T,,—1 are often
referred to as the reset dates of the bond.

We will argue that immediately after each reset date, the value of the bond will
equal its face value. To see this, first note that immediately after the last reset date
Ty—1, the bond is equivalent to a zero-coupon bond with a coupon rate equal to the
market interest rate for the last coupon period. By definition of that market interest
rate, the time T),_; value of the bond will be exactly equal to the face value H. In
mathematical terms, the market discount factor to apply for the discounting of

time T}, payments back to time T,,—; is (1 + 817?:71)71, so the time T,,_ value of a
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payment of H(1 + 6 ZTT’L) at time T', is precisely H. Immediately after the next-to-

last reset date T}, —», we know that we will receive a payment of H5 ZTT::ZI attime T),_
and that the time T,_; value of the following payment (received at T,) equals H.
We therefore have to discount the sum H§ l;::zl +H=HQ1+4l Tn”:zl) from T,
back to T,,—». The discounted value is exactly H. Continuing this procedure, we get
that immediately after a reset of the coupon rate, the floating rate bond is valued
at par. Note that it is crucial for this result that the coupon rate is adjusted to the
interest rate considered by the market to be ‘fair’

We can also derive the value of the floating rate bond between two payment
dates. Suppose we are interested in the value at some time t between Ty and T).
Introduce the notation

i(t)y =min{i € {1,2,...,n}: T; > t}, (1.12)

so that Tj( is the nearest following payment date after time t. We know that the
i(t)

T
following payment at time Tj(;) equals H3l;. ° and that thevalue at time Tj(;) of

all the remaining payments will equal H. The value of the'bciid at time ¢ will then
be

Tiqr

T; o
Ty By WLt < T (1.13)

B = H( + o
This expression also holds at payment dates t = Tj, where it results in H, which is
the value excluding the payment at that datc.
Relatively few floating rate bonds ar< traded, but the results above are also very
useful for the analysis of interest rate cwaps studied in Section 6.5.

1.3 BOND MARKETS AND MONEY MARKETS

This section will sivean overview of the bond and money markets across the world.
We can distingaish between national markets and international markets. In the
national market of a country, bonds primarily issued by domestic issuers and aimed
at domestic investors are traded, although some bonds issued by certain foreign
governments or corporations or international associations are often also traded.
The bonds issued in a given national market must comply with the regulation of
that particular country. The international bond market is often referred to as the
Eurobond market. A Eurobond can have an issuer located in one country, be listed
on the exchange in a second country, and be denominated in the currency of a
third country. Eurobonds are usually underwritten by an international syndicate
and offered to investors in several countries simultaneously. The Eurobond market
is less regulated than most national markets. Eurobonds are typically listed on one
national exchange, but most of the trading in these bonds takes place in rather well-
organized OTC markets. Other Eurobonds are issued as a private placement with
financial institutions. Eurobonds are typically issued by international institutions,
governments, or large multi-national corporations.
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The Bank for International Settlements (BIS) regularly publishes statistics on
financial markets across the world. BIS distinguishes between domestic debt and
international debt securities. The term ‘debt securities’ covers both bonds and
money market contracts. The term ‘domestic’ means that the security is issued in
the local currency by residents in that country and targeted at resident investors.
All other debt securities are classified by BIS as ‘international’ Based on BIS sta-
tistics published in Bank for International Settlements (2010), henceforth referred
to as BIS (2010), Table 1.1 ranks domestic markets for debt securities according
to the amounts outstanding in September 2009. The United States has by far the
largest domestic bond market, while Japan is a clear number two. The size of the
domestic bond market relative to GDP varies significantly across countries. For
example, both Belgium and Denmark have larger domestic bond markets relative
to GDP, whereas China and the United Kingdom have smaller bond markets when
compared to their GDP. In several countries, including the U.S., the domestic bond
market has a size similar to the stock market.

Table 1.2 lists the countries most active when it comes to issuirig international
debt securities. The domestic markets are significantly larger-than the interna-
tional markets, and international bond markets are much larger than international
money markets. Relative to their GDP, European countrics such as Germany, the
United Kingdom, and the Netherlands have a large share ¢ithe international bond
and money markets, whereas U.S.-based issuers are-i 2latively inactive. This is also
reflected by Table 1.3 which shows that the Eura 's the most frequently used cur-
rency in the international markets for debt sccurities, but the U.S. dollar is also
used very often.

