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CHAPTER I 

INTRODUCTION 

Beginning in March 1981, a unique inflation-linked security started trading in Great 

Britain~the index-linked gilt. Gilt-edged stocks, or gilts, are tiie British equivalent of U.S. 

Treasury securities. They are called gilt-edged because the edges of the certificates are gilt 

(gold)-colored to signify the highest quality. Standard gilt stocks, usually called 

conventional gilts, are very similar to U.S. Treasury securities. They carry a fixed 

principal, which can be redeemed at the fixed maturity date, with semi-annual coupon 

(known as dividend) payments. The payments are guaranteed by the British government. 

Index-linked gilts are gilts whose principal and coupon payments are fully linked to 

the Retail Prices Index (RPI), the British equivalent of U.S. Consumer Price Index, with 

an eight-month lag. The indexation is lagged for two reasons. In order for traders to 

calculate the accmed interest during the six-month interval between the two coupon 

payment dates, the exact amount of the next coupon payment must be Icnown, which 

therefore needs to be indexed to the RPI six months before. The other two months are 

required for the lag between measurement and announcement of the RPI. Because of the 

lagged indexation, the RPI eight months prior to the issuance date is used as the base 

index. The first coupon payment is equal to the promised semi-annual coupon payment 

multiplied by the ratio of the RPI two months before issuance to the base index. In other 

words, the first coupon payment is scaled up by the inflation rate, as measured by the rate 

of change of RPI, of the six-month period from the base month. The inflation adjustment 

factor for the second coupon payment is the inflation rate of the twelve-month period from 

the base month. All the following coupons are indexed to the RPI in a similar fashion. 

The last coupon and the redemption value at maturity date will be adjusted by the ratio of 

the RPI eight months before maturity to the base index. 
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The index-linked gilt has attracted some attention recentiy among financial 

economists. The theoretical interests in this financial instmment include, to name a few: the 

welfare effect of inflation hedging government bond; the effectiveness of monetary pohcy 

through its impact on real interest rate; and the implication for portfolio management. 

The empirical interests in this new security have been focused on three aspects. 

First, financial economists have sought to obtain a reliable estimate of the ex ante real 

interest rate from this security, since its cash flows adjust with inflation. Moreover, if the 

ex ante real interest rate can be better estimated, a more reliable measure of expected 

inflation may be attained based on the Fisher hypothesis of interest rate determination. The 

ex ante real rate and expected inflation are among a list of major variables that interest 

researchers in the areas of macroeconomics and finance. Unfortunately, since the two 

variables are not observable from existing financial products, most empirical worlcs have to 

use proxies, e.g., the realized real rate or inflation, rates derived from the time series 

technique, or measures based on survey data. If a good methodology can be developed to 

overcome the impact of the lagged inflation adjustment effect, the index-Unked gilts can 

provide the researcher a better estimate of the ex ante real interest rate than those proxies 

currentiy in the literature, because the holders of the index-linked gilt will be compensated 

for most of future inflation. 

A second group of studies has been interested in testing the existence of an inflation 

risk premium in nominal interest rates, which is inconsistent with the Fisher hypothesis. 

The inflation risk premium is defined as the interest rate premium charged by a lender for 

the uncertainty of fiiture inflation, in contrast to the inflation premium charged for expected 

future inflation. In the literature, tiiere have been many theoretical papers incorporating the 

future inflation uncertainty in the model. However, empirical tests on this topic are few, 

probably because the inflation risk premium is hard to measure. The index-linked gilt 

provides an opportunity to estimate the inflation risk premium because this security is 
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designed to hedge against the majority of the uncertainty of future inflation, as well as the 

expected inflation. The inflation risk premium may be measured by comparing the index-

linked gilt and another govenmient issued debt security, provided the two securities have 

all the same risk characteristics except the inflation risk exposure. 

A third area of interest is the informational efficiency of the index-linked gilt 

market. The concept of market efficiency in finance is concerned with the speed of which 

relevant information can be disseminated, processed, and correctiy incorporated in the 

pricing of financial securities. In the Uterature, market efficiency tests have been widely 

performed on most financial securities. In this context, Pittman (1991), employing an 

aimouncement effect study, examined the informational efficiency of the British index-

linked gilt market. 

There have been only a few empirical studies in this fairly new security, mainly 

because the time series data were not sufficient for valid statistical analyses until recentiy. 

