
1

Handbooks in Central Banking

No. 20

BASIC BOND ANALYSIS

Joanna Place

Series editor: Juliette Healey

Issued by the Centre for Central Banking Studies,
Bank of England, London EC2R 8AH

Telephone 020 7601 3892,  Fax 020 7601 5650
December 2000

© Bank of England 2000
ISBN 1 85730 197 8



2

BASIC BOND ANALYSIS

Joanna Place

Contents

Page
Abstract ...................................................................................................................3

1 Introduction ......................................................................................................5

2 Pricing a bond ...................................................................................................5
2.1  Single cash flow .....................................................................................5
2.2  Discount Rate .........................................................................................6
2.3  Multiple cash flow..................................................................................7
2.4  Dirty Prices and Clean Prices.................................................................8

2.5  Relationship between Price and Yield .......................................................10

3 Yields and Yield Curves .................................................................................11
3.1   Money market yields ..........................................................................11
3.2   Uses of yield measures and yield curve theories ...............................12
3.3   Flat yield..............................................................................................12
3.4   Simple yield.........................................................................................13
3.5   Redemption yield ...............................................................................13
3.6   Spot rate and the zero coupon curve ..................................................15
3.7   Forward zero coupon yield .................................................................17
3.8   Real implied forward rate ...................................................................18
3.9   Par yield...............................................................................................18

      3.10 Relationships between curves ............................................................19
3.11 Other yields ........................................................................................20

4 Debt Management Products ..........................................................................20
4.1  Treasury bills .......................................................................................20
4.2  Conventional bonds .............................................................................22
4.3  Floating rate bonds ..............................................................................23
4.4  Index-linked bonds ..............................................................................25
4.5  Convertible bonds ................................................................................31
4.6  Zero-coupon bonds and strips .............................................................31

5 Measures of Risk and Return ........................................................................35
5.1  Duration ...............................................................................................35
5.2  Convexity ............................................................................................41
5.3  Price value of a Basis Point .................................................................42



3

5.4  Rates of return .....................................................................................44
5.5  Risk ......................................................................................................46

6 Summary

Appendix 1:  Comparing bond market & money market yields .......................47
Appendix 2:  Examples ...........................................................................................48
Appendix 3:  Glossary of terms .............................................................................51

Further reading .......................................................................................................54

Other CCBS publications ......................................................................................56



4

ABSTRACT

Understanding basic mathematics is e ssential to any bo nd m arket a nalysis. T his
handbook covers the basic features of a bond and allows the reader to understand the
concepts involved in pricing a bond and assessing its relative value.

The handbook sets out ho w to  p rice a bo nd, wit h single and  m ultiple cas h fl ows,
between coupon periods, and with  di fferent coup on periods. It  al so expl ains th e
different y ield m easures and the uses (a nd limitations) of each of these. Further
discussion on yield curves helps the reader to understand their different applications.
Worked examples are provided.  These are typically from the UK market and aim to
assist the reader in understanding the concepts:  other bond markets may have slightly
different con ventions.  Th e section on  di fferent types o f b onds d iscusses the main
features of each and the advantages and disadvantages to both the issuer and investor.
The final section explains how to assess relative value, risk and return: the key factors
in a trading strategy.

In practice, most traders will have computers to work out all these measures, but it is
nevertheless essential to ha ve some understanding of the basic mathematics behind
these concepts. More sophisticated techniques are not covered in this handbook, but a
reading list is provided to allow the reader to go into more depth.

A glossary of terms used in the handbook is provided at the end of the handbook.
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BASIC BOND ANALYSIS

1 Introduction

In order to understand the relationship between price and yield, and to interpret yield
curves and tr ading stra tegies, it is nece ssary to first understand s ome basic bond
analysis.  Thi s handbook sets out how bonds are p riced (and the limitations to this);
what information w e ca n d erive fr om differe nt y ield c urves; a nd the risk/return
properties of different bonds.

2 Pricing a bond

The price of a bond is the present value of its expected cash flow(s).

The present value will be lo wer than the future value, as holding £100 next week is
worth less than holding £100 now.   There are a nu mber of possible reasons for this:
if inflation is high, the value will have eroded by the following week;  if it remains in
another person’s possession for a f urther week, ther e is a potential cr edit risk;  and
there is  no  opportunity to invest the money until the fol lowing week, and therefore
any potential return is delayed.

This is discussed further in the examples below:  the arithmetic assumes no credit risk
or other (e. g. liquidity, tax) eff ects.  It calculates the pr ice of a risk-free bond, and
therefore would need to be adjusted for other factors. Most bond prices are quoted in
decimals1 and therefore this practice is followed in this handbook.

2.1 Single Cash Flow

Calculating the future value of an investment: -

Starting from the simplest example, investing £100 for one period at 8% would give
the following return:

Return = 100 (1 + 8/100) = £108

                                                

1 The notable exception is the US bond market which is quoted in 
1

32

nds
(ticks).
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In other words:-

FV = PV (1 + r)

where   FV is the future value (i.e. cash flow expected in the future)
PV is the present value
r is the rate of return

Assuming the same rate of return, if the investment is made for two periods, then:-

FV = 100 (1 + 8/100)(1 + 8/100)

In other words:-

FV = PV (1 + r)2

And in general:

FV = PV (1 + r)n

where n is the number of periods invested, at a rate of return, r.

If we want to calculate the price (ie present value) of a bond as a function of its future
value, we can rearrange this equation:-

P =
nr)1(

FV

+

where P is the price of the bond and is the same as the ‘present value’.

The future value is the expected cash flow i.e. the paym ent at r edemption n periods
ahead.

2.2 Discount Rate

r  is also referred to as the discount rate, ie the rate of discount applied to the future
payment in order to ascertain the current price.

nr)1(
1

+
 is the v alue o f t he d iscount function at p eriod n . Multiplying the discount

function at period n by the cash flow expected  at period n gives the value of the cash
flow today.

A further discussion of which rate to use in the discount function is given below.
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2.3 Multiple Cash Flow

In practice, most bonds have more than one cash flow and therefore each cash flow
needs to be discounted in order to find the present value (current price).  This can be
seen wi th another simple example - a con ventional bond, paying an  annual coupon
and the face value at maturity.  The price at issue is given as follows:

P = c
r( )1 1

1+
    +     c

r( )1 2
2+

    +    c
r( )1 3

3+
    +  …   + c R

rn
n

+
+( )1

  equation (1)

Where P = ‘dirty price’ (ie including accrued interest:  see page 8)
c = annual coupon
r i = % rate of r eturn w hich is used in the i th p eriod to di scount th e

cashflow (in this example, each period is one year)
R = redemption payment at time n

The abov e ex ample s hows th at a different d iscount rat e is used fo r each  period
( r r  etc1, 2, ).  Whilst this seems sensible, the more common  practice in bond markets is
to discount using a redemption yield and discount all cash flows using this rate.  The
limitations to this are discussed further on page 13.

In the ory, each inve stor w ill have a slightly differe nt view of the rate of return
required, as the opportunity cost of not holding money now will be different, as will
their views on , for ex ample, fu ture inflation, app etite fo r risk, nature of liabilities,
investment tim e horizon e tc.   The re quired y ield should, therefore, reflect these
considerations.  In practice, investors will determine what they consider to be a f air
yield for their own circumstances.   They  can the n compute the corre sponding price
and compare this to the market price before d eciding whether – and ho w much – to
buy or sell.

Pricing a bond with a s emi annual coupon follows the same principles as that of an
annual c oupon.  A  ten  y ear bo nd w ith sem i annual coupons will ha ve 20 per iods
(each of six months maturity);
and the price equation will be:

202 )2/1(
1002/

)2/1(
2/

2/1
2/

y
c

y
c

y
cP

+
+++

+
+

+
= �

where c = coupon
     y = Redemption Yield (in % on an annualised basis)
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In general, the bond maths notation for expressing the price of a bond is given by:-

=

=
n

t
tcfPV

1
)(P

Where )( tcfPV  is the present value of the cash flow at time t.

2.4 Dirty prices and clean prices

When a bond is bought or sold midway through a coupon period, a certain amount of
coupon interest will have accrued.  The c oupon payment is always received by the
person holding the bond at the time of the coupon payment (as the bond will then be
registered2 in his name).  Becaus e he m ay not have held the bond throughout the
coupon period, he will need to pay the previous holder some ‘compensation’ for the
amount of interes t whic h accr ued dur ing his ow nership.  In orde r to calculate the
accrued interest, we need to know the number of days in the accrued interest period,
the number of day s i n t he  co upon period, an d t he m oney am ount o f the coupon
payment. In most bond m arkets, accr ued inte rest is ca lculated on the f ollowing
basis3:-

Coupon interest x no. of days that have passed in coupon period
         total no of days in the coupon period

Prices in the m arket ar e usua lly quote d on a clean basis (i.e. without accrued) but
settled on a dirty basis (i.e. with accrued).

Examples

Using the basic principles discussed above, the examples below shows how to price
different bonds.

Example 1

Calculate the price (at issue) of £100 nominal of a 3 year bond with a 5% coupon, if 3
year yields are 6% (quoted on an annualised basis).  The bond pays semi-annually.

So:-

Term to maturity is 3 years i.e. 6 semi-annual coupon payments of 5/2.

                                                
2 Some bonds, eg bearer bonds, will not be registered.
3 In some markets, the actual number of days in the period is not used as the denominator, but instead an assumption
e.g. 360 or 365 (even in a leap year).
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Yield used to discount is
2
06. .

Using equation (1) from page 6:-

632 )
2
06.1(

1002/5

)
2
06.1(

2/5

)
2
06.1(

2/5

2
06.1

2/5P
+

++
+

+
+

+
+

= �

Example 2

Let us assume that we are pricing (£100 nominal of) a bond in the secondary market,
and therefore the time to the next coupon payment is not a ne at one year.  This bond
has an annual paying coupon (on 1 June each year).   The bond has a 5% coupon and
will redeem on 1 June 2005.   A trader wishes to price the bond on 5 May 2001. Five-
year red emption y ields are 5% and  th erefore it  is  th is rat e th at he will use i n t he
discount function.  He applies the following formula:

365
274

365
271

365
27 )05.1(

105...
)05.1(

5
)05.1(

5
++ +

+
+

+
+

=P

The fir st period is that amount o f t ime to the f irst coupon payment d ivided by the
number of days in the coupon period.   The second period is one period after the first
etc.

This the dirty price i.e. the amount an investor would expect to pay.   T o derive the
clean p rice (t he q uoted price) t he am ount rep resenting a ccrued interest would be
subtracted.

Example 3

A 3-year bond is being issued with a 10% annual  coupon.   W hat price would you
pay at issue for £100 nominal if you wanted a return (i.e. yield) of 11%?

P = 10
1 11

10
1 11

110
1 112 3+

+
+

+
+. ( . ) ( . )

= £97.56

If the required yield is greater than the coupon, then the price will be below par (and
vice versa).
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Example 4

Calculate the accrued interest as at 27 October on £100 nominal of a bond with a 7%
annual coupon paying on 1 December (it is not a leap year).