Table 1.1: The largest domestic maticts for debt securities divided by issuer category as
of September 2009.

Country Amounts Fraction Fraction of domestic market (%)
outstanaing of world
(billion 77SD) market (%) governments  financial corporate
institut. issuers
United States 25,105 39.0 36.5 523 1.2
Japan 11, 602 18.0 83.6 9.6 6.8
Italy 3,770 5.8 54.5 323 13.2
France 3,189 4.9 53.1 38.1 8.9
Germany 2,927 4.5 53.3 34.9 11.8
China 2,413 3.7 58.7 28.9 124
Spain 2,071 3.2 34.0 30.7 35.3
United Kingdom 1,566 2.4 72.9 25.7 1.4
Canada 1,260 2.0 68.7 20.6 10.7
Brazil 1,227 1.9 65.3 34.0 0.7
South Korea 1,071 1.7 39.7 29.9 30.4
The Netherlands 1,003 1.6 38.4 51.5 10.1
Australia 843 1.3 24.7 70.9 44
Belgium 724 1.1 59.9 31.2 8.9
Denmark 589 0.9 16.7 83.0 0.3
All countries 64,448 100.0 52.7 36.4 10.9

Source: Tables 16 A-B in BIS (2010).
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Table 1.2: International debt securities by nationality of issuer as of December 2009. The
numbers are amounts outstanding in billions of USD.

Country Total Security (%) Issuer (%)

bonds, money governments  financial corporate

notes market institut. issuers
United States 6,712 99.0 1.0 0.2 815 18.4
United Kingdom 3,174 96.3 3.7 1.6 89.2 9.2
Germany 2,932 96.1 3.9 10.3 85.2 4.5
France 2,017 95.0 5.0 2.8 77.4 19.9
Spain 1,824 95.1 4.9 7.8 89.1 31
Italy 1,402 96.9 3.1 17.5 75.8 6.7
The Netherlands 1,285 93.2 6.8 1.8 92.8 5.4
Ireland 589 91.4 8.6 10.6 87.7 1.7
Belgium 586 95.3 4.7 25.0 69.4 5.6
Canada 569 99.0 1.0 17.6 55.7 26.7
Intl. organizations 802 99.0 1.0 NA NA NA
All countries 27,010 96.5 3.5 8.4 ) 11.3

Source: Tables 12A-D and 15A-B in BIS (2010).

Table 1.3: International debt secuiiiies vy cur-
rency. The numbers are amounts ¢t tanding in bil-
lions of USD as of December 2729.

Currency Bondsanc 1iotes  Money market
Euro 12,386 443
US dollar 9,429 320
Pound sterling 2,149 99
Yen 691 17
Swiss fran¢ 366 21
Canadiatidoliar 306 1
Austraiian dollar 268 10
Swedaish krona 69 2
tIony Kong dollar 61 9
17orwegian krone 54 1
Other currencies 300 10
Total 26,078 932

Source: Tables 13A-B in BIS (2010).

Tables 1.1 and 1.2 split up the different markets according to three categories
of issuers: governments, financial institutions, and corporate issuers. On average,
close to 53% of the debt securities traded in domestic markets are issued by gov-
ernments, 36% by financial institutions, and 11% by corporate issuers. Note the
large difference across countries. Some domestic markets (for example Japan and
the United Kingdom) are dominated by government bonds, others (for example
Denmark and Australia) by bonds issued by financial institutions, and corporate
bonds are also very common in some countries (for example Spain and South
Korea) while virtually non-existent in other countries. The international markets
are dominated by financial institutions who stand behind approximately 77% of the
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issues, 11% are issued by corporations, 8% by governments, and 3% by international
organizations. Some governments (for example Belgium, Canada, and Italy) often
issue bonds on the international market, while others (for example the United
States and the United Kingdom) rarely do so. Let us look more closely at the
different issuers and the type of debt securities they typically issue.