The early studies focused on the measurement of the ex ante real rate and expected 

inflation. In the last five years, a few more papers exploring different topics have been 

pubtished, showing an increased interest in this security in the academic community. Since 

this is a new area of research, this dissertation will provide an overall review covering both 

the theoretical concerns of inflation-indexed bonds and the empirical investigations on the 

three topics introduced above. In addition, two empirical tests will be performed to 

improve existing works. The first test will involve the examination of the inflation risk 

premium based on different inflation hedging capabiUties between the long-term and the 

short-term index-Unked gilts. The second test will be an informational efficiency test using 

advanced time series techniques. 

The stmcture of the dissertation is as follows. Chapter n is the literature review. 

The first section briefly discusses some theoretical papers concerning more general indexed 

bonds; i.e., contemporaneous indexation without lagged effect. Section 2 introduces the 
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international indexing experience in debt security. Section 3 focuses on the British index-

linked gilt. In this section, the impact of the lagged inflation adjustment on both the price 

and return of the index-Unked gilt is discussed in detail. A thorough review and discussion 

of the existing methodologies of extracting the ex ante real rate from the index-linked gilt is 

also covered in this section. Due to the eight-month lagged inflation adjustment in the 

British index-linked gilt, it is shown that there is no single perfect method of measuring the 

ex ante real rate. Several different methodologies have been used in the literature, as weU 

as the marketplace. Among them, however, one methodology will give the best reasonable 

real interest rate proxy. Unfortunately this measure has not been employed in the most 

recentiy pubUshed papers. The analysis in this section cautions against attempts to extract 

expected inflation from the index-linked gilt, as is frequentiy done in the Uterature. The last 

two sections in Chapter n focus on the existence and the measurement of the inflation risk 

premium and informational efficiency of the market separately. Review and criticism of 

previous investigations in these two topics are covered. 

Chapter HI presents the hypotheses and methodologies of the empirical tests that 

wiU be performed in this dissertation. The first section develops a theoretical model to 

justify the existence of inflation risk premium in the British index-linked gilt market. A 

statistical model is presented for testing the existence of an inflation risk premium in the 

British index-linked gilt market. In Section 2, a mathematical model is derived to show the 

relationship between the index-linked gilt price and unexpected RPI in the context of market 

efficiency. The statistical model for this empirical test follows. The data source and tiie 

empirical results are presented in Chapter IV. In this dissertation, an average 2.16%, with 

a median of 5.44%, annual inflation risk premium is found in tiie British index-Unked gilt 

market during the sample period from Febmary 1983 to December 1994. The estimated 

average inflation risk premium is not significant at the 0.1 level based on the t-test. 

However, in the more appropriate sign test and Wilcoxon signed ranks test, the median is 
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significant at the 0.05 and 0.1 levels, respectively. In the informational efficiency test, the 

long-term index-linked gilt price does not significantly respond to unexpected RPI, which 

is inconsistent with the a priori expectation. The price behavior of the short-term index-

linked gilt, however, is consistent with the theoretical prediction. Concluding remarks and 

a summary are in the last chapter. 



CHAPTER n 

LITERATURE REVIEW 

Chapter n is stmctured into five sections. The first section is a general discussion 

of index-linked bonds. The arguments in the Uterature have been centered around two 

issues: (1) the social welfare impUcations of indexed government debt; and (2) the scarcity 

of privately issued indexed debt in tiie United States. Each issue wiU be discussed 

separately in this section. Section 2 briefly introduces intemational indexing experiences 

and the relevant empirical studies excluding the United Kingdom. The latter evidence is 

presented in Section 3. The intention of these two sections is to present a broader view 

showing both the theoretical concems about the index-linked bond in the academic 

coimnunity, and the various lands of index-linked bonds that have been issued in different 

countries. The review in these two sections demonstrates a wide array of theoretical 

interests in the index-linked bonds. These theoretical concems indicate potential future 

empirical research topics in the area of index-linked bonds. 

The following three sections focus on the British index-linked gilt, which is the 

major concem of this dissertation. Section 3 introduces the British index-Unked gUt in 

great detail. Both the price behavior and the retum behavior of the British index-Unked gilt 

are specificaUy analyzed. Theoretical models for empirical tests are developed in Chapter 

in. Two empirical tests are proposed in this dissertation, including an inflation risk 

premium test and an informational efficiency test. The literature concerning the inflation 

risk premium is reviewed in Section 4 of Chapter n. The last section of this chapter 

reviews empirical investigations on the informational efficiency of the U.K. index-Unked 

gilts market. 