From the previous coupon period , 331 days have passed (i .e. on  which in terest has
accrued). Assuming the above convention for calculating accrued interest:

Accrued Interest = =××
365
331

100
7100£ £6.35p

2.5  Relationship between price and yield

There is a direct relationship between the price of a bond and its yield. The price is
the amount the investor will pay for the f uture cash flows; the yield is a m easure of
return on those future cash flows.  Hen ce price will change in the opposite direction
to the change in the required yield.  There are a number of different formulae for the
relationship between price an d y ield4. A  more de tailed e xplanation of price/yield
relationships can be found in a paper published by the UK Debt Management Office:
“Formulae for Calculating Gilt Prices from Yields” June 1998.

Looking at the price-yield relationship of a standard i.e. non-callable bond, we would
expect to see a shape such as that below:

Price

Yield

As the required yield increases, the factor by which future cash flows are discounted
also increases and therefore the present value of the cash flow decreases.   Hence the
price decreases as yield increases.

                                                
4  An example is given on page 31 in Section 4.6 on zero coupon bonds.



11

3 Yields and yield curves

It is not possible to compare the relative value of bonds by looking at their prices as
the different m aturities, coupons etc. will affec t the price a nd so a ‘ lower priced’
bond is  not necessarily better value.  Th erefore, in  order to calculate relative value,
investors will compare bond yields.  Y ields are usually quoted on an annual basis;
allowing the investor to see the return over a one year period.  In order to convert to a
semi-annual basis (and vice versa), the following formulae are applied:-

SA = ( 1+ A )1− x2 equation (2)

A = 1)
2

1( 2 −+ SA equation (3)

Where  A = Annual Yield
SA =  Semi Annual Yield

Example 5

If the semi-annual yield is 5%, what is the annual yield?
Using equation (3)

A = 1)
2
05.1( 2 −+

A = 5.0625%

In general, the formula applied to convert from an annual to other period yield is:-

New rate = ( )( ) n1A1 n/1 ×−+

Where n is the new period.

3.1  Money market yields

This h andbook con centrates on bond y ields. Mon ey market y ields are qu oted on a
different basis and therefore in order to compare short-term bonds and money market
instruments it is nec essary to look a t them  on a com parable basis.  The diff erent
formulae are given in Appendix 1.
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3.2  Uses of Yield Curves and Yield Curve Theories

A yield curve is a graphical representation of the term structure of yields for a given
market.   It attempts to show, for a se t of b onds t hat have di ffering maturities bu t
otherwise similar ch aracteristics, ho w th e y ield on a bo nd varies  with  it s maturity.
Yield curves are therefore constructed from (as far as possible) a homogeneous group
of bonds:  we would not construct a yield curve using both government and corporate
securities, given the different categories of risk.

Yield curves are used for a number of different purposes.  For example, government
securities’ y ield cu rves demonstrate th e tightness (and  expected tightness) o f
monetary pol icy; all ow cr oss-country com parisons;  assist pricing of new  issues;
assess relative value between bonds; allow one to derive implied forward rates; and
help traders/investors under stand ris k. As there ar e a number of different types of
yield curve that can be constructed, different ones are used for different purposes.

There are various theories of the y ield curve, whic h attempt to e xplain the shape of
the curve, depending on, inter alia, investors’ preferences/views.  The m ost common
are Liquidity Preference Theory (risk premia increase with  ti me s o, o ther thi ngs
being eq ual, o ne w ould e xpect t o se e a ri sing y ield c urve);  Pure Expectations
Hypothesis (forward rates govern the curve - these are simply expectations of future
spot rat es an d do no t tak e int o accoun t ri sk p remia);  Segmented Markets
Hypothesis (the yield curve depends on supply and demand in different sectors and
each sector of the y ield c urve is only  loosely connected to others);  Preferred
Habitat (ag ain i nvestors have a m aturity prefere nce, but w ill sh ift from their
preferred maturity if the incr ease in y ield is deemed sufficient compensation to do
so).    The se are a ll demand-based;  supply-based factors include government policy
(fiscal position, views on  risk , vi ews on optimal po rtfolio et c).  A d etailed
explanation of yield curve theories is beyond the scope of this handbook (please see
further reading list).

The different types of yields and yield curves are discussed further below.

3.3  Flat Yield

This is  th e si mplest m easure of y ield (al so kno wn as  cu rrent y ield, in terest y ield,
income yield or running yield).  It is given by:-

Flat yield = Coupon rate (%) x 100
                    Clean price

This is a very crude measure.  It does not take into account accrued interest; nor does
it take into account capital gain/loss (i .e. it assumes prices will not change over the
holding period); nor does it recognise the time value of money.  It  can only sensibly
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be used as a measure of value w hen t he te rm to maturity is very  lo ng ( as c oupon
income will be more dominant in the total return than capital gain/loss).

3.4  Simple Yield

This is a slightly more s ophisticated measure of ret urn than fl at y ield, whi ch takes
into account capital gain, although it as sumes that it accrues in a linear fa shion over
the life of the bond.  Ho wever,  it  does not allow for compounding of interest;  no r
does it take into account accrued interest as it uses the clean price in the calculation.

Simple Yield =[ Coupon Rate +  (100 - clean price)     x   100] x clean price
                                                    Years to maturity

Obviously a bond in its final coupon period is, i n t erms of it s ca sh f lows, d irectly
comparable with a m oney market ins trument.  I n this ca se s imple inte rest yield
calculations are used (ie no need to discount at a compounded rate).

3.5  Redemption Yield  (Yield to Maturity)

A redem ption y ield i s t hat rat e of interest at w hich the total discounted val ues of
future payments of income and capital equate to its price in the market.

P = c
y1 +

   +    c
y( )1 2+

   +   c
y( )1 3+

   …  +   ny
Rc
)1( +

+

Where P = dirty price (ie including accrued interest)
c  = coupon
R = redemption payment
n  = no of periods
y  = redemption yield

It is also referred to as the Internal Rate of Return or the Yield to Maturity.

When quoting a y ield for a bond, it is the redemption yield that is normally used, as
all the fact ors co ntributing to  th e ret urn can  be cap tured in  a single number.  The
redemption yield takes into account the time value o f money by using the discount
function:  each cash flow is discounted to give its net present value.  Obviously a near
coupon is  wo rth m ore t han a far coup on becau se it  can b e reinvested but also, in
nearly all ca ses (except for negative interest rates), the real coupon amount will be
greater the sooner it is received.

However, this measure gives only the potential return. The limitations o f using the
redemption yield to discount future cash flows are:
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•  The redemption yield assumes that a bond is  h eld t o m aturity.  (i. e. the
redemption y ield is only ach ieved i f a bond is  held  to  maturity);

•  It discounts each cash flow at the same rate;

•  It assumes a bondholder can reinvest all coupons received at the same rate i.e.
the redemption yield rate (i.e.  as sumes a flat y ield curve), whereas in reality
coupons will be re invested at the market r ate prevailing a t the time they are
received;

•  The discount rate used for a cash flow in, say, three years’ time from a 5 y ear
bond will be different from the rate used to discount the three year payment on
a 10 year bond.

The redem ption y ield cur ve suffers from  the se lim itations. The cur ve is used for
simple analysis, and can also be us ed when there are in sufficient bonds available to
construct a more sophisticated yield curve.

Net redemption yields

The above equation has looked at gross returns, but bond investors are likely to be
subject to tax: possibly both on income and capital gain.

The net redemption yield, if taxed on both coupon and redemption payments, is given
by:-

P = 
n

net )r1(

)
100

ratetax 1()
100

ratetax -c(1

 r1

)
100

ratetax 1(c

net
+

−+
+

+

− R
�

P   =  Dirty price
c   =  Coupon
R   =  Redemption payment

netr =  net redemption yield

This is a si mple example.  In  practice, if withholding tax is imposed the equation is
not so simple as a percentage of tax will be imposed a t source with the remainder
being accounted for after the payment has been received.   As tax rules can materially
affect the price of bonds, their effects need to be taken into account in any yield curve
modelling process in order to avoid distortions in the estimated yield curve.
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3.6  Spot Rate and the Zero Coupon Curve

Given the limitations o f t he Re demption Y ield, i t w ould s eem more logi cal to
discount each cash flow by a rate appropriate to its maturity; that is, using a spot rate.

P = c
z1 1+

   +     c
z( )1 2

2+
    +    c

z( )1 3
3+

   +  …  + n
nz

c
)1(

R
+
+

Where P  = Price (dirty)
c  = Coupons
n  = Number of periods
z i = Spot rate for period i
R = Redemption payment

Each spot rate is the specific zero coupon yield related to that maturity and therefore
gives a more accurate rate of discount at that maturity than the redemption yield. It
also means that assumptions on reinvestment rates are not necessary.   Spot rates take
into account current spot rates, expectations of fu ture spot rates , expected inflation,
liquidity premia and risk premia.

The curve resulting from the zero coupon (spot) rates is often referred to as the ‘Term
Structure of Interest Rates’;  the plot of spot rates of varying maturities against those
maturities.  Thi s curve gives an  un ambiguous relati onship between yield and
maturity.

A zero coupon curve can be es timated from exis ting bonds or by using actua l zero
rates in the market-

Estimating a zero-coupon curve from existing bonds

If we know the spot rate ( r1 ) of a one-year bond, then we can determine the two-year
spot rate (r2).

Using an existing  two year bond:-

2
21

2 )r(1
Rc

r1
cP

+
++

+
=

As the other variables are known, 2r  can be calculated.



16

Then, 3r , the third period spot rate, can be found from looking at a 3 year bond:-

3
3

2
21

3 )r(1
Rc

)r(1
c

r1
cP

+
++

+
+

+
=

This process continues to obtain the zero coupon curve.

Of course, there are a number of one per iod, two period, etc.  bonds, and therefore
different values of  r r1, 2 , etc. will be found depending on which bonds are used.

In addition to this method (known as ‘ bootstrapping’), traders can (and usually do)
use more sophisticated models to create the zero curve.   However, evidence suggests
that t he z ero c urve c onstructed fr om boo tstrapping a nd the zero curve constructed
from a more sophisticated model are very similar.

The zero coupon curve equation can be rewritten as

P = Cd1 + Cd 2 +Cd 3  + … (c+R)d n

Where the discount function ( d1 ) is a function of time.

For example, if we assume the discount function is linear5, the discount function may
be:

df(t) = a+bt

It is possible to solve the above equation for any d i, then obtain the coefficients by
applying a regression. The curve is then fitted.  The detail of this is beyond the scope
of this Handbook but the reading list gives direction to further details of curve fitting
techniques.

Constructing a zero coupon curve using observed market rates

The zer o co upon c urve ca n be a lso c onstructed fr om actua l zer o co upon ra tes (if
sufficient zero coupon bonds are issued or if stripping is allowed, and gives rise to a
sufficient am ount of st rips6 tha t are regularly traded so that the market rates are
meaningful).  However, for ex ample, st ripping in  th e UK h as no t, so far, creat ed
enough zeros to create a sensible curve.