Government bonds are bonds issued by the government to finance and refi-
nance the public debt. In most countries, such bonds can be considered to be
free of default risk, and interest rates in the government bond market are then
a benchmark against which the interest rates on other bonds are measured. How-
ever, in some economically or politically unstable countries, the default risk on
government bonds cannot be ignored.! In the U.S., government bonds are issued
by the Department of the Treasury and are referred to as Treasury securities or
just Treasuries. These securities are divided into three categories: bills, notes, and
bonds. Treasury bills (or simply T-bills) are short-term securities that mature in
one year or less from their issue date. T-bills are zero-coupon bonds since they have
a single payment equal to the face value. Treasury notes and bonGs are coupon-
bearing bullet bonds with semi-annual payments. The only diiference between
notes and bonds is the time-to-maturity when first issued. Treasury notes are issued
with a time-to-maturity of 1-10 years, while Treasury boridis mature in more than
10 years and up to 30 years from their issue date. The /[reasury sells two types of
notes and bonds: fixed-principal and inflation-indz.cec. The fixed-principal type
promises given dollar payments in the future, whereas the dollar payments of the
inflation-indexed type are adjusted to reflect inflaiion in consumer prices.” Finally,
the U.S. Treasury also issue so-called saviries bonds to individuals and certain
organizations, but these bonds are not suvscquently tradable.

While Treasury notes and bonds ‘are issued as coupon bonds, the Treasury
Department introduced the so-calied STRIPS program in 1985 that lets investors
hold and trade the individual interest and principal components of most Treasury
notes and bonds as separate securities.> These separate securities, which are usually
referred to as STRIPs, are zero-coupon bonds. Market participants create STRIPs
by separating the inte‘estand principal parts of a Treasury note or bond. For
example, a 10-year Tieasury note consists of 20 semi-annual interest payments and
a principal payment payable at maturity. When this security is ‘stripped, each of
the 20 interest payments and the principal payment become separate securities
and can be held and transferred separately.

In some countries, including the U.S., bonds issued by various public institu-
tions, for example utility companies, railway companies, export support funds,
and so on are backed by the government, so that the default risk on such bonds
is the risk that the government defaults. In addition, some bonds are issued by
government-sponsored entities created to facilitate borrowing and reduce bor-

1 This risk is not hypothetical. Tomz and Wright (2007) report that 106 countries have defaulted
on their debt a total of 250 times in the period 1820-2004. For more on default risk, see
Chapter 13.

2 The principal value of an inflation-indexed note or bond is adjusted before each payment date
according to the change in the consumer price index. Since the semi-annual interest payments are
computed as the product of the fixed coupon rate and the current principal, all the payments of an
inflation-indexed note or bond are inflation-adjusted.

3 STRIPS is short for Separate Trading of Registered Interest and Principal of Securities.
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rowing costs for, for example farmers, homeowners, and students. However, these
bonds are typically not backed by the government and are therefore exposed to
the risk of default of the issuing organization. Bonds may also be issued by local
governments. In the U.S. such bonds are known as municipal bonds.

In the United States and some other countries, corporations will traditionally
raise large amounts of capital by issuing bonds, so-called corporate bonds. In other
countries, for example Germany and Japan, corporations borrow funds primarily
through bank loans, so that the market for corporate bonds is limited. For cor-
porate bonds, investors cannot ignore the possibility that the issuer defaults and
cannot meet the obligations represented by the bonds. Bond investors can either
perform their own analysis of the creditworthiness of the issuer or rely on the
analysis of professional rating agencies such as Moody’s Investors Service or Stan-
dard & Poor’s Corporation. These agencies designate letter codes to bond issuers
both in the U.S. and in other countries. Investors will typically treat bonds with
the same rating as having (nearly) the same default risk. Due to the default risk,
corporate bonds are traded at lower prices than similar (default-iee) government
bonds. The management of the issuing corporation can effectively transfer wealth
from bond-holders to equity-holders, for example by increasing dividends, taking
on more risky investment projects, or issuing new boiide with the same or even
higher priority in case of default. Corporate bonds «12 often issued with bond
covenants or bond indentures that restrict managenient from implementing such
actions. Default risk, credit ratings, and thev¢luation of corporate bonds will be
thoroughly discussed in Chapter 13.