2.1 Index-Linked Bond 

It is believed that most investors are concemed about real retums instead of nominal 

retums. In an inflationary environment, nominal bond holders will be hurt by the fact that 

thek fixed nominal retums will be worth less in real terms. ̂  One way to protect investors 

against inflation risk is the issuance of indexed bonds whose payments are linked to 

inflation. Indexed bonds can be viewed as claims to a given amount of purchasing power 

at a specified future point in time. The purchasing power is guaranteed by linking both the 

coupon payments and the principal to some index of prices, typically the general price 

level.2 

1 It is well documented that a nominal bond is not a good hedge against inflation, 
e.g., see Fama and Schwert (1977). To be more precise, the nominal bond is not a good 
hedge against unexpected inflation. As to whether or not a nominal bond is a good hedge 
against expected inflation, the empirical results are still inconclusive, e.g., see Levi and 
Makin (1979), Bomberger and Frazer (1981), Peek and Wilcox (1983), Carmichael and 
Stebbing (1983), Yun (1984), and MacDonald and Murphy (1989). 

2 In reality, there are a variety of indexed bonds designed in many different ways. 
Some bonds only adjust the principal to inflation; some adjust both the principal and 
coupon payments, but the latter are only partially indexed to inflation. A more detailed 
description in this regard will be given in the next section. For the discussion in this 
section, an indexed bond is defined as in the text ~ both principal and coupon payments are 
completely and contemporaneously adjusted to inflation. A simplified numerical example 
could help iUustrate the differences among the three types of indexation. Assume three 
one-year indexed bonds are issued at par, $1,000, witii 10% coupon paid once a year at the 
maturity date. Call the bond that fully adjusts both principal and coupon payments to 
inflation as bond A. Bond B only adjusts the principal. Bond C fully adjusts the principal, 
but only partially (50%) adjusts the coupon payments. The coupon payment is equal to 
$100 (1 -t- coupon adjustment factor) for each bond. The coupon adjustment factor is 
determined by the inflation rate. Assume the inflation rate is 5% in the year, then the 
coupon adjustment factor is 5%, 0%, and 2.5% for bond A, B, and C. The redemption 
value, which is the same for all three bonds, is equal to $1,000 (1.05). The end of year 
coupon payment and redemption value wiU be ($105 ; $1,050), ($100 ; $1,050), and 
($102.5 ; $1,050) for bond A, B, and C. Dividing the end of year total cash inflows by (1 
-H inflation rate) for the three bonds, we obtain $1,100, $1,095.24, and $1,097.62, which 
represent the purchasing power of bond A, B, and C in terms of the price level at the 
issuance date. The real retums on the three bonds are 10%, 9.524%, and 9.762%, 
respectively. Bond A, which is the bond of interest in this section, provides perfect hedge 
against inflation in the sense that the ex post real retum (10%) is equal to the promised real 
yield (10%). The other two bonds, on the other hand, only provide partial protection 
against inflation, and hence their real retums drop below the promised real yield. The 
deficiency of inflation protection of bonds B and C can be analyzed in an alternative way. 
The perfect indexation of the principal only guarantees that the purchasing power of the 
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2.1.1 Government Issued Indexed Bonds 

Some of the most distinguished economists in tiie early economics literature, 

including Jevons (1875), Marshall (1925), Keynes (1927), and Fisher (1934) advocated 

government issue of indexed bonds. In the late 1970s and early 1980s, as inflation became 

higher and more volatile, the issue of whetiier government should provide indexed bonds 

has drawn the attention of economists again. 

There are two major concems in the Uterature. The fu-st category concems the 

increase of tiie investors' welfare through the issuance of indexed govemment bonds. The 

other category concems the effectiveness of economic poUcy by adding indexed bonds to 

the menu of government financing instmments. 

Samat (1973) claUns that the risk considered in the CAPM is the variabiUty risk of 

the nominal retum, not the real retum, which investors are more concemed about. K the 

CAPM is expressed in real terms, there is no riskless asset since the nominal govemment 

security is exposed to inflation risk. In a real-term version of CAPM, the sti-aight capital 

market line and the two-fund separation theorem do not hold. Since the indexed 

government bond yields a riskless real retum, the straight capital market line can be 

regained and the risk averse investors' welfare will be increased. 