In theory, once a strips market is liquid enough, traders should be able to compare the
theoretical zer o curve and the strips c urve to s ee whe ther there are a ny arbitrage
                                                
5 In reality, the discount function will not be linear, but a more complicated polynominal.
6 See Section 4.6,  page 32 for more detailed discussion on stripping.
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opportunities.  In  p ractice, th e UK st rips cu rve s ays more about illiquidity than
market information as only 2.2% of st rippable gilts were held in stripped form (as at
November 2000).

The main u ses of th e zero  co upon cu rve are fin ding rel atively m isvalued b onds,
valuing s wap portfolios and  v aluing new bo nds at  au ction. Th e advant age of this
curve is tha t it dis counts all paym ents at the appropriate rate, provide s accurate
present values and does not need to make reinvestment rate assumptions.

3.7  Forward Zero Coupon Yield  (Implied forward rate)

Forward spot yields indicate the e xpected spot y ield a t s ome date in the f uture.
These can be derived simply from spot rates:

•  The one year spot rate is the rate available now for investing for 1 year (rate = r1)
•  The two year spot rate is the rate available now for investing for two years (rate =

r2)

There is thus a rate implied for investing for a one-year period in one year's time (f 1 2, )
i.e.:

(1 + r1) (1 + f1,2) = (1 + r2) 2

i.e. the forward rate is such that an investor will be indifferent to investing for two
years or investing for one year and then rolling over the proceeds for a further year.

The forwar d ze ro ra te c urve is thus der ived from the zero coupon curve by
calculating the implied one period forward rates.  Expressing the price of the bond in
terms of these rates gives:-

P = c
f( )1 1+

+
)1)(1( 21 ff

c
++

+ c
f f f( )( )( )1 1 11 2 3+ + +

+… 
)1)...(1)(1(

R

21 nfff
c

+++
+

Where f i  = i th period forward r ate for one further period (i.e. the one-year rate in i
years’ time)

All forward yield curves can be calculated in this way.  However, this simple formula
assumes the expectations hypothesis (see above) i.e. the implied forward rate equals
the spot rate that prevails in the future.  H owever, the liquidity premium hypothesis
suggests that the implied forward rate equals the expected future spot rate plus a risk
premium.
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3.8  Real implied forward rates

By using index-linked bonds, it is possible to create a real implied forward rate curve.
However, there are limitations to the a ccuracy of this cur ve due to tw o m ain
constraints:

•  For most co untries, t here will b e fewer obs ervations t han tho se fo r the no minal
implied forward curve.

•  There is  usu ally a l ag in ind exation and th erefore there will be s ome inflation
assumption built in to the curve.

Notwithstanding the limitations, th e Fi sher identi ty7, sh own belo w, all ows us  to
derive a simple estimate for implied forward inflation rates i.e. a measure of inflation
expectations.  (This ide ntity can also be used with c urrent yields in orde r to extract
current inflation expectations.)

 ( ) ( ) ( )[ ]forward inflation 1forward real1forward nominal 1 ++=+

As an approximation, we can use:
Nominal forward = real forward + inflation forward

However, this is the s implest fo rm o f t he Fi sher equ ation, wh ich has  a nu mber o f
variants depending on whether compound interest is used and whether risk premia are
included.  Also, in ad dition to  th e li mitations d escribed abov e, th ere m ay b e a
liquidity premium depending on  the ind ex l inked m arket.   Th ese co ncepts are
discussed further in a Bank of England Working Paper8.

3.9  Par Yield

The par yield is a hypothetical yield. It is the coupon that a bond would have in order
to be priced at par, using the zero coupon rates in the discount function. This can be
seen from the following equation.

If priced at par, the price would be the redemption value i.e.;

R = y
z1 1+

    +    y
z( )1 2

2+
     +     y

z( )1 3
3+

     + …  + n
nz
Ry
)1( +

+

                                                
7 The Fisher identity was first used to link ex-ante nominal and real interest rates with expected inflation rates.
8 Bank of England Working Paper 23 – July 1994, ‘Deriving Estimates of Inflation expectations from the prices of UK
Government bonds’, by Andrew Derry and Mark Deacon, gives further details of estimating inflation expectations and
how this information is used.
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Where y is the par yield
iz  is the rate of return at maturity i (i.e. the spot rates at maturity i)

R  is the redemption payment

Example 6

Calculate the par yield on a 3-year bond, if the 1,2 and 3-year spot rates are given as:-

1 year 2 year 3 year

12.25% 11.50% 10.50%

Thus, we need to calculate the coupon on a bond such that the bond will be priced at
par.

100   =  c
( . )1 01225+

      +      c
( . )1 0115 2+

     +      c +
+

100
1 0105 3( . )

Solving this gives c = 10.62%.  Therefore this is the par yield on this 3-year bond.

The par yield curve is used for determining the coupon to set on new bond issues, and
for assessing relative value.

3.10  Relationship between curves

The par, zero and forward curves are related.

In an environment of upward sloping yield curves, the zero curve will s it above the
par curve because the y ield on a c oupon bea ring b ond is af fected by  t he fac t t hat
some income is received before the maturity date, and the rate used to discount these

forward

zero

par
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payments will be lower than the rate used to discount the payment at maturity.   Also,
as the f orward cur ve give s m arginal ra tes der ived from  the zer o cur ve, it will be
above the zero curve9 .

The opposite is true in a
downward sloping yield curve
environment:-

3.11  Other yields

There are also a number of less commonly used yield measures e.g. yield to average
life, yield to call etc.  These are not covered in this handbook.

4 Debt Management Products

4.1  Treasury bills

Treasury bil ls ar e s hort term disc ount i nstruments ( usually of le ss than on e year
maturity) and therefore are useful funding ins truments in the early stages of a debt
market when investors do not want to lock in to long maturities.  They are issued at a
discount to their face value and have one payment on redemption. The advantages of
Treasury bills ar e that they are sim ple, tra deable in the sec ondary market and are
government credit risk.

However, because of t heir short m aturities they nee d t o b e rolled over frequently,
meaning that the future cost of debt servicing is uncertain.  A lso, shorter maturities
result in  a very  s hort gov ernment yield curve:  a longer yield cu rve i s o bviously
beneficial t o de veloping fi nancial markets as it pr ovides in formation and allows
pricing of new products.

There are a number of issues to take into account before issuing Treasury bills.  For
example, how will they be issued and to whom?  If the government wishes to reach a
                                                
9 As spot rates can be thought of as average rates from which marginal (forward) rates are derived.

par

zero

forward
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wide rang e of in vestors, in cluding th e ret ail sector, th en th is coul d m ean th at the
government is a competitor to the banking system, which could actually stifle market
development (alt hough thi s will , o f co urse, pro vide th e priv ate s ector wit h a
benchmark).  A lso, if i ssuing to t he re tail i nvestor, an auction process may prove
difficult to understand and to price correctly.  The government may need to think of
other distribution channels (e.g. banks themselves, although they may charge a fee for
this, making issuance expensive).  A further consideration is minimum denomination
(smaller if the retail investor is to be attracted) and whether to set a minimum price.

In more developed countries, Treasury bills are also used for monetary management
purposes.  The increase (decrease) of Trea sury bill iss uance will affec t the liquidity
position of banks by withdrawing (increasing) liquidity from the market.

Calculation of Treasury bill yield/price

The Treasury bill is a discount instrument i.e. sold at a discount to its face value.   For
the purposes of the e xample on pricing, the following form ulae refer to the UK
market:  ot her m arkets wil l have di fferent conv entions (e.g. the US market uses a
360-day year).

The discount rate is described as the return on a discount instrument compared with
its redemption value (also referred to as par or f ace value) in the future.   It is given
by the following formula:

Discount Rate (%) =  
 Maturityto Days
x100365

x
Par

price PurchasePar−

Rearranging the abov e eq uation to  fi nd th e actu al discount (in p rice, rather th an
percentage) gives:-

Discount = nominal amount x discount rate x 
365
 Maturity toDays

In order to work out the yield and price on a Treasury Bill, the following formulae are
used:-

Yield = 
maturity  todays

365x100
price purchase

price purchase -Par x   �
��
�

�

price purchase
parx  ratediscount or 

Price = 100- �
�
�

�

365
maturity  todaysx  ratediscount 
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Or, simply, face value minus discount.

It is important to note that the discount rate (o ften referred to as the rate of interest)
and the yield on a Treasury bill are not the s ame.   The disc ount ra te is a m arket
convention, and predates the every day use of computers in bond markets.   Using the
discount rat e ga ve a n ea sy calcu lation f rom rate to price and a fairly close
approximation to true yield10.

Example 7

If a 30-day T reasury Bill ( nominal £ 100), has a d iscount ra te o f 6%  t he y ield i s
calculated as:-

Discount =   
365
30

100
6100 ×x   = 49p

The bill therefore sells for 99.51p

The yield will be:

51.99
100

100
6 ×   = 6.0295%

4.2  Conventional bonds

A 'con ventional' b ond is one t hat ha s a series of fixed coupons and a redemption
payment at maturity.  Coupons are usually paid annually or semi-annually.

A co nventional bon d, e. g. ‘6 % 2 005’, i s a b ond th at has  a 6 % coupon and a
repayment da te in 2005.   T he pr ospectus11 will d etail the t erms an d cond itions
applied t o t he b ond, including the da tes of the co upon payments an d the final
maturity o f t he bo nd.   Fo r ex ample, i f t he above bond h as semi-annual coupon
payments, th en fo r each  £1 00 of th e bon d purchased, the holder wil l recei ve £3
coupon payment every six months up to the maturity of the bond.

This is a ‘standard’ bond issued by governments, although it does not necessarily suit
all investors, n ot least bec ause the r eceipt of r egular c oupon payments i ntroduces
reinvestment ris k, as  coup ons n eed to be re-i nvested at rat es o f i nterest that are
uncertain at the time of purchasing the bond.

                                                
10 Especially at the time of low interest rates
11 For most countries, the issuer will have to produce a p rospectus detailing terms and conditions of issue.  This also
applies to corporate bonds.



23

The conventional bond can be thought of as offering a no minal yield that takes into
account the real y ield a nd a nticipated inflation.  The rea l y ield required can be
thought of as the sum of two components: a real return and a risk premium reflecting
the uncertainty of inflation12.  This can be written as:

5
e RPPRN ++= �

where N is the nominal return
 R is the real yield
 eP� is the expected inflation rate over the period the bond is held
 RP is the risk premium

The risk premium is the amount the market demands for unanticipated inflation. It is
difficult to e xactly price the r isk prem ium, but if we know the market’s view of
inflation exp ectations then it is possible to  h ave some i dea of th e size o f the risk
premium, by looking at the difference between nominal and real rates in the market.

Obviously in countries with high inflation, the risk premium will be greater, given the
uncertainty.   Bu t t he very  act  o f issuing index-linked d ebt (su ggesting t hat t he
government is confident o f red ucing inflation) m ay help re duce th e r isk pr emium
built into conventional debt.  In c ountries where inflation has been low and stable,
investors will feel more certain that the value of their investment will not be eroded
and therefore will demand a lower risk premium.

