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Abstract 

Bonds wi th payments l inked to the Reta il Price Index were fi rst issued 

in the Uni ted Kingdom in 1 98 1  a nd now account  for a signi fica nt  

proport ion of  the total UK government bond ma rket .  Thi s  paper 

discusses various methods by which prices of these indexed bonds can 

be compa red wi th  prices o f  conven t ional  bonds to i n fer m a rket 

expectations of future inflation, and in particular outlines the approach 

currently used to produce the inflation term structure published in the 

Bank of England's Inflation Report. There are a number of estimation 

d i fficu l ties - both theoretical and practical - in deriving such term 

structures and therefore a nu mber of cavea ts tha t should be borne in 

mind when interpreting such measures of expectations. 
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1 Introduction 

There are severa l reasons why knowledge of inflation expectations is  

u sefu l .  By comparing market expecta t ions  of i n fl a tion  with the 

government's inflation targets, i t  is possible to gauge financial markets' 

perceptions of the credibi l i ty of monetary policy.m Also,  as market 

expectations of infla tion encapsulate the markets' forecast of inflation 

they should contain information which can contribute to an individual 

i nstitution's infla tion forecasts. If business investment d ecisions are 

determined by prospective real returns, and we wish to forecast  this 

investment, an estimate of infla tion expecta tions i s  required . Final ly, 

knowledge of the market's inflation expectations can assist decisions on 

whether to issue indexed or conventional debt.Q) 

Traditiona lly, information on infla tion expectations has been obta ined 

by ei ther su rvey or theory-based met hod s .  However, these have 

shown themsel ves to be fa irly u nrel iable - possibly because survey 

respondents have no incentive to answer accurately .  More recently, 

efforts have been made to extract expecta tions from asset prices. For 

example, between 1 985 and 1 987 the New York Coffee, Sugar and  

Cocoa Exchange traded a futures con tract on  the US CPI-W(3) price 

index [see Petzel and Fabozzi  ( 1 988)]. Using the pri ces of  these 

contracts,  it was stra ightforward to obta i n  est ima tes of i n fl a t i o n  

expectations. No such con tracts o n  the UK Retail  Price I ndex ( RPl ) 

have ever been traded, so some alternati ve means of deriving infla tion 

(I) Svensson (1993) discusses this in detail, 

(2) One of the reasons given for the recent issue of the first ever Swedish indexed bond was 
that the Riksbank believed that market inflation ex pectations were above the likely 
oullurn for inflation, making in dex ed bonds a cheaper source of funds than 
conventionals. 

(3) CPI-W is the Consumer Price index for urban wage earners and clerical workers. 
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expectations from the prices of financial assets must be considered for 

the Uni ted Kingdom. 

I f  a financial market trades both indexed and non-indexed securi ties i t  

is  possi ble, subject to so me assumptions abo u t  ri sk and l iq u i d i ty 

premia, to derive estimates of inflat ion expectations from the prices of 

these i nstruments.  In  the United Kingdom, index-linked gi l ts, wi th  

cash flows l inked to the RPI , were introduced in  the  1 981  Budget and 

s u ch stocks n o w  comprise 1 5 % of the market. Thi s  h a s  mad e i t  

worthwhile to develop techniques to extract this information from UK 

Government bond prices. The principal aim of this paper is to review 

and cri tically assess several such techniques. 

The paper is orga nised as fol lows. Section 2 briefly considers the 

s u r ve y  a n d  t h eo r y -ba sed a p proa c h e s  for o b t a i n i ng i n f l a t i o n  

expecta tions. I n  Section 3 we introd uce the concept o f  index-l inked 

bonds and explain in detai l  how the indexation works in  the UK gi lls 

market . In the next section, two simple techniques frequently used by 

the ma rket to assess infla tion expecta tions are exami ned . The first, 

which we cal l the simple measure, is effectively "a back of the envelope" 

ca lcu la tion; the second, the so-called break-even inflation rate, is a more 

sophistica ted adaptation of this  calculation which involves an itera tive 

procedu re. Section 5 briefly sets out our preferred method, in the form 

of  the infla tion term structure. This uses an approach based on that of 

the break-even inflation rate but  models both the nominal and the real 

in terest ra te term structures in thei r entirety ra ther than examining 

pa i rs of bonds of  compara ble maturi ty, and thereby genera tes a 

comple te  term s t r u c t u re of  i n fla t i o n  expecta t ions .  Some of the  

compl ications that arise when attempting to estimate and interpret the 

inflation term structure are d iscussed in Section 6. Section 7 reports the 

results of an even t study using this measure of i nflat ion expecta tions, 

i l lustrating how market expecta tions were revised following sterl ing's 

wi thdra wal from the Exchange Rate Mechanism in September 1992. In  

Section 8 we provide a summary of  the work so far. 
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2 Sur v e y  a n d  t h e ory-ba s e d  meth o d s  fo r o bta i n i ng 
inflation expectations 

2.1 Survey methods 

There is a large literature on the quality a nd properties of measures of 

inflation expectations obtained from surveys. One of the best known of 

such surveys is  the Livingston survey conducted in the United States, 

which  record s i n fl a t i o n  e xpecta t i o n s  ( i e  i nf la t i o n  forec a s t s )  o f  

economists  from a ra nge of  fi nancia l  i nst i tu tions.  Figlewski a n d  

Wachtel ( 1 981 ) report that the Livingston survey data d o  not conform 

to the ra tional  expectat ions hypothesis. Pearce ( 1 987 )  examines a 

di fferent source of US expectations data, the surveys of money market 

participants conducted by M oney Market Services ( M  M S): these poll  

securities dealers for their predictions of changes in economic variables 

to be announced in the nea r future including the CPI.  The concl usion 

drawn by Pearce is that there is no evidence from the M MS data that 

expectations are not rational, and suggests that the data could be u sed 

to represent  m a rket  expec t a t i o n s  o f  i n f l a t i o n  a n n o u n ce m en t s .  

However, i n  add ition to Figlewski and Wachtel (op cit )  a number of 

other investigators have found that expectation measures from surveys 

are not rational (Evans and Gulamani 1 984; Pesaran 1 985).(4) A lthough 

results of this na ture have led some researchers such as Mishkin ( 1 983) 

to question the usefu lness of survey data,  even irrational expectations 

may be of interest if they affec t the transmission of monetary policy 

into the real economy. 

Part of the literature on surveys is concerned with techniques that can 

be u sed to  q u a n t i fy survey d a t a  of  a q u a l i ta ti ve n a t u re .  I n  the 

United Kingdom, Carlson and Parkin ( 1 975) used the monthly Gallup 

Pol l  q u a l i ta t ive survey resu l t s  on the expected d i rec t ion of price 

( inflation ) changes to construct a quanti tative measure of the genera l 

(4) In fact, empirical tests on survey data can only ever test the joint hypothesis of 
irrationality and /or a constrained information set. 
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publ ic' s  expecta t ions  of  pri ce change.  The s tudy by Pesa ra n and 

Wright (1 991 ) suggests several procedures for improving the usefulness 

o f  the i n forma tion on i n d u str ia l i sts' pric ing i n tent ions ( to gauge 

ex pected increases in indu stria l  prices) provided by the U K  C B I(S) 

Industrial Trends Survey. 

I n  addition to the rationality issue, there are several drawbacks to using 

data from surveys. For instance, surveys often take time to compile; so 

t h e y  m a y  n o t  g i v e  a c c u ra t e  e s t i ma tes  o f  c u rre n t  i n fla t i o n a ry 

expecta tions. There is  a lso a widely held view that, since respondents 

to surveys have no incen tive to provide correct information,  their 

responses may not be consistent wi th their normal " market" behaviour

w here accu ra te a ssessmen ts  o f  fu t u re i n fl a ti o n  could m a ke the 

d i fference between a profi t  a nd a loss. Furthermore, su rveys wi l l  

genera l l y  wei ght responses eq ua l ly  ra ther than weigh ting by the 

rela t ive importance o f  the respondent  in  the gi ven market .  Lastly, 

survey-based methods typical ly  only gi ve short-run expecta tions, as 

surveys are primarily concerned with the short-term outlook. 