U.S. corporate bonds are typically issue.d with maturities of 10-30 years and are
often callable bonds, so that the issucrtias the right to buy back the bonds on
certain terms (at given points in tirne and for a given price). Some corporate bonds
are convertible bonds meaningihat the bond-holders may convert the bonds into
stocks of the issuing corporation on predetermined terms. Although most corpo-
rate bonds are listed on a naiional exchange, much of the trading in these bonds is
in the OTC market.

When commercial banks and other financial institutions issue bonds, the
promised payments.are sometimes linked to the payments on a pool of loans that
the issuing institution has provided to households or firms. An important example
is the class of mortgage-backed bonds which constitutes a large part of some bond
markets, for example in the U.S., Germany, Denmark, Sweden, and Switzerland.
A mortgage is a loan that can (partly) finance the borrower’s purchase of a given
real estate property, which is then used as collateral for the loan. Mortgages can
be residential (family houses, apartments, and so on) or non-residential (corpora-
tions, farms, and so on). The issuer of the loan (the lender) is a financial institution.
Typical mortgages have a maturity between 15 and 30 years and are annuities in
the sense that the total scheduled payment (interest plus repayment) at all payment
dates are identical. Fixed-rate mortgages have a fixed interest rate, while adjustable-
rate mortgages have an interest rate which is reset periodically according to some
reference rate. A characteristic feature of most mortgages is the prepayment option.
At any payment date in the life of the loan, the borrower has the right to pay off all
or part of the outstanding debt. This can occur due to a sale of the underlying real
estate property, but can also occur after a drop in market interest rates, since the
borrower then has the chance to get a cheaper loan.
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Mortgages are pooled either by the issuers or other institutions, who then issue
mortgage-backed securities that have an ownership interest in a given pool of
mortgage loans. The most common type of mortgage-backed securities is the so-
called pass-through, where the pooling institution simply collects the payments
from borrowers with loans in a given pool and ‘passes through’ the cash flow to
investors less some servicing and guaranteeing fees. Many pass-throughs have pay-
ment schemes equal to the payment schemes of bonds, for example pass-throughs
issued on the basis of a pool of fixed-rate annuity mortgage loans have a payment
schedule equal to that of annuity bonds. However, when borrowers in the pool
prepay their mortgage, these prepayments are also passed through to the security-
holders, so that their payments will be different from annuities. In general, owners
of pass-through securities must take into account the risk that the mortgage bor-
rowers in the pool default on their loans. In the U.S. most pass-throughs have been
issued by three organizations that guarantee the payments to the securities even
if borrowers default. These organizations are the Government National Mortgage
Association (called ‘Ginnie Ma¢’), the Federal Home Loan Mortgage Corporation
(‘Freddie Mac’), and the Federal National Mortgage Associatict. ( Fannie Ma¢e’).
The securities issued by these institutions have generally heen considered free
of default risk. There is more on mortgages and mortgag=-backed securities in
Chapter 14.

The money market is a market for borrowing ant lending large amounts over
a period of up to one year. The major players in the'money market are financial
institutions and large private corporations. The deut contracts issued in the money
market are mainly zero-coupon loans, which have a single repayment date. The
loans are implemented by the issuance of various instruments. Large corporations,
both financial corporations and others, orten finance short-term liquidity needs by
issuing so-called commercial papers. Another standard money market contract is
a repurchase agreement or simpiv repo. One party of this contract sells a certain
asset, such as a short-term Ttr=asury bill, to the other party and promises to buy
back that asset at a given future date at the market price at that date. A repo is
effectively a collateralized loan, where the underlying asset serves as collateral.
As central banks in ‘other countries, the Federal Reserve in the U.S. participates
actively in the repc.niarket to implement its monetary policy. The interest rate on
repos is called the repo rate. Other popular instruments in the money market are
certificates of deposit and foreign exchange swaps, but the money markets also
include standard deposits, forward rate agreements, and trading in Treasury bills
and short-lived asset-backed securities.