(The pricing of a conventional bond with multiple cash flows was covered in Section
2.3 earlier.)

4.3  Floating Rate Bonds

A floating rate bond (“floater”) has a coupon linked to some short-term reference rate
e.g. an interbank rate.  It is usually issued at a margin (or spread) above this reference
rate.  This ensures that the investor gets a cu rrent rat e of re turn, w hilst ( usually)
locking in his investment for a longer period than this.  The price of a floater depends
on the spread above or belo w th e reference rat e an d an y res trictions th at m ay b e
imposed on  the resetting of the coupon (e.g . if it  has caps or floors) plus the usual
credit and liquidity considerations.

The rate is  usually a mark et rat e.  In  the UK, fo r example, the rate on  the sterling
denominated floater is based on LIBID (the London Interbank Bid Rate) at 11am on
the day before payment of the p revious cou pon date.  Th e coup on is  paid on  a
quarterly basis and is therefore calculated 3 m onths and one day ahead of payment.

                                                
12 Risk premium was not taken into account in the simple Fisher identity described earlier.
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(Traders will therefore always know the nominal value of the next coupon payment
which is important, as it allows accrued interest to be calculated and a fair price for a
trade t o b e de termined.)  T he ra te i s d etermined by  the Bank of England dealers
telephoning - at  11am - the top 20  banks13 in the UK and a sking for their re levant
LIBID rate.   T he outliers are rem oved and the remainder averaged. Further details
can be found in the relevant prospectus.

An o bvious measure of value t o t he i ssuer is th e re turn gi ven above or below the
market index or benchmark rate (i.e. LIBID, in the UK’s case).  These margin values
(if below m arket norm ) indicate the better cr edit quality of government is suance.
Corporates also issue floaters a nd m ay pa y a s mall margin over a ref erence ra te,
depending on their credit quality.

Because the va lue of the coupon in the future is not know n, it is not pos sible to
determine the future cash flows.  This means that a redemption yield measure cannot
be calculated for a floating-rate bond.

Simple Margin

One measure of assessing the return to the investor is a simple margin, which is given
by:-

Simple margin =
maturity  toyears
price-par margin Quoted +

Example 8

If a floater paid a coupon of LIBOR+1/4 , had 3 years to maturity, and was priced at
99, then the return would be calculated as follows:-

58.033.025.0
3

)99100(1/4 margin Simple =+=−+=

So overall expected return is LIBOR +0.58%

The simple margin uses a comparison with the 'index' and calculates it throughout the
life of the bond.  However, it does not take into account the current yield effect on the
price of the floater, since coupon payments received are given the same weight if the
price is above or below par.  Also, the discount/premium of the bond is amortised to
par in a straight line over the life of the floater rather than discounted at a constantly
compounded rate.  To overcome these drawbacks, one can use a discounted margin.

                                                
13 Measured by balance sheet size at the end of the previous calendar year.
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Discount margin

The equa tion be low is simply calcula ting the net present value of all cash flows,
using

as the discount rate for each period.

The following equation can be solved for d, the discounted margin:-

( ) n
�

�
�

��
�

�
�

�
=

++

++++
++

+

100
dLIBOR1

RmarginquotedLIBOR

100
dLIBOR 1

margin quotedLIBOR Price �

This measure attempts to discount all ca sh flows and to therefore give some idea of
the Net Present Value of ea ch ca sh fl ow.  H owever, it m akes a n as sumption that
LIBOR will remain the same throughout the life of the bond.  A  more sophisticated
technique would be to construct a projected LIBOR curve, and therefore discount at a
more accurate rate.   However,  a s the m aturity of the f loater is usually  shor t term
(and th at th is m ethod also  n ecessitates so me form of assumption) it i s n ot u sually
employed.

4.4  Index-Linked Bonds14

A num ber of g overnments i ssue indexed securities. The most common index is a
consumer price index (CPI), but other measures could be used e.g. average earnings,
producer prices (i nput or output) or even stock market i ndices15.  A mongst O ECD
governments, the UK is the largest i ssuer of securities indexed to consumer prices.
Indexed securities accounted for around 22.5% of the UK government’s marketable
debt as  at  end  Nov ember 2 000 (in cluding an  inflation upl ift). Oth er OECD
government i ssuers of indexed s ecurities include A ustralia, Ca nada, H ungary,
Iceland, Mexico, New Zealand, Poland, Sweden, Turkey and, more recently, the US
(1997) and France (1998). Issuance is also substantial in Chile, Colombia and Israel.

                                                
14 See Handbook No 11: ‘Government Securities:  primary issuance’.
15A major problem with using  average earnings i s that while in principle it co uld meet the needs o f many investors,
such series are t ypically less robust than the CPI, often involving an element of  judgement.  Producer price or stock
market indexation would technically be very simple;  but the former would be less suitable for investors than consumer
price indexation, and the latter would almost certainly be much more volatile than a C PI linkage, and would probably
not meet the needs of most potential investors in government securities (lack of credit risk, a stock market crash would
reduce the value of the security, stability etc.).

( )  
100

dLIBOR +
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Choice of index

Indexed securities rely on the existence of a g ood index.   In vestors will need to be
persuaded that the series chosen is th e most reliable and the most relevant to th em
and that there should be no perception that the government is influencing the index
artificially. If there is uncertainty about the appropriateness or reliability of the index,
then indexed sec urities w ill substitute o ne ty pe of u ncertainty for another.  Put
another w ay, if the inflation i nsurance t hat the g overnment is selling is of poor
quality, the government ca nnot e xpect t o b e pa id m uch for i t. T he index c hosen
should not be subject to undue revision and should be published regularly and with a
short lag.

Indexation to the CPI is different in several important respects from linking a security
to either interbank rates or secondary market yields on other securities.

•  The government has more direct influence over short-term yields and interest rates,
via the central bank’s market operations, than it ha s for affecting inflation in the
short term.  The CPI is  therefore in principle more independent.

•  Indexation to  the CPI gi ves the in vestor a certain  real  ret urn ex  an te16 wh ile h e
holds the security, but the secondary market pr ice will fluc tuate in line with rea l
interest rates .  Lin kage to a short-term money market rate will not  give a certain
real return while the security is held, but the secondary market value of the security
will typically remain close to par (i.e. the nominal value of the security is stable
and the investor is protected against fluctuations in the real interest rate).

•  A slightly out-of-date price index will normally need to be used so that coupon and
principal payments can be calculated and paid on the due date (this can be true of
indices based on interbank rates).   Th is is because inflation can only be observed
with a la g. In general t he longer the maturity of th e security - provided that the
principal indexation is capitalised and paid on maturity - the less significant is the
lag. A three-month lag on a t hirty-year security is c learly less significant than the
same lag on a six-month security. In some countries the taxation system effectively
requires that the in vestor needs to know the va lue of the next coupon to be paid,
and the indexation lag therefore has to  be longer than the period covered  by the
coupon.  In Australia a nd N ew Z ealand t he c oupon per iod f or index-linked
securities has accordingly been set at 3 months. In the UK the indexation lag is 8
months.

                                                
16 The realised return on any securities investment will of course depend on whether a security
is held to maturity or re-sold on the secondary market.
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Some people fear that the issue of  CP-indexe d securities - especially in the absence
of any necessary corrective fiscal measures - m ay be take n to va lidate a m ore
widespread use of in dexation, which in turn would tend to weaken the resistance to
inflation of the population as a whole. This argument was used by the Banca d’Italia
in 1981 to oppose price indexation17. There are examples of widespread indexation in
an economy creating a level of “inflation inertia”; but it is harder to demonstrate that
the indexation of government s ecurities itself va lidates a wider use of indexation.
This has certainly not happened in the UK.

Benefits of index linked issuance

There are a number of potential advantages to issuing index-linked securities:-

•  If the government is more successful in bringing down, or holding down, the rate
of in flation than the m arket i s expecting, it s financing costs will b e lower i f it
issues indexed securities than if it sells fixed coupon securities18. While this gives
the government an in centive not  to  lo osen m onetary p olicy ex cessively, i t
indicates that indexed securities may prove t o be expensive if the government’s
anti-inflationary resolve is  not  su fficiently s trong (alt hough i f inflation is  hig her
than ex pected, the government’s no minal revenu e should als o b e higher than
budgeted.   Inde xed se curities m ight reinf orce the gover nment’s anti-inf lation
credibility b y red ucing its in centive to  erod e th e real  burden of no minal d ebt
through inflation.

•  Indexed securities also reduce an y s hort-term co nflict of in terest bet ween
monetary policy and th e government’s fi nancing co sts.  Par ticularly in a h igh
inflation economy where government de bt is pre dominantly short-term, a
tightening of m onetary policy will very quickly increase the interest cost both of
fixed coupon securities and of securities linked to short-term money market rates.
This m ay make a go vernment rel uctant t o ta ke t he n ecessary monetary policy
actions.

•  Indexed securities might also act as a hedge against inflation-related variations in
government revenues and so m inimise th e inflation risk  to  th e go vernment’s
finances. If inflation falls, then revenues from income tax, corporate tax and value
added tax wi ll al so tend  to  be lo wer th an wou ld oth erwise be th e cas e, as  the
nominal b ase on w hich th e taxes are l evied in creases at  a lower rate th an if
inflation had been higher. Similarly, i f i nflation is  higher than forecast, nominal
revenues will also  rise. Thi s broad hedge is  in  it self useful, since it will t end to

                                                
17 “It would be a serious mistake to move towards the Indexation of public debt to prices without having first eliminated
the fundamental causes of budget disequilibrium” - Annual Report 1981, page 406. Italy subsequently issued an
(unsuccessful) indexed bond in August 1983.
18 Of  co urse, it ca nnot b e relied  u pon i.e. th e market may not consistently overestimate inflation and therefore this
assumption should not drive the policy.
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smooth the p ath o f the budget deficit .  But  a go vernment should s till expect to
benefit from a reduct ion in inflation fr om, other t hings being e qual, hig her
economic growth.

•  Many investors - particularly retail investors - w ill pay a prem ium for the
‘inflation insurance’ provided by index-linked debt.  The higher and more volatile
inflation, the larger will be th e inflation insurance premium (‘risk-premium’) that
investors will be prepared to pay on a fixed coupon security.

•  Indexed securities may allow the government to issue longer-term debt than might
be pos sible with  fix ed coup on securities.  This can b e h elpful i n h igh inflation
economies where d ebt i s pr edominantly shor t-term and must be ro lled o ver
frequently. Issuers should nevertheless move gradually in lengthening maturities:
investors used to 3 a nd 6 m onth se curities w ill be v ery w ary of the s udden
introduction of 10 year indexed bonds.

•  These securities also broaden the range of instruments which the government can
offer to investors. This should increase demand, particularly from those investors
who prefer stability in real values rather than in nominal cash flows.

•  Indexed bonds can allow the authorities to extract information about the market’s
expectations of inflation.