2.2 Theory-based methods 

Alternatively, a theoretical model which makes some assumption about 

the expecta tions forming process ca n be u sed to prod uce infla tion 

expectations. However, competing models can only be tested i f  we 

have an independ ent measure of inflation expectations. Thi s means 

that i t  is not  possible to use a theoretical approach wi thout some other 

source of inflation expectations data .  Figlewski and Wachtel (op dt), for 

i n s t a n ce ,  t e s t  mod e l s  wi th ra t i o n a l ,  a d a p t i ve a n d  regre s si ve  

expectations processes usi ng the Livingston survey data .  

(5) The cm is the Confederation of British Industry. 
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3 Index-linked gilts and future inflation 

United Kingdom Index-l inked gilts are designed to give the investor a 

known real return independent of the infla tion rate: both the coupon 

payments and the redemption payment are adjusted to keep pace with 

RPI inflation, thus preserving the real value of both income and capi ta l .  

However, index-l inked gills ( lGs)  do not offer complete real va lue  

certai n ty, since there is a n  eight month lag i n  the  i ndexa tion . The 

reason for this lag is  the method employed in the United Kingdom to 

calculate accrued interest on gil ts. For this calculation, the size of each 

d ividend must be known six months before the payment is due; as this 

i s  l i nked to the R P I ,  a l a g  of a t  leas t  s ix  mon t h s  m u s t  be u sed . 

However, even a si x month lag is  i mpractical since the RPI figures 

themselves are only a vai lable with a l ag, the figure for a particular  

month typical ly bei ng avai lable only in the second week of the next 

month. A further month's lag is allowed because coupon payments on 

different stocks are made at  di fferent times of the month. The overal l  

effect of  the indexa tion lag i s  to lead to imperfect inflation protection: 

once each payment is transla ted into a known nominal a mount u sing 

the latest RPI, the investor wi l l  gain in real terms if infla tion fal ls  o ver 

the eight month period and lose if it rises.(6) 

One consequence of the eight month lag is that, when compu ting the 

rea l redemption yield (or in ternal ra te of return )  on an index-li nked 

gil t ,  some assumption must be made abou t fu ture inflation in order to 

d i sco u n t  the  c a s h  fl o w s .  T h i s  is i l l u s t r a ted by the  p r ice / yi e l d  

relationship, a simplified(7) version of which i s  shown below. 

(6) For basic infonnation on how IGs work, including the eight-month lag, readers should 
refer to the Bank of England's recent publication "British Government Securities: 
The Market in Gilt-Edged Securities ", in particular Chapter 3. 

(7) The key simplification here being the "assumption" of a six-month (or 1 period) 
indexation lag, rather than the eight months present in practice. 

9 



For an n-period bond: 

n-l 
(1+i)C (1+i) (1+i )C (1+i) (1+i ) (R + C) 

Price + a + � . . . . . . + a 
2 2 n n (1+i ) (1+r) (1+i ) (l+r) (1+1 ) ( l+r) 

a a a 

where: C = net cou pon = gross coupon x O-t) ,  where t i s  the 

income tax rate(8) 

R = redemption payment 

r net real yield 

known RPI  in f la t ion u sed to set the next  coupon 

payment 

ia assumed average future inflation rate over the l i fe of 

the bond 

A fter simplification this reduces to: 

(1+i) C (1+i)C (1+i) (R + C) 
Price + + ....... + 

2 n 
(1+i) (1+r) (1+i) (l+r) (1+i) (1+r) 

clearly demonstra ting the need to provide some assumption about  

future inflation. (9) This factor i s  important when estimating a real yield 

c u r v e  ( fo r  a more d etai led expl a n a t i o n  o f  t h i s  re l a t i o n sh i p, see 

Section 5). Figure 3.1 i l lustrates the rela tionship between the assumed 

(8) In the United Kingdom, the traders in gills are taxed on trading profits (a combination 
of capital gain and income) with relief on the associated expenses. Ordinary domestic 
investors · although exempt from capital gains tax· are liable to income tax on the 
dividends they receive. 

(9) When publishing yields on index-linked bonds the current market convention is to 
assume 3% or 5% average inflation over the remainder of the bond's life. Although we 
could just assume that the average future inflation rate equals today's inflation figure, 
this is likely to lead to unrealistic yield estimates if current inflation is either high or 
low relative to the average. 
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i nflation rate and the real yield on 2% Index-Linked Treasury 2 006, for 

a date in November 1 993. 

Figure J.l 
Sensitivity of real yields to the assumption 
of constant In nation 
2% Index Linked Treasury 2006 

L-� __ �-L� __ �-L __ L--L� __ �I 25 
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4 Simple measures of inflation expectations 

In this section we review two simple method s for deri ving i n fla tion 

expectations from gil t  prices. 

4.1 The "Simple" approach 

We refer to the simplest method used to derive inflation expectations as 

the "simple" approach. Here, average expected inflation is  calcula ted 

using the Fisher identity(10) as the straight d ifference of the real yield on 

an  index-l inked gilt (at some assumed average infla tion rate) from the 

nominal yield on a conventional gi l t  of similar (preferabl y i dentica l )  

maturi ty .  For example, by subtracting t he rea l yield on a five yea r 

(10) The Fisher identity states that the nominal yield on a bond can be decomposed into 
components of real yield and expected inflation. In its simplest form: y = r+i. 
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i ndex-linked stock from the nominal yield on a five year conventiona l  

thi s method gi ves an esti ma te of  a verage expected infla tion over the 

next five years. This measure is often misinterpreted as an expectation 

of i n fla tion in five yea rs' time, ra ther than the average ra te over the 

next  f ive yea rs.  Si nce the rea l y ie ld on a n  IG is depend ent on a n  

assumed average rate o f  inflation the inflation expectation produced by 

this method depends directly on the original inflation assumption; we 

are effect ively usi ng an i nfla tion expectation to estimate an i n flation 

expectation. For example, compare the real yield on 2% Index-Linked 

Treasury 1996 with the nominal yield on 10% Conversion 1996 for a 

recent date. The yield on the conventional was 5.465%, whi lst the real 

yield on the IG was 2.619% using a 3% inflation assumption and 2.208% 

using a 5% inflation assumption. Using the simple method the inflation 

expectations correspond i ng to the 3% and 5% infla tion assumptions 

were 2.846% and 3.257% respecti vel y. We refer to this  d iscrepancy 

between assu med and esti ma ted inf lat ion rates as a lack of in te rnal 
consistency. 

4.2 Break-Even inflation rates 

The method o f  ca l cu l a t i n g "brea k-even"  i n f l a t i o n  ra tes i s  more 

soph i st ica ted,  and el i minates th is  problem o f  consi stency.  Aga i n ,  

a verage infla tion expectat ions are estimated by comparing the return 

on a conventional gilt with that on an index-linked stock of s imilar 

maturi ty, but this t ime by application of  the compound form of the 

Fisher identity. This si mply decomposes the nominal rate of return on 

a bond into components of  rea l  yield and i nfla tion, u sing the u sua l  

rulxes of  compound interest:(1 1 )  

(1 t 1::) 
, 

1 
L 

(1 + i) (1 . £) 

(11) For the UK market lhe convention is to use semi-annual compounding. since coupon 
payments on gihs are (in general) made semi-annually. 
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where y is the nominal yield, r is the rea l yield and i is the inflation rate. 

I m p l i c i t  i n  the  brea k-even met hod o l ogy i s  the assu mpt ion  tha t  

investors are risk-neutral (ie that they wil l  require no  ( inflation) risk 

premium for holding ei ther index-linked or conventional gilts). (12) This 

implies that in a no-arbi trage equilibrium a conventional and an index

linked stock will have the same expected nominal rate of return. This 

equality of the nominal rates allows us to use the nominal yield on the 

conventional bond in place of the nominal yield on the i ndex-linked 

bond . We a re then left  w i t h  t wo rel a t io nships - the  pri ce/yield 

equation for an index-linked gilt  and the Fisher identity, to solve for the 

expected inflation rate and the real yield . In addition, as the price of a 

gilt is  a function of the investor's marginal income tax rate, an estimate 

for this must be provided exogenously. I t  is then straightforward to 

solve the equations by the u se of an i terat ive proced u re.  Figure 4. 1 

shows how the break-even infla tion ra te ( for 0% income tax) derived 

from maturi ty ma tching 2.5% Index-Linked Treasury 2003(13) has varied 

over the last year. 