The central bank is a key player in the money market. Banks keep deposits in
the central bank to comply with reserve requirements, to facilitate financial trans-
actions, and to manage short-term liquidity. If one bank is in need of additional
reserves, it can borrow money (usually overnight) from another bank with surplus
reserves at the central bank. The interest rate on the loan is negotiated between the
two banks. In the U.S., the weighted average of these interest rates across all such
transactions is referred to as the federal funds (or just Fed funds) effective rate. This
rate is a crucial determinant of the interest rates offered and charged by banks to
their customers. The Fed funds rate is also very important for floating rate bonds
and the prices and yields of short-term bonds. The governors of the Federal Reserve
set and regularly reconsider a target Fed funds rate based on their view of the



18 Introduction and Overview

20

18

16

14 1

12 4

10 A

Fed funds effective rate, pct per year

0 T T T T T T T T T T T T T
1955— 1959- 1963~ 1967— 1971— 1975— 1979— 1983- 1987—- 1991— 1995-.1599—- 2003- 2007-
01 01 01 01 01 01 01 01 01 01 (VR 01 01 01

Fig. 1.3: The Fed funds effective rate from July 1954 to February 2610.

Source: the homepage of the Federal Reserve (www.federalresezvs.gov) at 2 March, 2010.

current and future economic conditions. The Jeceral Reserve then buys and sells
securities in open market operations to manag: the liquidity in the market, thereby
also affecting the Fed funds effective rate. Figure 1.3 depicts the Fed funds effective
rate in the period from July 1954 to Tetruary 2010. Banks may obtain temporary
credit directly from the Federal Reseive at the so-called ‘discount window”. The
interest rate charged by the Fed en such credit is called the federal discount rate,
but since such borrowing isuite uncommon nowadays, the federal discount rate
serves more as a signaling device for the targets of the Federal Reserve.

Many of the contracts\used in the money markets are benchmarked to (that
is priced by refererce to) the London Interbank Offered Rate (LIBOR) for the
appropriate termc.ana currency. In the Euromarket, deposits are negotiated for
various terms ana currencies, but most deposits are in U.S. dollars or the Euro
for a period of 1, 3, or 6 months. Interest rates set on unsecured deposits at the
London interbank market are called LIBOR rates.

More details on U.S. bond markets can be found in Fabozzi (2010), while Batten
etal. (2004) provide detailed information on European bond and money markets.

1.4 FIXED INCOME DERIVATIVES

A wide variety of fixed income derivatives are traded around the world. In this
section we provide a brief introduction to the markets for such securities. In the
pricing models we develop in later chapters we will look for prices of some of
the most popular fixed income derivatives. Chapter 6 contains more details on
a number of fixed income derivatives, what cash flow they offer, how the differ-
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ent derivatives are related, and so on. Credit-related derivatives are discussed in
Chapter 13, where key statistics for those markets are also provided.

A forward is the simplest derivative. A forward contract is an agreement
between two parties on a given transaction at a given future point in time and
at a price that is already fixed when the agreement is made. For example, a forward
on a bond is a contract where the parties agree to trade a given bond at a future
point in time for a price which is already fixed today. This fixed price is usually set
so that the value of the contract at the time of inception is equal to zero. In that
case no money changes hands before the delivery date. A closely related contract is
the so-called forward rate agreement (FRA). Here the two parties agree that one
party will borrow money from the other party over some period beginning at a
given future date and the interest rate for that loan is fixed already when this FRA
is entered. In other words, the interest rate for the future period is locked in. FRAs
are quite popular instruments in the money markets.

As a forward contract, a futures contract is an agreement upon a specified
future transaction, for example a trade of a given security. The smecial feature of
a future is that changes in its value are settled continuously threugtiout the life of
the contract (usually once every trading day). This so-called miarking-to-market
ensures that the value of the contract (that is the value of the future payments)
is zero immediately following a settlement. This proceaure makes it practically
possible to trade futures at organized exchanges, sinc< there is no need to keep track
of when the futures position was originally taken. Futures on government bonds
are traded at many leading exchanges. A very popular exchange-traded derivative
is the so-called Eurodollar futures, which-i: basically the futures equivalent of a
forward rate agreement.