The real interest rate

In the absence of capital controls, one might expect there to be a “world” real interest
rate; but this does not appear to be the case (although cross country comparisons may
be misleading because of the effect of differing tax regimes on the nominal gross real
interest rate).    Politica l effects are also bound to influence this area.  In the UK the
early issues of indexed securities paid a real yield of around 2%, this rose to over 4%
in the early 1990s, but went back to around 2% in 2000. Rea l yields in the UK, as at
June 2000, were m uch l ower than in other i ndex-linked m arkets because of t he
supply/demand disequilibrium in the UK. This has reduced the perceived reliability
of index-linked gilt y ields as a m easure of risk-free real rates of return in the wider
economy.

Break even inflation rate (BEIR)

Whether investors w ill buy in dex-linked sec urities in pref erence to conventional
securities partly depends on the expected break even inflation rate.  This is the rate
at whi ch the n et m oney yield on  th e i ndex-linked s ecurity equates to the n et
redemption y ield on the conv entional s ecurity at  th e investor’s tax rate. So, if
investors expect inflation to be higher than the break even rate, they will get a better
real return by buying the index-linked bonds.
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In or der to cal culate a Brea k e ven i nflation ra te, a t the nominal yield (N) of a
conventional bond is compared to the real  yield (R) on an index-linked bond of the
same m aturity. (In  cal culating the real  y ield, th ere h as been  ob viously b een so me
assumption made about inflation e.g. the assumed average inflation over the life of a
bond.)

When N-R is equal to inflation expectations (I), this is the BEIR. So it is an iterative
process such th at th e in flation assu mption wit hin th e real  y ield is equ al to  th e
inflation expectations derived from the difference between the nominal and real yield.

N-R = I : where I = BEIR and I is the inflation assumption with R.

If the BEIR rises, then N is  risi ng fas ter th an R so , ot her th ings being equ al, th e
markets expectations of inflation is rising. If an investor expects inflation to be higher
than the break ev en rate th en, ot her th ings being equ al, h e w ill bu y i ndex-linked
bonds.

Example 9

The exam ples19 b elow use act ual data fro m t he UK b ond m arket and the i terative
calculation has been co mputed us ing a m odel.   Al though th e it erative calculation
cannot b e se t o ut he re, i t dem onstrates t hat t he s horter t he m aturity of th e i ndex-
linked bond, the greater the significance of the choice of inflation assumption.

Market data for 20 July 2000:

Bond Yield

7% 2001 6.06 (N)
2½% Index Linked 2001 3.991 (R)

Using a simple BEIR, and ignoring th e fact  th at th e real  y ield is  d ependent on an
inflation assumption, then:

 BEIR = N-R = 2.069
Using an iterative method, such that the BEIR is equal to the inflation assumption in
the real yield,

BEIR = 1.048.

                                                
19 The calculations are s imply done using gross returns, but would be more accurate if BEIRs were calculated using
different rates of tax. Also, the calculation above assumes no liquidity or risk premia.
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Example 10

Market Data for 20 July 2000

Bond Yield

8% 2005 4.877 (N)
2½% Index Linked 2016 2.044 (R)

A simple BEIR is calculated by N-R = 2.833

BEIR using the iterative method is 2.815

Payments flows

The payment stream of indexed bonds is typically back-loaded. Normally that part of
the y ield whi ch relat es to  actu al in flation is effectively capitalised and repaid on
maturity (if the principal is indexed and all principal is repaid on maturity rather than
during the life of th e securit y). Th is red uces the go vernment’s bu dget deficit on a
cash basis in the early years of a b ond’s life. An irresponsible government might be
tempted to loosen fiscal policy accordingly, leaving the burden to be bor ne by later
governments/generations.  If t he market perceived this to be case, the government’s
anti-inflation credibility would be weakened. (The same argument would hold for the
issuance of zero coupon securities with a maturity of more than one year.)

The tables in Appendix 2 indicate the cash flow profiles of fixed coupon and indexed
securities, with two variations on indexation.   In the first, the inflation payment is all
made at re demption, so that the cashflow is low  during the li fe of the security and
high at the end20.  This may suit the demands of some investors well - particularly in
a relatively high inflation economy -  and so reduce the cost of finance21.  The second
pays the inflation uplift at the end of each coupon period.  This means that, ex ante,
the payments flow will be similar to that for a fixed coupon security - assuming that
no ‘inflation premium’ is paid on the latter and that the level of inflation is expected
to be stable.  Ex post, the pattern and sum of payments will be different, to the extent
that the inflation outtur n differ s fr om expectations.  The colum ns at the bottom of
each table show the net pre sent value of the cas h flows, using the nominal yield on
the f ixed coupon s ecurity as a def lator.  [A third possible paym ents flow - zero

                                                
20 The duration (the weighted average term to maturity of the discounted cash flows) of such
securities will be higher than for fixed interest securities with the same maturity.  (See Section 5.1 for further discussion
of duration).
21 A discussion of investor preference and potential benefits to the government as issuer in identifying the “preferred
habitats” of investors can be found in Handbook No. 5 ‘The management of government debt’.
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coupon, where the real interest as well as the inflation uplift are paid on maturity, is
not illustrated here.  This method has been used in Iceland, Poland and Sweden.]

Figures for each type of security are shown for two different expected inflation rates:
10% and 50%;  and there is a variant  for th e 50 % in flation rat e scenario, wi th an
inflation ri sk premium pay able on the fi xed co upon s ecurity.  It is cl ear fr om the
tables that the ca sh flows for the different types of sec urity diverge increasingly as
inflation rises.

4.5  Convertible bonds

Some gover nments ha ve issued convertible bonds.  The se norm ally offer the
investor the option of converting from one type of s ecurity to another, e.g . short to
long-term or vice versa, fixed to floating or indexed.  In issuing them the government
hopes that the investor will pay a premium for the option, and that this premium will
more than offset the cost to the government if the option is exercised.

Equity-convertible bonds may be usef ul if the government is planning to pr ivatise
certain assets, such as state-owned enterprises, and wishes to obtain some of the value
of the privatisation proceeds early.  For instance, a security convertible into an equity
could be sold for 100, re deemable in 2 y ears tim e or conver tible at the investor’s
option in to, say , 1 0 s hares o f a cert ain ent erprise which i s t o b e privatised.  If the
estimated m arket v alue of th at enterprise ri ses during th e period, the investor will
exercise his option and convert;  and if its value has risen much faster than expected,
the opportunity cost to the government - through selling the option to buy at a fixed
price - may outweigh the premium received for selling the option.  If the enterprise’s
estimated value falls, the investor will buy the shares more cheaply in the market and
not exercise the option.  If it turns out, for whatever reason, that the enterprise is not
privatised, some compensation may need to be paid to the investor.

4.6  Zero coupon bonds and strips

A zero coupon bond has only one (redemption) payment and is sold at a discount to
its face value.   In pricing the bond, it will be discounted at its spot rate i.e. the rate of
discount specific to that maturity.

The price of a zero coupon bond is therefore given by:-

Price = 
)1( iZ

R
+

Where R is the redemption payment
Zi is the spot rate relating to period i:  (the maturity of the bond)
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The discount rate used (Zi ) can be thought as the redemption yield of a zero-coupon
bond.

The zero coupon bond has a number of advantages over its conventional counterpart.
The zero  coup on bond consists o f a si ngle p oint cash  flow and th erefore, b y
purchasing a selection of su ch bon ds, th e in vestor can  bui ld up  th e cash  flo ws h e
wants, rath er than recei ving - an d possibly n eeding to reinvest - frequent coup ons.
This allows far more efficient asset/liability management and eliminates reinvestment
risk. Zero  cou pon bo nds can  th erefore b e used as  bui lding blo cks from which to
construct financial instruments such as annuities or deferred payment bonds.

A zero c oupon bond al so ha s gr eater d uration (f or t he s ame maturity) and greater
convexity (fo r th e same d uration) than cou pon bon ds.  (See Sect ion 5  fo r a more
detailed discussion on duration and  co nvexity.)  Th is m akes th em p otentially
attractive to a large part of the m arket;  f or example, traders, who tr ade on risk a nd
are lo oking fo r in creased vol atility; i nvestors wh o want  lo ng duration assets; fund
managers who  are seeking to  m atch th e du ration o f their portfolios and  have, for
example, long duration pension liabilities.

Before issuing zero coupon bonds, governments will wish to know where on the yield
curve the demand is. This is usually at the short end (as traders are keen to trade these
potentially volatile instruments) or at  the long end where duration is  high.  Becaus e
there is less obvious demand for the medium maturity zeroes, some players may be
less w illing to strip a b ond ( see be low) for fear of hav ing th ese relatively high
duration products sitting on their balance sheets.  Fo r this reason, central banks may
be wil ling to take th em as  co llateral in  th eir m onetary operations in order to give
some utility.

Depending on government accounting methods, some g overnments m ay b e a l ittle
averse to ze ro coupon issuance as the monies received at issuance will obviously be
less than a coupon bond of the same maturity.

Strips

A strip is a ze ro c oupon bond, d erived fr om separat ing a standard c oupon-bearing
bond into its  constituent interest and principal payments that can then be separately
held or traded as zero-coupon bonds22.   For example, a 5-y ear bond w ith an annual
coupon co uld be se parated into s ix ze ro-coupon bonds, five representing t he cash
flows arising from coup ons a nd one rel ating to the pr incipal re payment. For £ 100
nominal worth of this bond with, say, a 6 % coupon paying on 1 June each year the
following cashflow would result from stripping:-

                                                
22 Wh en s trips were i ntroduced in  t he US, ST RIP was an  acron ym for Separately Traded Registered Interest and
Principal.   It is not used as an acronym in the UK.
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Chart 4.6

Thus, stripping would leave five zero coupon bonds of £6.00 (nominal), maturing on
1 June each year and one zero coupon bond of £100 (nominal) maturing on 1 June in
five years time.

As most strip markets trade on yield rather than price, it follows that a standard yield
formula should be used to calculate settlement value, t o av oid a ny dis putes.  T he
Bank o f E ngland designated the fol lowing p rice/yield relati onship for the UK
government securities strips market:
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where: P = Price per £100 nominal of the strip
            y = Gross redemption yield (decimal) ie if the yield is 8% then y = 0.08

r = Exact number of d ays fro m t he s ettlement/issue date to  th e next quasi-
coupon date
s = Exact number of days in the quasi-coupon period in which the settlement
date falls
n = Number of remaining quasi-coupon period after the current period
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and: - r&s are not adjusted for non-working days

- The Bank of Eng land p roposed th at y ields be qu oted to  3  decimal
places and prices quoted to a maximum of 6 decimal places

- A quasi-coupon date is a date on which a c oupon would be due were
the bond coupon bearing rather than a strip.

- The form ula is the semi-annual e quivalent of the Fre nch Tres or
formula an d i t differs fr om the U S formula in using compound rather
than simple interest for the shortest strip.

- The yield is divided by 2 because the UK government strips market is
based on and  deli berately quoted to be compatible wi th the underlying
market, in which bonds are quoted on a semi-annual basis.

If investors see st ripping as  a useful process, th en th ey s hould be wil ling to pay a
premium for the product, thereby reducing yields on strippable stocks (and therefore
lowering funding costs).  However, there are costs to setting up a stripping operation
and the authorities wi ll need to  know whether investors would find it useful before
embarking on this exercise.