(12) Any Liquidity effects that might be present are also ignored. 

( 1 3) In this particular eumple the conventional selected was 1 0% Treasury 2003 for the 
first half of the period and 8% Treasury 2003 for the second half. 
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Figure 4.1 
Break-Even Inflation Rates 
(Maturity Matched) Per cent 
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Arak & Kreicher ( 1 985) adopt essential ly the same methodology, but as 

a simplifi cation they estimate and u se a l inear approximation to the 

p r i ce/y i e ld eq u at i o n .  A l l  t he i r  a n a l y si s i s  ba sed o n  the 1 9 96 

index-l inked bond and assumes 0% tax. Although a risk premium of 

zero is assumed, they do consider the l ikely effect that a non-zero risk 

premium would have on their results. Unfortunately their results are 

distorted, since their calculations incorrectly assume that the base date 

for indexation of coupon and principal on IGs is the stock issue date, 

rather than eight months prior to the issue date. 

4.3 Duration-matched break-even inflation rates 

One variation of the break-even methodology involves matching the 

convent iona l  a nd i ndex-l i n ked stocks by dura tio n rather than  by 

maturity. Duration provides a means of normalising for the di fferent 

risk characteristics of high and low coupon bonds. It is defined to be 

the weighted average maturity of  a bond ' s  cash f lows, where the 
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weights are the present values of each of the payments as a proportion 

of  the tota l present value of all cash flows. Algebra ically, (Macaulay) 

duration i s  defined by: 

Duration (years) 

where: t. • 
= 

CF-• 
= 

r.PVCF x t 
i i 

r.PVCF 
i i 

i 

time to the ith cash flow in years 

ith cash flow 

(1) 

y = gross redemption yield (expressed as a decimal) 

PVCFj = present value of the ith cash flow, mathematically: 

CF 
i 

t 

(1 + y) 

From M acau lay duration it is stra ightforward to calculate the more 

widely used modified duratio n.(14) 

Modified Du rati o n  = Duration 

( l+y) 

M odi fied duration can be u sed a s  a measure of  the sen sitivity of  a 

bond's price to changes in yield. The mathematical relationship is:(1S) 

( 1 4) This division simp ly adjusts Macaulay's duration for the non-continuous 
compounding of interest (see Douglas page 60). 

( 1 5) See Appendix A for the derivation of this equation. 
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Percentage change 

in the bond price = - 100 x modified duration x change in the yield 

For e x a m ple ,  a bo nd with  a mod i f ied d u rat ion  of  1 0  yea rs  w i J l  

experience a 5 %  rise i n  price i f  there i s  a fal l  i n  yields (interest rates)06) 

of 50 basis points: 

Percentage change 

in the bond price = -100 x 10 x (-0.50/100) = 5 

There are two important points to be noted from this formula. First, 

modified duration acts as a multiplier: the larger the modified duration, 

the grea ter the price impact for a given change i n  interest ra tes. I n  

addit ion, for a bond o f  a given duration, large shi fts i n  yield lead t o  a 

large percentage change in price.(7) 

Given that duration measures a bond's price responsiveness to changes 

in nominal interest rates, and hence changes in expected inflation and 

the real interest rate, it might seem more reasonable to expect that gilts 

of equa l  duration (rather than of equal  ma turity) wi l l  have the same 

expected rate of return .  The major drawback to duration matching is  

that the two bonds selected can be substantiaJly mis-matched in  terms 

of maturity, leading to di fficu lties when interpreting the results. For 

i n sta nce,  u s i ng data  fro m N o ve mber 1 993, 2 . 5 %  I ndex - L i n ked 

Treasury 2003 duration matches with 8.5% Treasury 2007, producing a 

matu rity difference of four yea rs. Shou ld the resu ltant break-even 

infJa tion rate be treated as the a verage expected infl ation rate over a 

ten year or a fourteen year horizon? 

( 1 6) This assumes paraDel shifts in the yield curve. 

(17) For a more delailed discussion of duralion refer lo eilher Be/chamber (1988) or 
Douglas (1990). 
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Figure 4.2 below il lus tra tes the break-even inflation rate series ( for 0% 

ta x )  obtained by d u ra tion ma tching 2.5% I n d ex- Linked Treas u ry 

2003.(8) I t  is interes ting to compare this chart with that obtained by 

maturi ty-matching the 2003 stock (Figure 4.1). 

Figure 4.2 
Break-Even Inflation Rates 
(Duration matched) 
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4.4 Complications with duration-matching 

In  calcu lating the duration of a bond, we need to compute the present 

va lue of its future cash flows. Clearly, for an index-linked gilt this will  

mean making some assumption abou t the fu ture inflation rate. Thus, 

when estimating break-even inflation rates by duration ma tching, the 

duration on the index-linked stock, as well as its real yield, will need to 

(18) In order to match bonds as precisely as possible, the conventional chosen to match 
2 1 (2% Index·Linked Treasury 2003 varied over the sample period - the switches are 
denoted by the vertical lines in Figure 4.2. Such switching may result in jumps in the 
break-even innation rate time series, as is clearly the case in this example. This gives 
an indication of how sensitive break-even inflation rates are to the characteristics (eg 
coupon, Liquidity elc) of the bonds being matched. 
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be re-evaluated for each iteration of the inflation rate. Figure 4.3 below 

shows h o w  responsive a n  i nd ex- l inked bond's  d urat ion i s  to the 

inflation assumption - in this  particular example, a 1 % point change in 

the i n flation assumption ind uces a change of about  0.05 years in the 

modi fied duration. Given this inelastic response, i t  is generally unlikely 

that  the process of i tera tion wi l l  resul t  in a swi tch of conventional 

selected for matching against the index-linked stock. 

Figure 4.3 
Sensitivity of modified duration to the 
assumption of constant Inflation 

_2% Index Linked Treasury 2006 - 11.0 

..&...-......I..----"-_.L..-....I....---'------''---...L.---'---'---L, 10.0 
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Auwned l1IfIalIon rate (% per annum) 

Bootle ( 1 99 1 ) expresses reservations about matchi ng conventional and 

index-linked gi lts by duration - a point that is re-iterated in Wood ward 

( 1 990). They argue that normalising for interest rate risk by duration 

ma t c h i n g  is " i l l -concei ved" i n  th i s  c o n text, s i nce i n vestors  i n  

conventionals face nominal interest rate risk (the risk of a change in real 

ra tes or inflation expecta tions) whilst IG investors are subject to rea l 

ra te risk - only a change in the underlying level of real yields affecting 

both types of stock in the same way. Duration matching should only be 
applied to instruments facing the same type of risk. 
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4.5 General problems with break-even inflation rates 

There are clearly several deficiencies with the break-even inflation rate 

methodology, whether matchi ng by matu ri ty or duration. Firs t, the 

assumption that gil ts carry no risk or liquidity premia is unlikely to be 
realistic; this is d iscussed in more detail in Section 6. Also, it will often 

only be possible to find pairs of  gi lts which match approximately by 

maturi ty, introducing inaccuracies into the calculated values for the 

real rate and the expected infla tion rate. More seriously, there may not 

even be an index-linked stock maturing at the relevant date. Another 

problem is that the marginal tax rate on holding gilts has to be supplied 

exogeno u sl y  i n  order to sol ve for the break-even inf la t ion  ra te -

consequently, the market convention is to produce break-even figures 

for tax rates of 0%, 25% and 40%.(19) The level of  a given break-even 

infla tion rate time series is very sens i t ive to the tax ass umption, as 

demonstra ted in Figure 4.4 .  Wi thout a clear view on the appropriate 

tax rate to apply, it would appear that l i ttle useful information can thus 

be ga ined from the level of a break-even ra te seri es .  Empirica l l y, 

however, i t  would seem tha t the changes in the series vary l i ttle with 

tax, ie there is a fairly stable differential between break-even time series 

of di fferent tax rates. 