An option gives the holder the right tc.make some specified future transaction
at terms that are already fixed. A«call option gives the holder the right to buy a
given security at a given price at o1 before a given date. Conversely, a put option
gives the holder the right tc.s¢i! a given security. If the option gives the right to
make the transaction at only one given date, the option is said to be European-
style. If the right can b exercised at any point in time up to some given date, the
option is said to be Arrerican-style. Both European- and American-style options
are traded. Options on government bonds are traded at several exchanges and also
on the OTC-markets. In addition, many bonds are issued with ‘embedded’ options.
For example, many mortgage-backed bonds and corporate bonds are callable, in
the sense that the issuer has the right to buy back the bond at a pre-specified price.
To value such bonds, we must be able to value the option element.

Various interest rate options are also traded in the fixed income markets. The
most popular are caps and floors. A cap is designed to protect an investor who has
borrowed funds on a floating interest rate basis against the risk of paying very high
interest rates. Therefore the cap basically gives you the right to borrow at some
given rate. A cap can be seen as a portfolio of interest rate call options. Conversely,
afloor is designed to protect an investor who has lent funds on a floating rate basis
against receiving very low interest rates. A floor is a portfolio of interest rate put
options. Various exotic versions of caps and floors are also quite popular.

A swap is an exchange of two cash flow streams that are determined by certain
interest rates. In the simplest and most common interest rate swap, a plain vanilla
swap, two parties exchange a stream of fixed interest rate payments and a stream
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Table 1.4: Derivatives traded on organized exchanges. All amounts
are in billions of U.S. dollars. The amount outstanding is of December
2009, whereas the turnover figures are for the fourth quarter of 2009.

Instruments/ Futures Options
Location
Amount Turnover Amount Turnover
outstanding outstanding
All markets 21,749 307,315 51,388 137,182
Interest rate 20,623 276,215 46,435 106, 523
Currency 164 7,677 147 582
Equity index 962 23,423 4,807 30,077
North America 10,716 156,160 23,875 55,216
Europe 8,054 129, 016 26,331 62,937
Asia-Pacific 2,446 18,567 310 17,235
Other markets 532 3,573 873 1,793

Source: Table 23A in BIS (2010).

of floating interest rate payments. There are also curiericy swaps where streams of
payments in different currencies are exchanged. n addition, many exotic swaps
with special features are widely used. The international OTC swap markets are
huge, both in terms of transactions and outstennding contracts. The credit default
swap or just CDS is a widely used swap ccntract, in which the buyer makes a series
of payments to the seller and, in excharipe, receives a payoff if there is a default (or
another ‘credit event’) on a certain, borid or loan issued by a third party. More on
credit default swaps and other creqi-related securities can be found in Chapter 13.

A swaption is an option cn a swap, that is it gives the holder the right, but not
the obligation, to enter int:;-» specific swap with pre-specified terms at or before
a given future date. Both European- and American-style swaptions are traded.

The Bank for International Settlements (BIS) also publishes statistics on deriv-
ative trading arcuid the world. Table 1.4 provides some interesting statistics on
the size of derivauves markets at organized exchanges. The markets for interest
rate derivatives are much larger than the markets for currency- or equity-linked
derivatives. The option markets generally dominate futures markets measured by
the amounts outstanding, but ranked according to turnover futures markets are
larger than options markets.

The BIS statistics also contain information about the size of OTC markets for
derivatives. BIS estimates that in June 2009 the total amount outstanding on OTC
derivative markets was 604,622 billion of U.S. dollars, of which single-currency
interest rate derivatives account for 72.3%, currency derivatives account for 8.1%,
credit default swaps for 6.0%, equity-linked derivatives for 1.1%, commodity con-
tracts for 0.6%, while the remainder cannot be split into any of these categories,
compare Table 19 in BIS (2010). Table 1.5 shows how the interest rate derivatives
market can be disaggregated according to instrument and maturity. Approximately
36.7% of these OTC-traded interest rate derivatives are denominated in Euros,
35.3% in U.S. dollars, 13.1% in yen, 7.5% in pounds sterling, and the remaining 7.4%
in other currencies, compare Table 21B in BIS (2010).
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Table 1.5: Amounts outstanding (billions of U.S. dollars) on
OTC single-currency interest rate derivatives as of June 2009.