In th is resp ect, t here are a number o f is sues to  consider b efore setting up a strips
market. Some of the most important are set out below:-

•  It is  important to make the strips market as (potentially) l iquid as possible. If all
stocks are strippable, but all have different coupon dates, then the strips derived
from each coupon will be relatively small. However, if stoc ks have the sam e
coupon d ate, an d the coup on st rips fro m different s tocks are fungible, this will
obviously make fo r a m ore l iquid market. In th is cas e, on ce a st ock is stripped
each c oupon s trip is sim ply a cash flow with a par ticular maturity date: the
original parent stock is  n o longer re levant.   (A  Ban k of E ngland paper ‘The
Official Gilt Strips Facility:  October 1997’ published shortly ahead of the start of
the UK st rips m arket, p rovided d etails o f the cas h flo ws on  st rippable st ocks,
demonstrating the potential strips outstanding.)

•  In some coun tries (but not in the UK) p rincipal and coupon s trips are fungible.
This means that, once a bond is stripped, the principal and coupon strips with the
same maturity date are in distinguishable .  Th erefore it is possible to create more
of a stock than has originally been issued, by reconstituting the bond using coupon
strips from any other stock in place of the original principal (obviously the coupon
strips will have the same maturity date as the r edemption p ayment of t he s tock
being reconstituted).
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•  The st ripping and  reconst itution process m ust be st raightforward and relatively
inexpensive in order to encourage market players to strip the stock.

•  All profit on a s trip is capital gain and therefore any anomolies between capital
gains ta x a nd income tax should be r educed or, ideally, removed before
introducing stripping. It is important that there are no  tax advantages to stripping,
otherwise the market will tr ade on anom olies ra ther than fundamentals. It c ould
also m ean that a ny gain f rom lower funding costs is m ore than offs et by  the
reduced tax income.

Further details on the issues facing the UK s trips market before its introduction can
be fo und in  ‘Th e Offi cial Gilt  St rips Facil ity’: a p aper b y t he Ban k of England’:
October 1997.  Having introduced a strips market in  the UK i n December 1997, by
the end Jun e 200 0, ju st over £2 .8 bi llion (2 .2%) o f strippable g ilts were held in
stripped fo rm an d weekl y t urnover in  gilt s trips averaged around £50 million
nominal, compared with around £30 billion nominal turnover in non strips.

5 Measures of risk and return

5.1  Duration

In t he past, t here w ere various w ays of m easuring the ‘ riskiness’ of the bond, an d
perhaps the most common was the time to maturity.  All other things being equal, the
longer the bond the greater the volatility of i ts price (risk).  Ho wever, th is measure
only takes in to account the final payment (not any o ther cash flows), does not  take
into account t he t ime value of m oney and therefore does not gi ve an accurate
comparison of relative ‘riskiness’ across bonds.  For example, is an eleven-year bond
with a 10% coupon more risky than a ten-year bond with a 2% coupon?

Duration is a m ore sophisticated measure as it  takes into account all cash flows and
the time value of money. ‘Macauley d uration’ measures, in  years, t he ri skiness (or
volatility) of a bond by calculating the point at which 50% of the cash flows (on a net
present value basis) have been returned. Duration is therefore the weighted average of
the net present va lues of the cash flows.   It allows us to  co mpare t he ri skiness o f
bonds with different maturities, coupons etc.  In calculating the net present values of
the cash flows, it is Redemption Yield that is used as the discount rate.

In mathematical terms, this is expressed as:-

Macauley Duration = 
P

tCFPV t
n

t

×

=
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1
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Where PV CFt( ) =  Present value of cash flow at time t
 t    =  time (years) to each particular cash flow
 P    =  price of the bond (dirty)

It is perhaps easier to look at this pictorally.  Fo r a 5 -year bond with a 10 % annual
coupon, imagine that the s haded area represents the net present va lue of each cash
flow; and that the shaded areas are weights along a seesaw. The Macauley duration is
the point at which the seesaw balances.

Chart 5.1

The relation between Macauley duration, price and yield is given by
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Where y/P ∆∆  = Proportional change in price with respect to change in yield
  P          = price

            y/fc      = yield/frequency of coupon payments per annum
            D          = Macauley duration

From Macauley duration, we ca n express Modified Duration, which is a m easure of
the price sensitivity of a bond:
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Substituting Mo dified D uration in to eq uation (1 ) above, and s lightly rearranging
gives:-

=
∆
∆

py
P 1 Modified Duration                                                                     (2)

Modified Duration describes the sensitivity of a pr ice of a bond to small changes in
its yield – and is often referred to as the volatility of the bond.  It captures, in a single
number, how a bond’s maturity and coupon affect its exposure to interest rate risk.  It
provides a measure of percentage price volatility, not absolute price volatility and is a
measure of the percentage price volatility of the f ull (i.e. dir ty) price. For any small
change in yield, the resulting percentage change in price can be found by multiplying
yield change by Modified Duration as shown below:-

% change in price = - (Modified Duration) x yield change (in basis points) (3)

The ne gative sign i n th e e quation i s, of course, ne cessary as price moves i n the
opposite direction to yield.

Factors affecting duration

Other things being equal, duration will be greater:  the longer the maturity;  the lower
the coupon;  the lower the yield.  This is explained further below:

(i)   Maturity

Looking at  Chart 5 .1, as  maturity increases, the pivotal point needed to  balance the
seesaw will need to shift to the right and therefore duration will increase.

However, this shift to  the right wi ll not con tinue indefinitely as maturity increases.
For a st andard bond, duration is not infinite and the duration on e.g. a 30-year bond
and a per petual w ill be similar. T his c an be understood by  looking again at the
mathematics: the net present value of ca shflows 30 y ears away  are sm all, and the
longer out, wi ll get  smaller. So , in  cal culating th e duration, th ese term s (o n th e
numerator) w ill b ecome negl igible. T he m aximum duration for a standard bond
depends on the yield environment:  for example, as at June 2000 the 30-year bond in
the US had market duration of approximately 14 years;  the longest duration Japanese
bond was 18 years.   Th e foll owing di agram s hows th e ap proximate rel ationship
between duration and maturity of the bond23:
                                                
23 In fact, as a coupon gets paid the duration will slightly decrease and so, more accurately, this would be a jagged
curve (a ‘sawtooth’ pattern).

y
P
P ∆×−=∆ ) DurationModified(
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Chart 5.1b

The duration of a perpetual is given by 
r

r1 D +=

For a zer o coupon, (Macauley) duration w ill always equal the m aturity. This ca n be
seen from the formula as the zero coupon bond has only one cash flow and the price
will be its present value.  It is also obvious from Chart 5.1 as there is only one cash
flow and the pivotal point will therefore be on the cash flow.

(ii)   Coupon

Again, looking at  Chart 5.1, we can  s ee that as coupon decreases the pivotal po int
will again need to move to the right (an increase in duration) in order to balance the
seesaw.

(iii)   Yield

The relationship between duration and yield is perhaps less obvious from the above
diagram but can be un derstood intuitively. As yields increase, all of the net present
values of the future cash flows decline as their discount factors increase, but the cash
flows that are farthest away will show the largest proportional decrease. So the early
cash flows will have a greater weight relative to later cash flows and, on the diagram,
the balancing point would need to move to the l eft to keep the seesaw balanced. As
yields decline, the opposite will occur.

Portfolio duration

One use of duration is immunisation, where a portfolio of assets is selected such that
its duration equals the duration of the liability portfolio. Many fund managers attempt
to duration match their portfolios: th is is  m ore effi cient than “ duration m atching”
individual assets and liabilities.  The du ration of a portfolio is the weighted average
duration of all the bonds in the portfolio i.e. the duration of each bond weighted by its
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percentage wit hin the po rtfolio (t he p ercentage with in th e portfolio is  determined
using present values).

The exam ples belo w sh ow how bon ds of di fferent du ration wil l be affected b y
changes in the yield curve.

Example 10

Consider a bond with Modified Duration of 9.  Its yield increases by 10 basis points.
The approximate percentage change in price is found by using equation (2):-

% change in price = -9(0.10) = 0.90

i.e. a fall in price of  0.9%

Example 11

Two ten-year bonds have durations of 6 and 8.5.  T here is a sm all shift in the yield
curve such that both bond yields fall by 3 basis points. Calculate the percentage price
change.

Bond 1

% change in price = -6(-.03) = +.18%

Bond 2

% change in price = -8.5(-.03) = +.255%

The bond with the higher duration will outperform.

If the bonds were trading at 96.30 and 98.20, the actual price rises would be:-

Bond 1

96.47 =priceNew   17.030.96
100
0.18 =×

Bond 2

98.45 = priceNew   0.25 =98.20 
100
255.0 ×
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Example 12

The Modified Duration of a 10 -year st rip, curren tly s elling at  £85 .50 (per £10 0
nominal), is calculated as follows:-

Macauley duration = 
5.85

1050.85 ×  = 10 years

Modified du ration = 10
1+ y

 (The y ield can be calculated us ing the formula given in

section 4.6 on page 33).

Limitations to using Modified Duration

However, there are limitations in  using Mo dified Du ration in predicting the
price/yield relationship. It is only valid for small changes in yield; for parallel shifts
in the yield curve; and for small time horizons. The reasons for these limitations can
be more clearly seen fr om the graph below. The  price/yield relationship estimated
from the Modified Duration of a bond is linear (shown by the tangent to the curve at
Po) whilst the actual price/yield relationship is a c urve.  There is therefore an error
when using Modified Duration to estimate price movements.

Chart 5.1c

The graph shows that the larger the change in yield, the greater the degree of error in
the price change calculated using modified duration. This error is primarily accounted
for by convexity.

Error in estimating price change for a
change in yield, using modified duration

Price/yield relationship
from modified duration

Actual
relationship

Price

Yield

Po
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5.2  Convexity

Modified Duration indicates how the price of a bo nd varies  fo r s mall ch anges in
yield.  Howeve r, for large changes in y ield, two bonds that have the same yield and
the same Modified Duration can behave quite differently. This is due to the ‘error’ in
using modified d uration, as discussed above. T his e rror is ex plained by convexity,
which is the second derivative of a bond’s price with respect to yield.  The convexity
of a bond is a m easure of the c urvature of its price/yield relationship.  Used in
conjunction with Modifie d Duration, c onvexity provide s a more accurate
approximation of the percentage price change, resulting from a specified change, in a
bond’s yield, than using modified duration alone24.

The approximate percentage price change due to convexity is:-

% price change = ½ x convexity x (percentage yield change)²

The convexity o f a b ond is po sitively rel ated to t he dis persion of t he cash  flo ws.
Thus, other things being equal, if the bond’s cash flows are more spread out in time
than another then it  wil l have a hig her di spersion an d hence a higher co nvexity.
Convexity is also positively related to duration.