( 1 9) For example, S G Warburg publish break-even inflalion rales daily, for lax rales of 
25% and 40%, and maturities of two, four and seven years. 
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Figure 4.4 
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The fact that a break-even inflat ion ra te is derived from only two gi l t  

prices means tha t i t  i s  pa rticularly vulnerable to dis tortions produced 

by the speci fic stocks selected. For instance, when ma tching stocks by 

maturity there may be two conventionals of roughly equal maturi ty but 

widely d i ffering coupons; the d i fference in the break-even rates that 

th is wou ld produ ce is  l i kely to be signi ficant ,  as demonstra ted by 

Figu re 4 .5 .  A lso, by concen trat ing on only two s tocks this approach 

ignores any infla tion informa tion contained in other bonds. 
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Figure 4.5 
Break-Even Inflation Rates 
(Stock sensitivity) 
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Given the limited number of conventional bonds at crucial points of  the 

yield  cu rve, es pecia l ly  in the medium and long sectors of the gil ts 

market, double-dated bonds can be used in break-even comparisons . 

Double-dated or cal lable gil ts have both a final ma turity date and an 

earlier date after which the authorities have the right to redeem the 

stock, provided that three months' notice is given . If the price of such a 

bond is above par (ie face va lue), it is usual ly assumed by the market 

that the au thori ties wi l l  call the bond at the earlies t opportunity since 

they would be able to refinance it by issuing another bond at par with a 

l o wer cou po n .  Consequent ly ,  the assu med maturi ty of  the bond 

changes as its price moves between being above and below par. When 

calculating break-even inflation rates, this may mean that the choice of 

conventional used in the matching process may change on a day to day 

basis, causing misleading volatility in  the corres ponding break-even 

ra te time series .  Also, since the price of a cal lable bond wil l  reflect a 

premium for the call option, it wil l  have a higher apparen t yield than 

an equivalent conventional bond . 
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By calculating a break-even inflation rate for each index-linked gil t, it is 

possible to  bu i l d  up a pi c ture of market expectations of a verage 

infla tion over di fferent ti me horizons ( see Figure 4.6). However, the 

index-linked market currently consists of only 13 stocks spread over a 

maturity range of 2 to 37 years so i t  i s  not very detailed .(20) The only 

way to back out a term structure of future inflation rates from these 

break-even rates would be to fit a smooth curve to them, and then u se 

this to estimate an impl ied forward rate curve. Derivation of future 

inflation rates in such a way u ses only the information contained in 

bond s u sed t o  crea te the break-even in fla t i on rates ,  t h u s  b o t h  

unnecessarily restricting the dataset u sed and leaving the resul ting 

es timates depend en t on any bond specif ic  features in the cho sen 

dataset. This  is l ikely to lead to a volatile forward rate curve in which 

we could place li ttle confidence. 

Figure 4.6 
Break-Even Innation Rates Per cent - 6 

- 2 

- 1 

F M A M J A S O N D 
1993 

(20) In fact, three index-linked stocks are beyond the maturity of the longest conventional, 
so we are restricted to only 10 break-even observations. 
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We concl u d e  that, a l though we can lea rn li t t le  abo u t  the level of  

infla tion expec ta tions from brea k-even i n fl a tion ra tes, they can be 

usefu l  as time-series to show how expectations have changed . I n  the 

next section, we look at  an approach which eliminates several of  the 

problems d iscussed above and enables us to derive i mplied forward 

inflation rates. 

5 The term structure o f  i m p l i e d  forward i n f l a t i o n  
ratesQn 

Because it is possible to estimate two interes t  rate term s truc tures (or 

yield curves) for the UK government bond market - a real yield curve 

for the i ndex-l inked sector of the market and a nominal  curve for 

c o n v e n t i o n a ls - w e  c a n  i n  e ffec t  cre a t e  pa i rs o f  h y p o t h e t i ca l  

conventional and i ndex-li nked bonds that a re ma tched perfec tly by 

ma turi ty,(22) for any ma tu ri ty that  we desire .(23) The break-even 

approach can then be applied to these pairs to give continuous curves 

f o r  bo t h  a v e ra ge a n d  ( m o r e i m p o r t a n t l y )  fo r w a rd i n f l a t i o n  

expectations. As most(24) bonds are used in the estima tion of the yield 

cu rves, this approach has the additional ad vantage of  using al most all 

(2 1) For convenience we refer to the implied forward inflation rate curve (both here and in 
the Inflation Report) as the inflation term structure (ITS). 

(22) This approach could Ix: adaptcd to duration match the bonds but this would be subject 
to the same caveats already discussed in the previous section. 

(23) It is. however. unwisc to extrapolate Ix:yond the maturity of the longest actual bond of 
either type. 

(24) Only irredeemables. tranches. convertibles (with outstanding conversion options). 
stocks with a small amount outstanding. and some low coupon stocks are currently 
excluded when estimating the yield curves. 
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the i n formation avai lable from the gi l t  market embod ying inflation 

expectations.(2S) I t  also ensures that the rates derived should be free of 

a ny stock-speci fic d istortions (as d iscussed in Section 4)  and can allow 

for tax effects. 

W ood w ard (1990) adopts  a s imi lar  a pproach to extract  i n fla t ion 

expectations. However, he generates a par yield curve for conventional 

bonds(26) rather than a spot(27) curve. As Schaefer (1981) points out, 

the error introduced when yields are used as proxies for spot rates can 

be significant in  the case of a sloping term structure. Woodward a lso 

does not attempt to estimate a real yield curve, but instead uses yields 

from the 14 observa ble index- l i n ked bonds.  Thi s then l i mi ts the 

i n fl a t i o n  term s tru c t u  re to a d i screte curve  as o p posed to the 

c o n t i n u o u s  term stru c t u re prod uced by our  met hod . One f i nal  

d i fference between the approaches i s  in  the trea tmen t of  taxat ion . 

Wood ward esti ma tes a single "effec t i ve" tax ra te for conven tional  

bonds separately from the nominal  yield cu rve - simpl i stic analysis 

suggest ing tha t the tax ra te is not a function of ma turi ty .  He a l so 

decides tha t th is  effecti ve tax ra te would also be appropriate for the 

index-linked bond s. Nei ther assumption is correct, as we shall see. 

5.1 The term structure of nomina l interest rates 

The choice of  yield cu rve model ca n have a sign i ficant  effect on the 

resu l ting infla tion term structure, so in developing the inflat ion term 

(25) Not only are we using more conventional bonds in our estimation but also all of the 
IGs: when computing break-even innation rates the three longest-dated IGs had to be 
excluded as there were no conventionals of suitable maturities to match against; 
however, when estimating the tenn structure of real interest rates these observations 
can be included. 

(26) Based on the Bradlcy-Crane yield curve model (McEnally 1983). 

(27) A t-period spot rate or zero-coupon yield represents the yield to maturity on 
a (hypothetical) t-period pure discount bond. The spot curve is the construct 
that econom ists are usually referring to when talking about the term structure 
of interest r ates. 
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s tructure we have tes ted versions based on three different yield cu rve 

a p proaches - the  c u rr e n t  Bank o f  E n g l an d  y i e l d  c u r ve m o d e l  

(Mastronikola 1 991 ), the McCu] ]och yield curve (McCu] ]och 1 975) and 

Schaefer's adapta tion of the McCu lloch approach (Schaefer 1 981 ). A 

detailed comparison of these three methodologies appears in Deacon 

and Derry ( 1 994). 