Contracts Total Maturity in years

<1 1-5 >5
All interest rates 437,198 159,143 128,301 149,754
gfv;v;:rd rate agreements ;329886 150,630 111431 126,623

Options 48,513 8,513 16,870 23,130

Source: Tables 21A and 21C in BIS (2010).

1.5 AN OVERVIEW OF THE BOOK

The key element in our analysis will be the term structure of interest rates. The
cleanest picture of the link between interest rates and maturities is given by a zero-
coupon yield curve. In many markets only a few zero-coupon berids are traded, so
that we have to extract an estimate of the zero-coupon yield curve from prices of
the traded coupon bonds. We will discuss methods for deiig that in Chapter 2.

Risk is a central concept in fixed income modellingz. e prices and yields of
bonds are affected by the expectation and uncertainty about future values of certain
macroeconomic variables. The prices of fixed in¢o nederivatives reflect the present
value of the future payoff, which is generally dévendent on the value of some bond
price or interest rate at a later date. Consegucntly, we need to model the behaviour
of uncertain variables or objects over tiirie: This is done in terms of stochastic
processes. A stochastic process is basicallya collection of random variables, namely
one random variable for each of ihe points in time at which we are interested
in the value of this object. To wnderstand and work with modern fixed income
models therefore requires somie knowledge about stochastic processes, their prop-
erties, and how to do relevant calculations involving stochastic processes. Chap-
ter 3 provides the inferniation about stochastic processes that is needed for our
purposes.

This book focuses on the pricing of fixed income securities. However, the pricing
of fixed income securities follows the same general principles as the pricing of all
other financial assets. Chapter 4 reviews some of the important results on asset
pricing theory. In particular, we define and relate the key concepts of arbitrage,
state-price deflators, and risk-neutral probability measures. The connections to
market completeness and individual investors’ behaviour are also addressed. All
these results will be applied in the following chapters to the term structure of
interest rates and the pricing of fixed income securities.

In Chapter 5 we study the links between the term structure of interest rates
and macroeconomic variables such as aggregate consumption, production, and
inflation. The term structure of interest rates reflects the prices of bonds of various
maturities and, as always, prices are set to align supply and demand. An investor
with a clear preference for current capital to finance investments or current con-
sumption can borrow by issuing a bond to an investor with a clear preference for
future consumption opportunities. The price of a bond of a given maturity will
therefore depend on the attractiveness of the real investment opportunities and
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on the individuals’ preferences for consumption over the maturity of the bond.
Following this intuition we develop relations between interest rates, aggregate
consumption, and aggregate production. We also explore the relations between
nominal interest rates, real interest rates, and inflation. Finally, the chapter reviews
some of the traditional hypotheses on the shape of the yield curve, for example
the expectation hypotheses, and discuss their relevance (or, rather, irrelevance) for
modern fixed income analysis.

Chapter 6 provides an overview of the most popular fixed income derivatives,
such as futures and options on bonds, Eurodollar futures, caps and floors, and
swaps and swaptions. We will look at the characteristics of these securities and
what we can say about their prices without setting up any concrete term structure
model.

Starting with Chapter 7 we focus on dynamic term structure models developed
for the pricing of fixed income securities and the management of interest rate risk.
Chapter 7 goes through so-called one-factor diffusion models. This type of model
was the first to be applied in the literature and dates back at leastto 1970. The one-
factor models of Vasicek and Cox, Ingersoll, and Ross are stitl frequently applied
both in practice and in academic research. They have ¢ i¢t of realistic features
and deliver simple pricing formulas for many fixed incame securities. Chapter 8
explores multi-factor diffusion models which have(seyeral advantages over one-
factor models, but are also more complicated to.anaiyse and apply.