Fane (1974) discusses the social costs and redistiibutive effects of inflation, where 

social costs have to do with the total size of the cake, whereas redistributive effects have to 

do with the relative size of each person's slice. As a conclusion, he suggests an economy-

wise indexation for almost any long-term contract arrangement. The supply of indexed 

principal will be intact in an inflationary environment. However, in this example, there are 
two income sources for bondholders: redemption value and coupon payment. Since the 
coupon payments of bonds B and C are not fully indexed to inflation, the bondholders' 
total retums wiU be hurt by inflation. Bond A provides perfect hedge against inflation 
because both the principal and coupon payment are fully indexed to inflation. The above 
example is simplified for exposition purpose. For a bond with more than one year to 
maturity, reinvestment retums must be considered. A detailed discussion of indexed 
bonds' reinvestment retums will be presented in Section 2.3. 
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govemment bonds is also proposed because he thinks it unfair to let those who have lent to 

the government bear the losses caused by any unanticipated acceleration of inflation. 

Milton Friedman (1974) argues that "inflation has been irresistibly attractive to 

sovereigns" (p.29) because it is a hidden tax that can increase the government's revenue 

without specific legislation. He analyzes the harm of inflation on various aspects of the 

economy and suggests, the same as Fane, tiie widespread use of index-Unking (escalator 

clauses, in Friedman's terms) as "a means for removing political obstacles to ending 

inflation" (p.44). As to govemment securities, he proposes that except for short-term bills 

and notes, all others should be issued in purchasing-power form. In another paper, 

Friedman (1984) urges the estabUshment of Consumer Price Index (CPI) futures market to 

provide an inflation hedging instmment for investors. His suggestion was made 

approximately one year before the Coffee, Sugar, and Cocoa Exchange started trading CPI 

futures contract. 

Levhari and Liviatan (1976) charge that the welfare effect analyses in the Uteramre 

have ignored the social economic cost to the govemment introduction of indexed bonds. 

The authors contend that the govemment has two ways to finance future interest payments, 

either through imposing tax or through printing new money. Tax financing represents 

future financial burdens to the public. Holding other things constant, the tax liabiUties of 

the economic agents wiU be positively related with the future inflation rate. In the event of 

issuing indexed govemment bonds, the uncertainty of future inflation still exists, but 

appears in a different form-tax liabilities uncertainty. If the interest payments are financed 

by printing new money, then the money supply will be positively related with inflation rate. 

It follows that the inflation rate will become more volatile, which wiU hurt all the other 

nominal contract holders even more. The worst consequence is that inflation shock wiU 

cause higher money supply, which in tum wUl cause higher future inflation. In 



conclusion, since there is no risk diversification effect to the economy as a whole, the best 

that indexed bonds can achieve is intergenerational risk sharing. 

The increasing inflationary pressure argument raised by Levhari and Liviatan is 

opposite to an early contention made by Bach and Musgrave (1941) that indexed 

govemment bonds would encourage saving in the inflationary periods and reduce 

inflationary pressure. The rationale of Bach and Musgrave is that people will invest in 

indexed bonds, if they are available, to hedge against inflation and reduce the investments 

in real estate and other physical assets. This, it is argued, wiU reduce the pressure on real 

resources in the economy and hence reduce the inflationary pressure. Moreover, since the 

government debt is Unked to inflation rate, both the Administration and the Congress wiU 

adopt more aggressive anti-inflationary policies. According to Rutterford (1983), the 

above increasing versus decreasing inflationary pressure argument was one of the major 

controversies l)efore the British govemment first issued indexed bonds in 1981. The 

United Kingdom experienced a decade of high and volatile inflation in the 1970s. From 

1971 to 1980, the average annual inflation rate was 13.92% with a 5.49% standard 

deviation; the highest annual inflation rate was 24.9% in 1975. The proponents of indexed 

bonds claimed that the issuance of this new type of security could not only lessen the short 

term govemment financing costs due to the low coupon rate on indexed bonds, but could 

also reduce the long mn inflationary pressure. The opponents, on the other hand, 

expressed their fear of uncontrollable future inflation rate. Consensus was never reached.^ 

Another class of arguments is more concemed about whether indexed bonds can 

make economic policy more effective. Tobin (1971) believes that the issuance of indexed 