There a re t w o  fund a me n t a l  d i f ferences be t w een t h e  Bank and 

McCul10ch methodologies .  The first  is that whilst  McC ul10ch estimates 

a discount function by constraining the price of each bond to equal the 

sum of the d iscounted values of al l  cash flows on the bond, the Bank 

method es t ima tes a par yie ld curve by f i t ting a y ie ld  su rface to 

redemption yields on s tocks as a function of t ime to maturi ty and 

coupon. As there are s tandard mathematical relationships between the 

discount function, par yield curve, spot curve and implied forward rate 

curve it is possible to derive comparable (but not necessarily identica l )  

yield curves from the two approaches .  Both McCulloch ( 1 975) and the 

Bank approach use cubic spline functions in their estimation; however, 

in McCulloch it is the discount function tha t is speci fied by the s pl ine 

function, whereas in the Bank model it is the par yield curve. 

The second d i fference l ies i n  the trea tment o f  taxa tion o f  cou pon 

income. McCul loch ( 1 975) includes a single parameter for the effective 

tax rate; this prod uces a single tax rate for the whole yield curve.(28) 

The Bank method attempts to model investors' preferences by allowing 

the tax ra te to vary with ma turi ty and coupon. In contras t, Schaefer 

argues that a different yield curve should be produced for each tax rate 

faced by inves tors - the yield cu rve for a pa rticu lar  tax rate being 

estimated only from bonds which are "efficient" for investors subject to 

that tax rate [see Deacon and Derry (op cit)]. 

(28) The McCulloch approach coul d however be modified to allow for a more complicated 
tax treatment. 
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5.2 The term structure of real interest rates 

Us i ng i n d ex- l i n ked bond pri ces i t  is poss ible  to es t ima te a term 

structure of real interest ra tes .  The es timation of such a curve provides 

the 'real' cou nterpart to the nomi nal curves detai led i n  Deacon and 

Derry (op cit). In particular, i t  enables us to derive a real forward rate 

curve. I n  practice, however, there are two factors which complica te 

s uch estimation: there is the eight  month lag in  indexation, and there 

are far fewer index-l inked gil ts in issue. The first means that, without 

some measure of expected inflation, real bond yields and hence term 

s tructures derived from real yields are dependent to some degree upon 

the assumed rate of future infla tion. (29) The second problem is more 

practical :  there are currently only 13 index-linked bonds in issue and 

the Bank yield curve model ( for example) estimates twelve parameters. 

Using the Bank mod el as i t  s tands to es tima te a real yield curve from 

index-linked bonds would therefore give an exact fi t to observed yields 

and as such is impractical. 

Despi te these problems, both the McCulloch model and the Bank model 

can be amended to prod uce a real curve dependent upon an assumed 

rate of inf1ation. Schaefer's model is more difficul t  to apply since the 

lack of d a ta wi l l  in genera l severely reduce the number of efficient 

bonds, making precise es tima tion di fficu l t .  The dataset needs to be 

expanded to include al l  index-l inked bonds, in which case Schaefer's 

approach becomes equivalent to McCulloch's model. 

5.3 Simplifying the Bank's model 

A s impl i fied version of the Bank model perhaps represents the most 

s traightforward way of es timating a real yield curve. The Bank model 

is s tripped down to ignore all tax effects and instead just fits the yield 

to maturi ty structu re. In addition, the number of knot points defining 

(29) This dependence can be imponanl when calculating the yields on index-linked gills 
approaching maturity, but becomes less important the longer the maturity of the bond. 
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the cubic spline is red uced from si x to three (at  present),  reflecting the 

re l a t i ve lack of d a ta .  Cu rren t ly ,  therefore,  the s im p l i fied model 

esti mates three parameters (defining a spl ine consisting of two cubic 

functions) using 13 data points. 

The procedure is as follows: gross real redemption yields (assuming a 

fi xed ra te o f  i n fla ti o n )  a re ca lcu l a ted from the  ma rke t prices of  

i ndex- l inked bo n d s .  The i n i t i a l  v a l ue s  o f  t he t hree para meters 

representing the real yields  at  each of the knot points define an  ini tial 

estimate of the real yield curve. A non-linear technique is then u sed to 

estimate the values of the parameters that minimise the sum of squared 

residuals between the observed and fit ted real yields. This fi tted curve 

is  interpreted as the real par yield curve, from which the term structure 

of  real  in terest rates and the implied real  forward ra te curve can be 

calculated using the relationships detailed in Deacon and Derry (op cit). 

The mai n  d rawback wi th thi s  approach is the lack of parameters to 

account for taxation effects. Not only is i t  impractical to apply the full 

Bank model, but i t  may not even be appropria te given the di fference in 

natu re between the index-linked and conventional markets. Compared 

to the conventional market, the variation of coupons on index-l inked 

bonds  i s  no t  la rge and so ta x ru les are u n l i kely to a ffect prices of  

indexed bonds with the same maturi ty bu t d i fferent cou pons to  the 

extent observed in the conventional market .  However, indexed bonds 

wi th d i fferent ma turi ties may be attract ive to d i fferent categories of 

i n vestor.  Anecdota l  evidence sugges ts tha t  h igh ra te i ncome ta x 

payers, who are a ttracted to IGs because of the ad vantageous ratio of 

capital to income, prefer short-dated securities for reasons of l iquidity 

and reduced price volati l i ty.  In contrast, long-dated index-linked gil ts 

are fa vou red by pension funds, which are exempt from income ta x .  

Cu rren t ly, we i mpl ic i t ly  assume tha t  the ma rgi nal  i n vestor a t  a l l  

ma tur i ties i n  the IG ma rket faces a 0% i ncome t a x  rate a n d  s o  a ny 

distortions induced by th is  assumption are l i kely to be at  the short 

maturities. Research continues in this area . 
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5.4 Fitting a discount function to indexed bonds 

The method first proposed by M cC ulloch ( 1 971 ) can be adapted in a 

reasonably straightforward manner to produce a real yield curve. The 

t a x  trea tmen t s ugges ted i n  h i s  second paper ( 1 975) can  a l s o  be 

included, but for the reasons outlined above may not be appropriate for 

the index-linked market . However, even i f  this i s  indeed the case, 

estima tion of  such a parameter at least al lows to some extent for any 

cou pon effect that may exist in t he gi l t  market; so even i f  a prec ise 

meaning cannot be attached to the estimated parameter, i t  may be still 

be desirable to include it in the model. 

I t  can be shown (see Appendix B for a full  derivation) that when using 

M cCulloch's methodology to fi t a discount function using indexed 

bonds equation (20) in Deacon and Derry (op dt) need only be amended 

by a scal ing factor (Ai )  that is known for each gi lt once an assumption 

has been made about  fu tu re inflation expectations. So if 6 r(m) is the 

real d iscount function, defined by 

k 
6 (m) 1 + E a f (m) 

r j=1 j j 

where rim) is the ph basis fu nction, we estimate the coefficients aj from: 
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H ere Pi' Ci , m i  and R i a re the price, cou po n ,  ma t u ri t y  a nd rea l 

redemption payment of the ith indexed bond . Ai is the scaling factor on 

the ith bond, and depends on the ratio of the RPI defining each dividend 

to the gi l t 's  "ba se" RP}  level. I f  the RP}  sett ing a gi ven d i vidend is 

unknown then we must estimate i t  using the latest available RP} figure 

i n  conj u nction w i th some assumption abou t ... t the  pa th of fu t u re 

infla tion. 

As with the Bank model, the number of estimating functions is reduced 

to reflect the lower nu mber of d a ta poi n ts a va i l abl e for u se i n  the 

estimation. 
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5.5 The term structure of inflation expectations 

From term structure models for nominal and real spot interest rates we 

can construct res pective curves for nominal and real implied forward 

ra tes [see Deacon and Derry (op cit ) for a ful l  derivation ] .  The term 

structure of implied forward inflation rates can then be obtained from 

these using an interpretation of the Fisher relationship d iscussed in 
Section 4: 

1 
2 

( 1  + ..L.) - ( 1  + f )  ( 1  + !:) 
2 2 

(2 ) 

where y is the implied nominal forward rate, r the implied real forward 

rate and i the implied forward inflation rate. 