Convexity is generally thought of as  desirable and traders may give up yield to have
convexity.  This is beca use, in general, a m ore convex bond will outperform in an
environment of falling yields, and will underperform less as yields rise.  Furthermore,
the convexity effect is asymmetric; for a s pecified fa ll in y ields, the pric e rise on
account of convexity will be greater (in magnitude) than the price fall related to the
convexity factor for the same rise in yields.   C onvexity can therefore be associated
with a bo nd’s pot ential to outperform.   Ho wever, convexity i s a good t hing i f the
yield change i s s ufficient t hat t he greater convexity leads t o outperformance. (For
only small changes in yield, the price change estimated by modified duration gives a
good guide and therefore paying for convexity may not be worth it.) If convex bonds
are overpriced in an envi ronment of low volatility, some investors will want  to  sell
convexity.  And, of course, yields can shift suddenly leading to changes in convexity.

The diagram below shows two bonds AB and  CD, wh ich, at the point P1, have the
same duration.

                                                
24 There will still be small errors, due to third (etc) order derivatives.
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Chart 5.2

The diagram shows the modified duration line relating to bonds AB and CD (i.e. a
tangent to the price/yield curve at point P1).

The pr ice/yield cur ve f or bond CD is c learly more conve x tha n that for bond AB.
This means that, at  th is poi nt, for an y g iven ch ange of y ield, bon d CD will  ou t-
perform AB.  However, over time, the price yield curves will shift and therefore bond
CD will not always outperform.

Callable bonds can display negative convexity. Th is happens when  yields drop and
prices rise above par: that is, when prices approach or exceed the redemption price of
a security, the price-yield relationship becomes non-convex – so although the price of
a callable bond wil l still in crease in  respo nse to a fall  in  y ields, it  wi ll do so at  a
decreasing rate. This is because the chances that the security will be called increases.

Futures contracts also have negative convexity.   When the French strips market was
first set up, some traders hedged the strip with the future.   In the then volatile market
conditions, th ey fo und themselves sh ort of st rips and  long of futures, meaning that
they were short of c onvexity on both s ides. For this reason, care needs to be taken
when hedging in these conditions.

5.3  Price Value of a Basis Point (PV01)

This describes the actual change in the price of a bond if the y ield changes by one
basis point.  Th e higher the PV01, the higher the volatility.  Th is ‘price volatility’ is
the same for an increase or a decrease of 1 basis point in required yield (this holds for
very small changes in yield).
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Example 13

A bond has the following properties:

Annual Coupon  9%
Yield 8%
Maturity (years) 5
Market Price £104
(Nominal Value £100)

Calculate Macauley duration, modified duration and PV01. What is the new  price if
the yield moves to 8.01%?

Macauley duration = 
=

×5

1

t

price
tPV.CF

t

= [
( ) ( ) ( ) ( )

] 104
08.1
1095

08.1
94

08.1
93

08.1
92

08.1
91

5432 ÷
+
×+

+
×+

+
×+

+
×+

+
×

    = 442.58
           104

Macauley Duration = 26.4

Modified Duration = 94.3
08.1

urationMacauley D
=

+

PV01
100100

Price   DurationModified
×

×
=

PV01 = 
10000

104394 ×  = 0.04098

If the yield rises by 1 basis point, the price will fall by .04098.

The new price is 96.103  (to 2dp).

PV01 has the advantage that it does not form a ‘sawtooth’ pattern like duration (i.e.
the duration will temporarily increase immediately after a coupon payment).
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5.4  Rates of Return

The required rate of re turn depends upon a n umber of fac tors, and the required rate
will vary from investor to investor.  It is linked to the level of risk that the investor is
facing as well as the opportunity cost of not holding the money now. The main risk
factors, taken into account when pricing a bond, will be inflation expectations, loss of
liquidity and credit risk.  The investor will also consider reinvestment risk, event risk
and o thers.   O f  co urse t he d emand and supply of the bo nd (and, possibly, tax
considerations) will also affect the bond’s rate of return.

Total Return

In looking at the total return on a bond, the investor will consider :-

(i) The time the investment is held
(ii) Reinvestment rates over this period
(iii) Yield curve
(iv) Coupon rate

For a short time period, the price component is dominant, especially for premium or
discount bonds.   Ho wever, over the longer time horizons, coupon and reinvestment
returns become m ore significant;  t he re investment ri sk is obviously great er i n
high/rising interest rate environments.

Holding Period Return

The Holding Period Return (HPR)25 is calculated retrospectively and is not used for
predicting returns. It incorporates realised income and capital return.

HPR is made up from three components:

•  Price (i.e. the difference between the price paid and the redemption value, or sale
value if sold before maturity);

•  Coupon income (including accrued interest);
•  Reinvestment income.

HPR= All cash flows arising from bond
Purchase price

                                                
25 This calculates the gross return.



45

Example 14

On a 7% semi-annual 30 year bond, priced at par, calculate HPR over a one year time
horizon under the following two scenarios:

(i) yields are stable; and
(ii) price falls to 90.

(i) If yields are stable, the bond will remain at par:

•  Price return = 100-100
•  Coupon return = 3.5+3.5
•  Reinvestment ret urn: a ssume one c oupon paid af ter si x months and one after a

year. Need to make an assumption about the six-month reinvestment rate in six
     months’ time. Say, no change i.e. yields remain at 7% (annualised) so a semi-
     annual rate will be 6.88%.

      = 0+7 + ( )( )
100

2/88.65.3  = 7.12% of par

(ii) Price falls to 90:

•  Price coupon = 90+100
•  Coupon return26 =3.5+3.5
•  Reinvestment retu rn: giv en th e en vironment o f fal ling p rices (rising yields),

reinvestment rates will be slightly higher that previous assumption: say 8%27.

Return:-

-10+7+  0.03- = 
100

0.14 3- = 
100

3.5(8/2) +  of par (to 2dp)

Although yields have risen (and therefore reinvestment income is greater), the shorter
the time period it is held, the more the price component will dominate.

Realised Compound Yield

Realised Compound Yield (RCY) is an annualised yield that differs from Redemption
Yield i n two w ays:  it c onsiders the act ual reinvestment rates of th e coupon;  and
                                                
26 For the coupon return we have not included any accrued interest as we have assumed for simplicity that the bond is
sold after exactly one year.
27 This could, of course, be calculated more accurately using a price/yield formulae.
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considers the actual sale price of  the bond, if sold prior to maturity.   This is also an
ex post measure.

The link between RCY and HPR is given by the formula:

(1+RCY) t =HPR

where t = holding period in years
           RCY is the annualised version of HPR

If a bond is bought at par, and the yield curve is flat throughout its life, then Realised
Compound Yield will be equal to the Redemption Yield.

5.5  Risk

Risk in government bond markets is primarily interest rate risk.   I n order to contain
this risk, f und m anagers of ten try  to m atch th e duration of t heir a ssets w ith t he
duration of their liabilities.   They may switch assets (to change sectors, to pick up on
convexity etc.) but, if they want to keep interest rate risk the same, they will ensure
that the duration of the portfolio is unaltered.  O f course, there are m any other ris ks
that an investor will take into account when buying a bon d; in particular credit risk,
liquidity risk and ‘event’ risk.

The fact that each investor has a different view of risk helps create a liquid market as
there should be a sufficient number of buy ers a nd se llers to enable the m arket to
establish a clearing price.

6   Summary

The  handbook does not attempt to cover all the mathematics needed in order to have
a comprehensive understanding of a bond trading or investment strategy .  However,
it helps the reader to understand the basic concepts behind any investment and how
price, yield and risk are  related. The reading list will allow the reader to go into more
depth.

*              *             *             *
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Appendix 1:  Comparing bond market and money market yields

Valuing a one-year security using bond conventions and money market conventions,
the following formulae are used:-

P= t/365)(1
c
r+

 Bond market convention

P=
)

365
x tr (1

c

+
 Money  market convention

Where P = price
 c = cash flow
 r = rate of return/discount rate
 t = time (days)
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Table 1: 10% inflation

Inflation 10.0%
Index-linked coupon 4.0%
Nominal interest rate 14.4% = 1.1 * 1.04
Inflation risk premium 0.0%

Nominal flows

Fixed coupon CPI indexed securities with principal uplift repaid
(a) at end (b) each period

Period   0 -100 -100 -100
1 14.4 4.4 14.4
2 14.4 4.8 14.4
3 14.4 5.3 14.4
4 14.4 5.9 14.4
5 14.4 6.4 14.4
6 14.4 7.1 14.4
7 14.4 7.8 14.4
8 14.4 8.6 14.4
9 14.4 9.4 14.4

10 114.4 269.7 114.4

Total 144 .0 229.5 144.0

 Net Present Value Flows discounted at 14.4% pa

Fixed coupon CPI indexed securities with principal uplift repaid
(a) at end (b) each period

Period   0 -100 -100 -100.0
1 12.6 3.8 12.6
2 11.0 3.7 11.0
3 9.6 3.6 9.6
4 8.4 3.4 8.4
5 7.3 3.3 7.3
6 6.4 3.2 6.4
7 5.6 3.0 5.6
8 4.9 2.9 4.9
9 4.3 2.8 4.3

10 29.8 70.3 29.8

Total 0.0 0.0 0.0

If inflation follows the expected path, and the risk premium was zero when the securities were 
issued, all three types of security will eventually cost the borrower the same amount (in net 

present value terms).

Appendix 2:  Examples
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Table 2: 50% inflation, no uncertainty premium

Inflation 50.0%
Index-linked coupon 4.0%
Nominal interest rate 56.0% = 1.500 * 1.040
Inflation risk premium 0.0%

Nominal flows

Fixed coupon CPI indexed securities with principal uplift repaid
(a) at end (b) each period

Period  0 -100 -100 -100
1 56.0 6.0 56.0
2 56.0 9.0 56.0
3 56.0 13.5 56.0
4 56.0 20.3 56.0
5 56.0 30.4 56.0
6 56.0 45.6 56.0
7 56.0 68.3 56.0
8 56.0 102.5 56.0
9 56.0 153.8 56.0

10 156.0 5997.2 156.0

Total 560.0 6346.5 560.0

 Net Present Value Flows discounted at 56.0% pa

Fixed coupon CPI indexed securities with principal uplift repaid
(a) at end (b) each period

Period  0 -100 -100 -100.0
1 35.9 3.8 35.9
2 23.0 3.7 23.0
3 14.8 3.6 14.8
4 9.5 3.4 9.5
5 6.1 3.3 6.1
6 3.9 3.2 3.9
7 2.5 3.0 2.5
8 1.6 2.9 1.6
9 1.0 2.8 1.0

10 1.8 70.3 1.8

Total 0.0 0.0 0.0

Despite the high inflation rate, the expected real cost of all types of security remains the 
same because there is no risk premium.
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 Table 3: 50% inflation, uncertainty premium

Inflation 50.0%
Index-linked coupon 4.0%
Inflation risk premium 4.0%
Nominal interest rate 62.3% = 1.500 * 1.04 * 1.04

Nominal flows

Fixed coupon CPI indexed securities with principal uplift repaid
(a) at end (b) each period

Period 0 -100 -100 -100
1 62.3 6.0 56.0
2 62.3 9.0 56.0
3 62.3 13.5 56.0
4 62.3 20.3 56.0
5 62.3 30.4 56.0
6 62.3 45.6 56.0
7 62.3 68.3 56.0
8 62.3 102.5 56.0
9 62.3 153.8 56.0

10 162.3 5997.2 156.0

Total 623.0 6346.5 560.0

Net Present Value Flows discounted at 62.3% pa

Fixed coupon CPI indexed securities with principal uplift repaid
(a) at end (b) each period

Period 0 -100 -100 -100.0
1 38.4 3.7 34.5
2 23.7 3.4 21.3
3 14.6 3.2 13.1
4 9.0 2.9 8.1
5 5.5 2.7 5.0
6 3.4 2.5 3.1
7 2.1 2.3 1.9
8 1.3 2.1 1.2
9 0.8 2.0 0.7

10 1.3 47.3 1.2

Total 0.0 -27.9 -10.0

With a high risk premium, indexed debt will be much cheaper to the borrower if inflation 
follows the expected path.
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Appendix 3: Glossary of Terms

Accrued interest:  The amount of interest that has accrued on a bond between coupon
payments.   Interest will usually accrue on a daily basis.