3 The first British indexed bond was issued in March 1983. Since then, the annual 
inflation rate has dropped to a much lower level, as compared with the 1970s. From 1981 
to 1994, the average annual inflation rate was 5.44%, with a 2.77% standard deviation. 
However, no research has been conducted to evaluate whether the drop of the inflation rate 
was a result of the issuance of indexed bonds or other govemment policies. 
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govemment bonds would improve the central bank's control over private investment and 

national output. His argument is based on the assumption that indexed bonds are viewed 

as a closer substitute for equity than nominal bonds, since indexed bonds do not contain 

inflation risk. The open market operations tiirough indexed bonds wiU be more effective in 

terms of inducing investors to switch towards or away from equity, and thus affecting the 

required return on equity. A drop, say, of required retum on equity will induce firms to 

undertake more investment. 

Beckerman (1980) argues that, provided the real retums on nominal bonds and 

equity are negatively correlated, the two types of assets may be viewed as complements to 

each other as far as risk diversification is concemed in a portfoUo. In that case, open 

market operations through nominal bonds wiU be more effective in terms of affecting 

private investment. 

Wallace (1981) provides the proof of the public finance version of the ModigUani-

Miller capital stmcture irrelevancy theorem. Irrelevancy here means that Ixjth the 

equilibrium consumption allocation and the path of the price level are independent of the 

government's portfolio combination. In other words, they will not change in response to 

open market operations. Peled (1985) explores the same issue by expanding Wallace's 

simplified model and incorporating indexed bonds in the model. The basic result is that in 

spite of different risk characteristics, one can exchange indexed bonds for the nominal asset 

in the govemment portfolio without affecting real variables in equilibrium. In other words, 

open market operations whether through indexed bonds or nominal bonds are similar. 

Indexed bonds may not expand govemment control of the economy beyond what is 

enabled by taxation, transfer payment, and issuance of nominal assets. Fischer (1986) 

supports Peled's argument and contends that the major function of indexed govemment 

bonds is to provide intergenerational risk sharing. 
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Before turning to the topic of privately issued indexed bonds, two additional papers 

will be briefly inti-oduced. Babbel (1984) points out that long-term indexed bonds can 

provide immunization of real retums over a long horizon by matching the duration with the 

intended holding period, which cannot be achieved by any other portfolio combination. 

Boschen (1986) emphasizes the information content of indexed bonds. Since the yield to 

maturity of indexed bonds represents the ex ante real rate, the price of the indexed bond is a 

function of the real rate and real shocks. With information derived from the relative price 

of indexed to nominal bonds, market participants are able to separate real shocks from 

nominal disturbances. 

In summary, there is no unanimous opinion in the academic community about 

whether the govemment should issue inflation-linked bonds. Proponents argue that 

government-issued inflation-linked bonds, which provide perfect hedge against inflation 

and better risk diversification effect in real terms, will increase the social welfare. In 

addition, the issuance of inflation-linked bonds will make the economic policies more 

effective in terms of better control over the major macroeconomic variables, e.g., national 

output, saving, investment, and inflation. On the other hand, opponents claim that the 

inflation-linked bond will protect some investors against inflation risk at the cost of other 

investors. As a whole, society will not l)e better off because the inflation-linked bonds do 

not reduce the society's risk, but transfer the risk from one group of people to another. 

Furthermore, the inflation-linked bond may hurt the economy due to uncontrollable future 

inflation resulting from increased govemment financial burdens in an infiationary era. 

These controversies are difficult to resolve without empirical evidence. 

2.1.2 Privatelv Issued Indexed Bonds 

In the United States, there have been only two indexed corporate bonds issued in 

this century. In 1925, the Rand Kardex Company issued 30-year bonds with interest and 
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principal tied to the wholesale price index. However, the indexing provision became 

effective only when the price level rose by 10 percent.'̂  Anotiier case is the Westem Coal 

Tmst, which issued a 23-year bond, with a 3% coupon indexed to GNP deflator (Helzel 

and Babbel, 1982). 