Like the term structure of real spot ra tes, the real impl ied forward rate 

curve wil l  depend on an i n flation assumption. In order to make this 

assumption cons istent wi th the i n fla tion term structure ( ITS) that we 

ca lcu l a te, a proced ure has been d eveloped which i tera tes on the 

assumed inflation rate. In  simple terms, for each i teration the real yield 

curve is re-estimated(30) until consistency between the assumed ITS and 

the estima ted ITS is achieved . Ini tially, rea l yields are calculated for all 

i ndex-l inked gil ts(3 1 )  assuming a fla t  (eg 5 % )  inflation rate. The real 

yield curve is then es ti mated, from which the real forward rate curve is 

obtained . By applying equation (2), the ini tial es timate of the inflation 

term s truc ture is prod uced . This forward i n flat ion cu rve is then 

converted into an average infla tion curve, using the equation : 

(30) Only the real yield curve is re-estimated as part of the iteration. not the nominal curve 
- which is estimated only once. 

(3 1 )  Index-linked gills with less than one year t o  maturity a re excluded from the ITS 
estimation. since as they approach maturity they effectively trade as conventionals. 
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where: 

i8 

k 

k 
n ( 1  + i f  ) 

j=l j 

- l / k  
- 1 

if; = forward inflation rate at  maturi ty i 
IS; = average inflation rate at maturity i 

From this average curve, inflation rates can be picked off for each of the 

index-linked gilts. The real yields on these stocks are then re-estimated 

from the bond price / yiel d rela tionship using these new i n fla t ion 

assumptions. Again the real forward curve i s  calculated a nd a new 

estimate of the ITS prod uced . This process is repeated unti l there is 

consistency between the ITS used to estima te the real yields and tha t 

produced by equation (2); typica lly this requires about 10 i tera tions. 

Figure 5 . 1  com pa res rea l yield cu rves for the Bank and M cCul loch 

methodologies for a recent date. In each case, real yields are evaluated 

us ing infl a t ion assu mptions deri ved from the respec t ive average 

infla tion curve. 
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Figure 5.1 
Real Spot Curve 
1 March 1994 
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Figu res 5. 2 and 5 . 3  i l l us trate i n fla t ion term s tructu res ie forward 

infla tion rates for the Bank, McCu lloch and Schaefer(32) approaches .  

Al though there i s  some di fference between the curves they are a l l  o f  

broadly the same shape. 

(32) As mentioned above, Schaefer's approach is only used to estimate the nominal curve. 
To generate the ITS this curve (assuming an income tax rate of 0%) is compared with 
a McCulloch real yield curve since Schaefer' s  approach cannot be applied to the IG 

market due to the lack of index-linked bonds. 
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Figure 5.2 
Inflation Term Structure 
1 March 1 994 
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Figure 5.3 
Inflation Term Structure 
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6 Estimation problems with the inflation term structure 

The fol lowing section examines some of the complications tha t arise in  

estimating the inflation term structure. 

6.1 Inflation iteration 

One of the main complexities in  deriv ing an inflation term structure 

from a given yield curve model is in ensuring internal cons istency, the 

necessi ty of which was discussed in Section 5. Figures 6.1 - 6.3 compare 

internally consis tent inflation term structures for several dates with the 

corresponding simple (ie non-iterated) term structures. 
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F.!&ure 6.1 
ITS: Iterative vs Simple approach 
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Clearly the most significant change brought about by iterating is in the 

s hort-to-medium term. For 7 May 1 993, the difference is as high as 47 

basis points .  The shapes of the term structures are largely una l tered, 

though the peaks have shi fted marginally. 
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6.2 Use of the compound form of the Fisher identity 

I t  is interesting to consider the magnitude of the di fference produced i f, 

ins tead of the compound Fisher identity [equation (2) from Section 5 ] ,  

the simpler form i=y-r is applied, where y is the nominal forward rate 

for a given maturi ty and r is the corresponding real forward rate. Tests 

show that the difference is only significant when nominal forward rates 

are high and real forward rates low. For example, an extreme scenario 

wi th nominal ra tes of 1 5% and rea l  forward rates of 1 % prod uces an  

inflation difference of  42  basis points, whereas a more realistic example 

wi th 7% nominal ra tes a nd 3% real ra tes produces only a two bas is 

point d ifference. 

6.3 Choice of curve fitting approach 

When deri v ing models for the term s truct u re of  nomina l  and rea l 

i n teres t rates, i t  is des i rable tha t these are smooth and con t inuous . 

Given the constraint that there are only a fini te number of observations 

( ie  bonds trading in the market)  from which to es tima te the models, 

some form of curve fi tting technique must be applied . For our research 

on infla tion expectations, i t  is particularly important that the forward 

rate cu rves are stable. Al lowing the yield curve to be too flexible can 

resul t  in "humps" in the corresponding forward ra te curve which may 

n o t  reflec t a ny u nderl y ing even ts in the ma rke t .  C u r ve fi t t i n g  

techniques are discussed in some depth by Deacon and Derry (op cit) .  

6.4 Asymptotically flat forward rate curves 

One of the economic priors tha t  i t  may be des irable to i mpose on a 

model of the inflation term structure is that i t  is flat  for long maturities . 

This ca n be achieved by res tric t ing both rea l and nominal  forward 

curves to be either parallel ( ie equal gradient) or flat  at long maturit ies. 
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W e  h a v e  a d o p ted the l a t ter  a pproa ch,  as  i t  seem s more rea lis tic 

( pa rticularly i f  one thinks of the plausibi li ty of  the long run rea l ra te) 

and is simpler to implement .  This is achieved in the Bank model by 

constraining the cubic spline to fla t ten a t  the long end . Al though 

McCulloch's cubic spline will not in general produce asymptotically flat  

forward rate curves, i t  can be constrained to do so by application of a 

t e c h n i q u e  d u e  t o  V a sicek  a n d  F o n g  (1982 ) .  T h e  m o re rece n t  

parsimonious term structure model of  Nelson and Siegel (1987) was 

specifical ly  designed to prod uce forward rate curves with horizontal 

asymptotes. A full exposition of the Vasicek and Fong adjustment and 

the Nelson and Siegel model can be found in Deacon and Derry (op cit). 

6.5 Tax effects 

The diversity of coupons in the conventional gil t  market coupled with 

the differential taxation of income and capita l  gain in the UK resul ts in 

a n o ti ceable  cou pon effec t ,  a nd a n u mber o f  model s h a ve been 

proposed to remove such distortions [a summary of methodologies is 

pro vided in Deacon and Derry (op ci t ) ] .  As previously noted, t he 

coupon effect is less prominent in the lC market, since there is less 

diversi ty in coupons, but anecdotal evidence suggests tax segmentation 

by m a t u ri ty .  I t  is impo rta n t  that  a ny such effects  a re adequa te ly  

a ccoun ted for when modelling t he rea l yield cu rve, but  this task is  

complica ted by the smal l  number of index-linked giI ts issued . Our 

cu rre n t  methodology igno res such effec ts, so c lear ly  need s to be 

i mproved. 

E s tima tion of  the infla tion term structure relies on a no-arbi trage 

condition, and it is therefore necessary to produce nominal and real 

cu rves for the sa me ca tegory of  investor. Our current methodology 

involves model ling both nominal and real curves from the perspective 

o f  a zero rate tax payer, the nominal curve by model Jing the tax effect 

on the prices of t hose bonds not naturally held by such investors and 

thereby adjusting them to be comparable with the remainder, whilst the 

prices of ICs  are explicit ly assumed to be set by 0% taxpayers. This 
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enables us to apply the no-arbitrage condition, s ince we are comparing 

the IG and conventional  ma rket from the perspec t i ve of the same 

( poss ibly hypothetica l )  inves tor paying no income or capi tal ga ins 

tax.(33) 

6.6 Jensen's inequality and risk premia 

I n  order to i nterpre t  our res u l ts as " true" market expecta t ions o f  

inf lat ion w e  m us t  ass ume tha t the forward i nterest  ra tes tha t we 

calculate are expected future short rates .  However, in practice there are 

several factors which are l ikely to lead to a difference between the two.  

These factors can be grouped into  three ca tegories :  r isk pre m i a ,  

l iquidity premia and ]ensen's inequality.(34) 

There are three principal sources of risk for holders of  bonds: the risk 

of default, the risk of changes in infla tion, and the risk of changes in the 

spot interest ra te. Since the UK Government is unlikely to defau l t, we 

can safely ignore the fi rst of these. I nflation risk is incurred by holders 

of bonds with variable real returns Le wi thout a guaranteed real return. 