Annual rate:  A rate of interest that is paid on an annual basis.

Annualised rate:  A rate o f interest that is expressed in annualised form (although the
actual payments may be paid more or le ss fr equently).   Intere st ra tes are usually
quoted on an a nnualised basis in order that comparisons can be made between rates
of interest paid for different periods.

Basis Point:  One hundredth of one percentage point on a yield ie 0.01%

Benchmark Bond:  A  bond issued in a p articular maturity (eg 5,  10 or 20 years etc)
and which is built up to produce a large liquid stock.

Bond:  Debt  is sued (by co rporates or go vernments) that pays a sp ecific amount on
redemption and, usually, an amount at regular periods through its life.

Callable bond:  A bo nd that can  be red eemed ah ead of it s maturity, u sually at  t he
decision of the issuer.

Clean price:  The price of a bond, excluding accrued interest.

Convexity:  The curvature of the price/yield relationship.

Coupon:  The amount (%) of the nominal value of a bond that is paid to the holder at
regular periods (usually annually or semi-annually) throughout the life of a bond.

Dirty price (or full price):  The price of a bond including accrued interest.

Discount fu nction:  T he amount by which a future cash val ue is multiplied by , in
order to ascertain the current price.

Discount rate:  The rate of discount used in the discount function.

Dispersion:  A measure of how spread out are the cash flows received from a bond.

Duration:  See Macauley duration/Modified duration.

Fisher identity:  A n id entity deri ved by  Irving Fisher that estimates inf lation
expectations by comparing nominal and real interest rates.   There are several variants
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on this identity, depending on whe ther compound interest is used and whether risk
premia terms are included.

Floater:  A  ‘ floating rat e’ bo nd i e a bond which has a coupon (and po ssibly a
redemption payment) linked to a short-term market rate.

Holding period:  Th e time fo r which a bond is  held.LIBOR/LIBID:  L ondon In ter-
Bank O ffer Ra te/London In ter-Bank B id Ra te.   T he ra te a t w hich banks will
lend/borrow money in the London inter-bank market.   LIBOR is quoted for a number
of different periods and can vary from bank to bank.   Other centres will have similar
rates eg FIBOR (Frankfurt Inter-Bank Offer Rate).

Liquidity:  A measure of the ease of buying/selling in the secondary market without
moving the price.   It is primarily affected by the s ize of the stock in issue and any
impediments to trading (eg settlement, legal or other).

Macauley Duration:  The tim e at whic h 50% of a bond’s cash flows, in ne t present
value terms, have been returned.   Fir st discussed by Frederick Macauley in 1938, it
is often referred to as the weighted average of the present values of the cash flows.

Modified Duration:  Der ived fr om Macauley  duration, M odified dura tion is a
measure of the price sensitivity of a bond with respect to changes in yield.

Net present value:  Today’s value of a future cash flow.

Nominal :  The absolute amount of cash paid on a bond.   Not adjusted for inflation or
any other event.

Perpetual:  A bond with no set redemption date.

Price Value of a Ba sis P oint (PVOI):  The am ount ( in a bsolute terms and not
percentage terms) that the price of a bond will move for each basis point change in
yield.

Principal:  The principal payment on a bond is the amount paid at redemption.

Return:  T he am ount o f m oney made on a bond ( often re ferred t o i n percentage
terms).

Risk:  Risk in bond markets usually refers to interest rate risk.   Other types of risk
include, inter alia  liquidity risk, credit risk, event risk.

Semi-annual rate:  A rate of interest paid on a twice-yearly basis.
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Spot rate:  The yield on a zero coupon bond.

Strip:  Used as an acronym in the US m arket ‘Separately Traded Registered Interest
and Principal’.   St ripping refers  to  the act  o f decomposing a coupon-bearing bond
into its individual cash flows which can then be separately held or traded.   A strip is
one of these decomposed cash flows.

Withholding tax:  An amount of tax deducted at source.

Yield:  A measure of the return on a bond.

Yield curve:  A graphical depiction of the relationship between the yield and maturity
of an otherwise homogeneous group of bonds.

Yield curve theories:  Theories which attempt to explain the shape of the yield curve.

Zero coupon bond:  A bond with no coupons, but only one payment at maturity.

Zero coupon rate:  The yield on a zero coupon bond.
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Further reading:

Brown, Patrick, J
Bond Markets: Structures and Yield Calculations
Gilmour Drummond Publishing in association with ISMA, 1998.
ISBN: 1901912027

Douglas, Livingston, G
Bond Risk Analysis: A Guide to Duration and Convexity
New York Institute of Finance, 1990.
ISBN: 0132210371

Bruce Tuckman
Fixed Income Securities:  Tools for Today’s Markets
John Wiley & Sons, 1995.
ISBN: 0471112143

Nicola Anderson, Francis Breedon, Mark Deacon, Andrew Derry and Gareth Murphy
Estimating and Interpreting the Yield Curve
John Wiley & Sons, 1996.
ISBN:  0471962074

Marcia Stigum, Franklin L Robinson (contributor)
Money Market and Bond Calculations
Irwin Professional Publications, 1996
ISBN:  1556234767

Kenneth D Garbade (Editor)
Fixed Income Analytics
MIT Press, 1996
ISBN:  0262071762

Patrick Phillips
The Merrill Lynch Guide to the Gilt-Edged and Sterling Bond Markets
The Book Guild Ltd., 1996.
ISBN: 1857760700

Frank J Fabozzi (Editor)
The Handbook of Fixed Income Securities 5th ed
Irwin Professional Publishing, 1997
ISBN: 0786310952
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Mark Deacon and Andrew Derry
Inflation-indexed Securities
Prentice Hall Europe, 1998.
ISBN: 0138895694

Yield Curve Analysis:  The Fundamentals of Risk and Return
Douglas, Livingston, G
New York Institute of Finance, 1998
ISBN:  0139724567

John C Hull
Options, Futures and Other Derivatives 4th ed
Prentice Hall International, 1999
ISBN: 0130224448

Frank J Fabozzi
Bond Markets, Analysis and Strategies 4th ed
Published by Prentice Hall International, 1999.
ISBN: 0130859133

The Official Gilt Strips Facility: a paper by the Bank of England: October 1997.

United Kingdom Debt Management O ffice: Form ulae f or Ca lculating G ilt P rices
from Yields:  June 1998.

United K ingdom D ebt Man agement O ffice:  T he D MO’s y ield c urve m odel July
2000

Websites

Bank of England:                                                       www.bankofengland.co.uk

United Kingdom Debt Management Office:             www.dmo.gov.uk

US Treasury:                                                              www.ustreas.gov



56

Handbooks in this series

The CCBS has continued to add new title s to this series, initiated in 1996. The first
14 are available in Russian, and the first eleven in Spanish.

1 Introduction to monetary policy
2 The choice of exchange rate regime
3 Economic an alysis in  a cent ral bank: models versus

judgement
4 Internal audit in a central bank
5 The management of government debt
6 Primary dealers in government securities markets
7 Basic principles of banking supervision
8 Payment systems
9 Deposit insurance
10 Introduction to monetary operations
11 Government securities: primary issuance
12 Causes and management of banking crises
13 The retail market for government debt
14 Capital flows
15 Consolidated supervision
16 Repo
17 Financial Derivatives
18 The Issue of Banknotes
19 Reserves Management

Handbooks: Lecture series

As fi nancial markets have become increa singly complex, central b ankers' demands
for specialised technical assistance and training has risen.  This ha s been reflected in
the content of lectures and presentations given by CCBS and Ba nk staff on technical
assistance and training courses.  In 1 999 we introduced a new series of Handbooks:
Lecture Series.  The aim of this new s eries is to give wider exposure to lectures and
presentations that a ddress topical and te chnically adva nced issues of re levance to
central banks. The following are available:

1 Inflation Targeting: The British Experience
2 Financial Data needs for Macroprudential Surveillance -

What are the key indicators of risks to domestic Financial Stability?

All CCBS Handbooks can be downloaded from our website
www.bankofengland.co.uk/ccbshand.htm
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BOOKS

The CCBS also aims to publish the output from its Research Workshop projects and
other res earch.  Th e fol lowing is  a li st of bo oks pu blished o r co mmissioned b y
CCBS:-

Lavan Mahadeva and Gabriel Sterne (eds) (October 2000):  Monetary Frameworks in
a Global Context, Ro utledge.  (This  bo ok includes the repo rt of the 19 99 Cent ral
Bank G overnors sy mposium and a col lection o f pa pers o n m onetary fram eworks
issues presented at a CCBS Academic Workshop).

Liisa Halme, Christian Hawkesby, Juliette Healey, Indrek Saapar and Farouk Soussa
(May 2000):  Financial Stability and Central Banks:  Selected Issues for Financial
Safety Nets and Market Discipline, Cent re for Cen tral Bank ing St udies, Ban k o f
England*.

E. Ph ilip Davi s, Ro bert Hamilton, Rob ert Heath , Fio na Mack ie and Aditya Narain
(June 1999):  Financial Market Data for International Financial Stability, Centre for
Central Banking Studies, Bank of England*.

Maxwell Fry, Isaack Kilato, Sandra Roger, Krzysztof Senderowicz, David Sheppard,
Francisio Solis  and John Trundle (1999):  Payment Systems in Global Perspective,
Routledge.

Charles Goodhart, Philipp H artmann, D avid L lewellyn, L iliana Roj as-Suárez an d
Steven W eisbrod (1 998): Financial Regulation; Why, how and where now?
Routledge.

Maxwell Fry, (1997):  Emancipating the Banking System and Developing Markets for
Government Debt, Routledge.

Maxwell Fry, Charles Goodhart and  Alv aro Al meida (199 6):  Central Banking in
Developing Countries; Objectives, Activities and Independence, Routledge.

Forrest Capie, Charles Goodhart, Stanley Fischer and Norbert Schnadt  (1994):  The
Future of Central Banking; The Tercentenary Symposium of the Bank of England,
Cambridge University Press.

*These are free publications wh ich are po sted on  our web site and can be
downloaded.