The phenomenon of almost non-existence of indexed corporate bonds has drawn 

tiie attention of economists. Fischer (1975, 1977) analyzes this issue from both demand 

and supply aspects. In the first paper, he sets up a model and shows that there is demand 

for indexed bonds mainly for inflation hedging purpose. Furthermore, when the equity 

retum is negatively correlated with unexpected inflation, which is consistent with the 

empirical evidence in the United States, lenders are willing to pay a premium for indexed 

bonds. In other words, when equity is not a good hedge against inflation, the costs of 

issuing indexed bonds are lower than nominal bonds.^ This argument provides an 

incentive for firms to issue indexed bonds. In the second paper, Fischer explores several 

possible reasons for the non-existence of indexed corporate bonds. He concludes that the 

best explanation is that the variabUity of inflation in the U.S. has been relatively low, 

especiaUy as compared with that of the stock market rate of retum. The low inflation 

variability reduces the attraction of indexed corporate bonds to investors. If the 

bondholders are not wiUing to pay a significant amount of premium for indexed bonds, the 

cost saving to the issuers may be offset by the cost of innovation. 

Liviatan and Levhari (1977) offer a different explanation. They point out that firms 

have monetary assets and incomes, which are subject to inflation risk in terms of their real 

4 The terms of the bond are described in Pigou (1929, p.262). 

5 The negative correlation between stock retum and inflation in the United States is 
well documented, for example, see Bodie (1976), Fama and Schwert (1977), Geske and 
Roll (1983), and Kaul (1987). 
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values. Nominal bonds provide firms with inflation hedge against their assets and 

incomes. 

McCuUoch (1980) points out that the issuance of indexed bonds was iUegal until 

1977. The 1933 "Gold Clause" outiawed indexed bonds by prohibiting any loan whose 

principal is not repaid in a fixed doUar amount. Although this clause does not pertain to 

indexation directiy, the interpretation of this clause in several cases impUes that the indexed 

bonds clause is unenforceable. The Gold Clause was revoked by Congress in 1977. 

KeUy (1982) argues that if the legal impediments were the reasons for the non

existence of indexed corporate bonds, business groups would have made much effort to 

repeal such bans. He contends that firms already have some altematives to hedge inflation 

risk, such as rolUng over short-term debt, caU protection features, and use of financial 

futures. In addition, it is not necessary for the firm to hedge inflation risk, since the 

shareholders can diversify the risk on their own. 

McCuUoch (1982), in response to Kelly's comment, points out that an indexed 

bond can lock in the long-term real investment cost, which cannot be achieved by roUing 

over short-term debt. As to the financial futures, the CPI futures contract did not exist until 

1985. The caU clause only provides protection several years after issuance; moreover, the 

caU clause is not free. 

Eden (1985) offers an interesting explanation from the aspect of game theory. He 

attributes the non-existence of indexed bonds to incomplete information. If only one firm 

issues indexed bonds, investors might not want to purchase the bonds because they would 

suspect that the company may have more information about future inflation. As a 

consequence, no company would like to become the first to issue indexed bonds. 

To conclude Section 2.1, there is no agreement on the reasons why indexed bonds 

have not been widely issued by the U.S. corporations, or whether the govemment should 

issue inflation-linked bonds. This section presents an overview of the theoretical concems 
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of indexed bonds in the Uterature. The next section will briefly introduce the indexed 

bonds that have been issued worldwide. 

2.2 Intemational Indexing 

According to Page and TroUope (1974), there have been several countries issuing 

indexed govemment bonds after Worid War E, including Argentina, Brazil, Finland, 

France, Iceland, Israel, and Sweden.^ The indices used are different across countries. 

Non-agricultural wholesale prices are used as the index in Argentina, wholesale prices in 

Brazil and Finland, and consumer prices in Iceland and Sweden. Several different indices 

have been used in France, including gold price, industrial production, the value of equities, 

and European unit of account. Israel also has used more than one index, the consumer 

price index and the exchange rate against the U.S. dollar. The choice of index depends on 

the reasons for introducing indexed bonds, either for convenience or for availability. For 

example, the earliest IsraeU indexed bonds were linked to the U.S. dollar exchange rate in 

order to compensate Israeli owners of foreign securities for exchange rate effects. Those 

bonds linked to the consumer price index are usually aimed to protect investors against the 

deterioration of purchasing power. 

Fishlow (1974) and Pastore, Almonacid, and De Barros (1977) explore the 

Brazilian experience of fighting inflation, which was reduced from about 90 percent in 

1964 to 15 percent in 1973. The govemment bond is only one of the widespread uses of 

indexation in Brazil. 