The infla tion risk premium on index-l inked bonds is l ikely to be small  

s ince they offer a high degree of real va lue certa inty, (35) whereas for 

convent ionals  i t  may be s ign i fi cant  as a l l  paymen ts a re fi xed i n  

nominal, bu t not i n  real ,  terms. The interes t rate (or price risk) premium 

represents the  compens a t i o n  a bond hol d er req u i res fo r l i ke l y  

variabi l i ty i n  the value of the bond through time. A s  the prices o f  high 

duration bonds wil l  genera lly be more sensitive to a change in  interest 

(33) These estimates can clearly be scaled in the usual way for i nvestors facing other tax 
treatments. 

(34) There may also be some effect 00 both i ndex-linked and conventional yield curves at 
specific maturities where new stock has just been issued or is about to be issued. 

(35) If there was no eight-mo nth lag in the indexation. IGs would offer complete real 
value certainty. 
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ra tes than low d u ra tion bonds (assu ming para llel shi fts of  the yield 

curve), the price risk premium included in their return will be higher. 

Liquidity is important in two respects :  fi rst,  prices of  bonds that are 

identica l in  a l l  respects other than their l iquidi ty may d i ffer. This is 

particularly  true i f  one of the bonds is perceived by the markets as a 

"benchmark". How such effects a re treated depends to an  extent on 

h o w  t hey a re viewed ; i f  a bond's price is rela t ive ly  h igh because 

compa rable bonds are i l l iquid, the l iquid bond's price is l ikely to be 

more representa tive of market interes t rates. However, i f  this bond is 

bei ng used primarily  as a hedge instrument then i ts price is l i kely to 

reflect factors other than solely the tenn structure of interes t rates. The 

s econd l iqu id i ty effect important in the es timation of the I TS is the 

rel a t i v e  l i q u i d i ty of con ven ti o n a l  a nd i n d e x - l i nked g i l ts .  The 

i ndex-l inked market is  less l iquid than the conventional market, and 

therefore any compa rison between the two is  l ikel y to require an  

a d d i t i o n a l  fa c tor  to a l l o w  fo r th e d i f ference in  l i q u i d i t y .  Ou r 

methodology currently assumes that all  liquidity effects are negligible, 

though this may be unrealistic. 

There are several competing hypotheses for the economic rela tionship 

bet ween expected futu re ra tes and bond prices . If the underlying 

p rocess co rres ponds to e i ther the y i eld to ma turi ty or  the local  

expecta t ions hypot heses ,  im pl ied ex pec ted fu ture ra tes wi l l  not  

correspond to actual expected future rates but wi l l  actually be less, to 

an extent dependent upon the volati lity in future rates. Essentially this 

arises from the di fference between EI (1+r)" l ]  and ( 1+E[ r] )-l ,  where E(.)  is 

the expected va lue fu nction and r is a fu ture interest  ra te - this is an 

example of /ensen 's inequality. More precisely, Jensen's inequali ty sta tes 

tha t, for a strictly con vex fu nction, the expectation of the function of a 

ra ndom variable will be greater than the fu nction of the expecta tion of 

the variable ie. 

E[g(x») > g(E(x]) 
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For a deta i led exposi t ion on  the effect of  Jensen's  i neq u a l i ty when 

estimating expected in terest ra tes, see Anderson and Barr ( 1 994).  

When deriving esti mates of inflation expectations, we must take into 

acco u nt both r isk  premia and Jense n ' s  i neq u a l i ty .  The nom i n a l  

infla tion risk premium, nomi nal  in terest ra te risk premium and the 

e ffect o f  J ensen's i nequa l i ty on real rates will  a l l  tend to b i a s  o u r  

estimates o f  inflation expecta tions upwards. Factors tending to cau se 

an u ndersta tement of  infla tion expecta tions wil l  be the rea l i nfla tion 

risk premium ( l ikely to be smal l ), the rea l interest rate risk premium 

and the }ensen effect on  nominal rates. 

Preliminary investigations into }ensen's effect suggest that it is unlikely 

to be signi ficant if the short-term interest rate follows a strongly mean -

reverting process (see Anderson and Ba rr (op cit».  Al though i t  i s  not 

clear a t  this stage what the magnitude of  the net effect of risk premia 

and Jensen's inequality is l ikely to be, we believe that the inflation term 

structure overstates "true" in flat ion expecta tions. Further work is i n  

hand to model these effects more accurately. 

Most stud ies of in flation expecta tions ma ke simplistic a ssumptions 

about the effect of risk premia and Jensen' s ineq ual i ty .  For instance, 

Arak  a nd Kreicher (op cit ) assu me risk premia of zero, though they 

ad mi t  that this assu mption is unl ikely to be real istic. Wood ward (op 

c i t ) ,  and Robertson and Symons (op c i t ) a lso use zero r isk prem ia,  

though the former does examine how his  resul ts would d i ffer i f  the risk 

premia were non-zero. 

7 An event study of inflation e xpectations 

Given the method for derivi ng infla tion expectations out l ined in the 

preceding sect ions, it is useful  to examine how these expecta t ions 

responded to a recen t monetary even t .  Fo r t h i s  we h a ve chosen  

s te r l i ng ' S  e x i t f rom t h e  E x c h a n ge R a te M ec ha n i sm ( E R M )  o n  

1 6  September 1 992 (Black Wednesday). 
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On suspension of sterling's membership of the ERM gilt prices reacted 

s h a rp l y ,  l a rgely  reflec t i n g  cha nges i n  i n vestor' s expecta t ions  -

particularly of fu ture interest rates. These are likely to have changed 

significantly, since UK interest rates would no longer be as closely tied 

to the interest rates of  o ther ERM member countries, hence giving the 

government more flexibil i ty over setting rates. 

Figure 7 . 1  i l l u stra tes the impact that  sterling' s  suspension had on 

i nflation expectations(36) , whi lst Figure 7.2 shows how the nominal and 

real forward interest rate components responded. 

Ft�re 7. 1 
Intlation EXp'ectations: 
Before and after Sterling's 
exit from the ERM (16/9/92) 
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The charts suggest tha t the e ffect of sterl ing's exi t  from the ERM on 

expected nominal interest rates was largely due to a change in infla tion 

expectations (or a change in the ri sk premia on conventional bonds), 

e x pected rea l ra tes on ly  respon d i ng up to the 10 yea r horizon .  

(36) In thi s  comparison we have assumed a net risk premia/Jensen effect of zero. In reality 
this will probably not have been the case, so some of the change in figures 7. 1  and 7.2 
wilJ probably be due to a shift in these factors.  
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Investors expected lower nominal in terest ra tes in the short term but 

over the longer term they expected ra tes to rise by abo u t  5 0  basis 

poi nts .  Clear ly the r ise in i n fla t ion expecta t ions  was sign i f ica n t , 

especial ly over the med ium to long term. 

8 Summary 

This paper has described a number of techniques that can be employed 

to extract information on i nfla tion expectations from the prices of U K  

Government bonds. The simple chart overleaf helps t o  i l lustra te how 

these d ifferent measures of inflation expectations are l inked . 

Our preferred method (and that which is  used to produce the inflation 

term structure published in the Bank of  England's Inflation Report) i s  a 

natural refinement of techniques researched by Arak and Kreicher (op 

cit), and Woodward (op cit) .  The most significant development is in the 

u se o f  t e r m  s t r u c t u re m o d e l s  for  bo t h  t h e  c o n v e n t i o n a l  a n d 

index-linked sectors of the gil t  market. Given some assumptions about 

risk premia and the bias due to ]ensen's inequalityP7) this enables us to 

produce a term structure for inflation expectations which is continuous 

and uses almost all the information available in  the market. The use of 

term structure models also makes it possible to extract forward as wel l 

as average estimates for inflation expectations - something that was not 

possible i n  ea rl ier stud ies. An i m pro ved trea tment  o f  ta xa t ion i s  

inherent i n  the nominal term structure model employed . 