The diffusion models deliver prices both for bords and derivatives. However, the
model price for a given bond may not be id¢nt'cal to the actually observed price of
the bond. If you want to price a derivative on that bond, this seems problematic.
If the model does not get the price of iz underlying security right, why trust the
model’s price of the derivative? In Chapter 9 we illustrate how one-factor diffusion
models can be extended to be consistent with current market information, such as
bond prices and volatilities. A1aure direct route to ensuring consistency is explored
in Chapter 10 that introduc=s'and analyses so-called Heath-Jarrow-Morton mod-
els. They are characterized by taking the current market term structure of interest
rates as given and *herr modelling the evolution of the entire term structure in
an arbitrage-free way. We will explore the relation between these models and the
factor models siudied in earlier chapters.

Yet another class of models is the subject of Chapter 11. These ‘market models’
are designed for the pricing and hedging of specific products that are traded on a
large scale in the international markets, namely caps, floors, and swaptions. These
models have become increasingly popular in recent years.

In Chapters 6-11 we focus on the pricing of various fixed income securities.
However, it is also extremely important to be able to measure and manage interest
rate risk. Interest rate risk measures of individual securities are needed in order
to obtain an overview of the total interest rate risk of the investors’ portfolio and
to identify the contribution of each security to this total risk. Many institutional
investors are required to produce such risk measures for regulatory authorities
and for publication in their accounting reports. In addition, such risk measures
constitute an important input to the portfolio management. Interest rate risk
management is the topic of Chapter 12. First, some traditional interest rate risk
measures are reviewed and criticized. Then we turn to risk measures defined in
relation to the dynamic term structure models studied in the previous chapters.
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The following chapters deal with some securities that require special attention.
In Chapter 13 we discuss the pricing of corporate bonds and other fixed income
securities where the default risk of the issuer cannot be ignored. The subject of
Chapter 14 is how to construct models for the pricing and risk management of
mortgage-backed securities. The main concern is how to adjust the models studied
in earlier chapters to take the prepayment options involved in mortgages into
account. Chapter 15 focuses on the consequences that stochastic variations in
interest rates have for the valuation of securities with payments that are not directly
related to interest rates, such as stock options and currency options.

Finally, Chapter 16 describes and illustrates several numerical techniques that
are often applied in cases where explicit pricing and hedging formulas are not
available.

1.6 EXERCISES

Exercise 1.1 Show that if the discount function does not satisty the condition
Bl >BS, t<T<s,

then negative forward rates will exist. Are non-ncgutive forward rates likely to
exist? Explain!

Exercise 1.2 Consider two bullet bonds, bouiwith annual payments and exactly 4
years to maturity. The first bond has a coupon rate of 6% and is traded at a price
0f 101.00. The other bond has a coupan raie of 4% and is traded at a price of 93.20.
What is the 4-year discount factor? What is the 4-year zero-coupon interest rate?

Exercise 1.3 Consider a bon¢ iarket in which the annually compounded zero-
coupon yields of maturitics from 1 to 5 years are

Pl=5%, J=6%, 5> =68% j'=74%, $° =75%.

What are the corresponding discount factors BT, T =1,2,...,5? What are the
AT, T+1

l-year forward rates f ,I=0,1,...,4?

Exercise 1.4 Consider a coupon bond with payments Y; at time T; =i, i =
1,...,n, such that is there is a payment of Y in 1 year, a payment of Y in 2 years,
and so on. Suppose you discount all future payments with a constant, annually
compounded interest rate of 7. Let B denote the present value, that is

n
B= Z Y1+~
i=1

(a) Show that if the bond is a bullet bond with a coupon rate of R and a face
value of 1, then

R < R) .
B==+4(1-=)a+n"
r r
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(b) Show that if the bond is an annuity bond with a coupon rate of R and a face
value of 1, then

a(n,r)
a(n,R)’

where «(N, p) = p~! (1 -1+ p)_N).
(c) Show that if the bond is a serial bond with a coupon rate of R and a face value

of 1, then
R 1 R
B=—+ - <1— —)a(n,r).
roon r

Exercise 1.5 What bonds are currently traded in your domestic market? Try to
find information about historical interest rates in your country, either yields on
government bonds or official interest rates fixed by the central bank or both.
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