One area in which further work is  requi red i s  in  assessing the l i kely 
magni tude of the bias due to Jensen's inequal i ty and risk premia. Unti l  
these effects are quantified and taken into account in our computations, 
caveats must remain on any results produced . Tha t said,  our view is  
that  the net effect of  risk premia and )ensen's effect i s  to oversta te 
estimates of inflation expectations. 

(37) At present we assume that the net effect is zero. 
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A p p e n d i x  A :  D e r i v a t i o n  o f  t h e  d u ra ti on/v o l a t i l i t y 
relation 

Using the notation of Section 4, from equation (1): 

1:PVCF x t 
Modified durat i on (years) = i i i 

( l+y) x 1:PVCF 
i i 

From the bond price /yield re l at ion.hip P - I:PVCF 
i i 

= 1: 
i 

CF 
i 

t 

( l+y) 

There fore 

CF x t CF t 
dP i i i = - 1: - 1: x 
ay i t +1 i t 

i i 

i 

i 

( l +y) ( l +y) ( l +y) 

1 dP 
So MD = - -

P ay 

1 
- 1: PVCF x t x i i i IT+Yf 

x 
1 percent age change in the bond price 

100 change In yIeld 
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A p p e n d i x  B :  D e r i v a t i o n  o f  the McCulloch rea l y i el d 
curve equations 

I n  o rd er to esti mate a real yield cu rve we need to calculate a rea l 

redempt ion y ield for each i ndex-l i n ked g i l t .  To do th is  we must  

estima te values for the ou tstanding dividends and the corresponding 

d i scount  rates for each such bond . This a ppendix sets ou t how we 

produce these estimates for the net present value of each cash flow on a 

g i ven  i ndex-l i n ked stock,  and h o w  th i s enables u s  to prod u ce a 

McCulloch real yield curve. 

Calculation of the dividends 

For an  index-linked giH the ith remaining dividend payment(38) is  half 

the coupon scaled by a factor: 

R PID --I 

R PIB 

where: RPIB = Base RP) level for the stock i n  question ( the RPI 

level eight months before the stock was issued). 

RP/Dj = RPI  value defi n ing the i th rema ining d i vidend 

paymen t ( the RPI level eight months before the 

date of the ith dividend ).  

For a given date i t  is  l ikely that only RPI D1 , the RPI  defining the next 

d i vidend , is known with all subsequent d i vidends depending on yet 

u npubJ ished RPI values. In order to provide values for these dividends 

in our yield ca lcula tions we must make use of the la test avai lable RPI 

(38) We ignore here the (obvious) adjustments required if the stock has not yet reached its 
fi rst ever divi dend payment, sin ce in general this w i l l  not be si mpl y C/2 ( i n  real 
tenns). 
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figure in conjunction with some assumption about  the pa th of fu ture 

RP) inflation. 

By way of exa mple, consider a hypothetical  index-l inked gi l t  of 4% 

coupon, issued in January 1 991  and paying dividends in September and 

March of each year .  Suppose a lso, that for a given settlement da te in  

June 1994 that the latest known RPI is  for May 1 994. 

The base RPI value (RPIB) for the bond is  the RPI level for May 1990, 

and RPID1 - the RPI defining the next dividend (due in September 1994) 

i s  defi ned by the RPI for J a nuary 1994 . Thus the nex t d i v idend i s  

simply half the coupon multiplied by the RPI scaling factor: 

RP/D1 X 4.0 

RPlB 2 

and is a known quantity for our given settlement date. 

However the subsequent d ividend, which is due i n  March 1 995, will  be 

defi ned by the RP]  level for J u ly 1 994 which is as yet u nknown.  I n  

order to estima te this d ividend payment we use the la test known RP] 

( May 1 994) and assume an infla tion ra te to bridge the two month gap 

between May and July 1 994 . For publication purposes cu rrent market 

con ven tion is to a ssu me an infla tion ra te of ei ther 3% or 5% for this  

period . 

Let: ,..e = 

tl = 

tdi = 

the assumed annual inflation rate, 

t ime ( in  ha l f-years) from the set t lemen t d a te to 

the date of the la test RPI, 

t ime ( in  ha lf-years) from the sett lemen t d a te to 

the d a te of the RP]  d efi n ing the i th  rema i n i ng 

dividend, 
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u = 

I f  RPID2 i s  not yet known then we estimate i t  as: 

RPID2 
= RPIL x UtI-Id2 

= RPIL x Ud-(ld1 +1)  

= RPIL x UtI-Id1 x U- 1  

= RPIL x U-L/6 x U-1 

Here L is defined to be 6( td l - tl) and is the number of months from the 

d a te of the l a test RP]  value to the date o f  the RP1 defining the next 

d ividend _ L is  usually negative, but  may be positi ve when the stock is 

X D .  C l e a r l y ,  i f  R P  I D  2 is k n o w n  we do not need to m a ke s u c h  

assumptions. 

I t  can be shown tha t in the genera l ca se w here the i th d i v idend i s  

unknown we can estimate the appropriate RPl level by: 

RPlD. = RPIL x U-L/6 x U-(i- l )  
I 

Calculation of the d iscount factors 

Let: r = the real yield 

w = the real discount factor = ( 1 +r/2)- 1 

Then, u si ng our  previous notat ion,  the d i scount  factor for the fi rst 

dividend payment FACTOR1 is given by: 

FACTOR = (WU)tdl = wtd1 x u'd1 
1 
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The d iscoun t  factor for the second d i vidend paymen t ( FACTOR2 ) i s  

defined similarly to be: 

FACTO� = (WU)td2 = � x  utd2 

In  general it can be shown that, 

Calculation of the cash flow net present values 

I t  is now possible to calculate the net present value of each cash flow .  

The net present va lue of  the i th remaining di vidend payment is given 

by : 

RP ID 
1 x C x FACTOR 

RPIB 2 i 

In  the case where RPID . i s  known this reduces to: 

fRPID tdl j 
1 x U 

l lU'IB J 

I 

x C x W 
2 

t dl 

When the value of RPIDj is unknown the relation becomes: 

-L/6 - ( 1 - 1 )  t d1 tdl ( 1 - 1 )  
RPIL u u C x " u u 
� -r 

I� t d1 -L/ 6 j tdl 
= u x C x " 

I J -r 
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Now define a tenn A to be: 

1\ = 
I t dl RPIDj [u ] ;;;-
1 tdl - L/6 
l [u ] 

RPIL 
uz. 

if RP ID l a  known 
1 

other.i.e 

Then the net present  value of the ith d i vidend payment reduces to 

A x C/2 X Wtdi. 

If we now define 6/m) to be the real discount function a t  maturity m 
then the above can be written as: 

c 
1\ x x 6 ( t df) 

r 
2 

Similarly, for an indexed bond with N cash flows the net present value 

of the real redemption payment R can be written as: 

A x R x 6 (tdN) r 

In the case of an N-period conventional bond of (nominal)  coupon C the 

present value of each dividend takes the form: 

c 

2 
x 6 ( tdi ) 

n 

a nd the present value of  the ( nomina l )  redemption paymen t R the 

fonn: 

R x l)n (tdN) 

where l) (m) is the nominal discount function at time m.  n 
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McCulloch real yield curve equations 

It follows that in order to adapt the McCulloch yield curve equations to 

generate a real yield curve, we simply scale each cash flow of each bond 

by the relevant 1\ factor. 

We can then define the regression equation for the McCulloch real yield 

curve by 

If 

Y = 1: a x 
1 .1=1 .1 1 .1 

where : y '"' p - 1\ C m - 1\ R 
1 1 1 1 1 1 1 

m i 
x 1\ C f f ( � ) d� + 1\ R f (m ) 

1 j  i i 0 j i j .1 1 

e - 1 /2 u = ( 1  + 1r ) 

r utdj l  
l J i 

1\ = 
i 

r }dl -L/ 6 1 
l J i 

RPIDj i f  RP IDj i s  known 

RPIBj 
RPIL 

otherwiae 

RPIBj 
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