There have been several empirical papers focused on the indexed bond markets and 

published in EngUsh. Four of them examine Israeli indexed bond data. Ben-Shahar and 

Cukierman (1973) use both foreign exchange and consumer price index-linked bonds to 

6 The British indexed bonds will be discussed in greater detail in the next three 
sections. 

15 



derive the expected rate of change of local currency in real terms. Cukierman (1977) 

extracts the expected inflation from the Israeli consumer price index linked bonds. The 

estimated expected inflation is then used as the criterion to evaluate several inflationary 

expectation processes, including adaptive, extrapolative, regressive, synthesized 

regressive-extrapolative, rational, and Frenkel's combined adaptive-regressive processes. 

He concludes that a modified version of Frenkel's process performs the best, based on the 

criterion of minimizing the square root of the mean square deviation from the expected 

inflation extracted from the Israeli indexed bonds. 

Brermer and Galai (1978) test whether the holding period retum of IsraeU indexed 

bonds is related to uncertainty about future inflation. Their investigation does not support 

the hypothesis. Huberman and Schwert (1985) use daily prices of indexed bonds to test 

whether announcements of the Israeli consumer price index contains information that is not 

already reflected in bond prices. The results indicate that about 85 percent of the 

information about inflation has been reflected in bond prices prior to the announcement, 

and only 15 percent is adjusted immediately after the announcement. The last paper that 

will be introduced in this section was written by Paunio and Suvanto (1977), who use 

Finnish govemment issued indexed and non-indexed bonds to constmct a monthly series 

for price expectations over the period 1963 - 1974. A technical difficulty of the derivation 

is caused by the index clause that only 50 percent compensation for inflation is provided to 

the bondholders. 

The above two sections are aimed at briefly reviewing the theories and practices of 

index-linked bonds, without extensive discussions. The next three sections concentrate on 

the British index-linked gilt, which is the major concem of this dissertation. The relevant 

papers are discussed in detail. 
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2.3 United Kingdom's Index-Linked Gilts (ILGs) 

2.3.1 An Overview 

The British gilt stocks, usually called conventional gUts, are very similar to U.S. 

Treasury securities. They carry a fixed principal, which can be redeemed at the fixed 

maturity date, with semi-annual coupon (known as dividend in the U.K.) payments. The 

payments are guaranteed by the British govemment. 

Indexed-linked gilts are gilts whose principal and coupon payments are fully linked 

to the Retail Prices Index (RPI), the British equivalent of U.S. Consumer Price Index. The 

fu-st index-linked gilt. Treasury index-linked 2% 1996, was issued in March 1981. 

According to Rutterford (1983), the British govemment gave three reasons for issuing 

index-linked gilts: 

1. In the 1970s, the annual infiation rates of the United Kingdom fiuctuated between 

approximately 7% and 25%, with an average 14%. The issuance of gilts with both 

principal and coupon payments linked to the rate of infiation would strengthen the 

public's confidence in the govemment's anti-inflation policy and therefore help the 

govemment achieve its economic objectives.^ 

2. Indexation would result in significant savings to the Treasury.^ 

^ According to Bootle (1985), the British authorities really did not reach an 
agreement about the impact of index-linked gilts on future infiation. Proponents argue that 
since the future coupon payments and redemption value of index-linked gilts depend on 
future inflation rate, the issuance of this security signifies the govemment's confidence in 
inflation control, which will help to reduce the market's expectations of inflation and 
thereby assist the disinflationary thmst of the govemment's policy. On the other hand, 
opponents believe that the issuance of indexed bonds would give rise to inflationary 
pressure. The Govemor of the Bank of England, which is the issuing agent of govemment 
securities, is among the opponents. 

8 There are two main sources of savings. The first one is that index-linked gilts 
would eliminate inflation risk for investors and hence the inflation risk premium charged on 
conventional gilts would be saved. The inflation risk premium is the premium charged for 
the uncertainty of future inflation, in contrast to the inflation premium charged for the 
expected inflation rate. According to Rutterford (1983), the British govemment believes 
that investors charge an inflation risk premium on conventional gilts due to the very high 
and volatile inflation rates in the 1970s. Since the holders of index-linked gilts will be 
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3. The introduction of index-linked gUts would improve the govemment's control over 

monetary aggregates.^ 

These reasons reflected poUcy concems specific to the United Kingdom in the early 1980s. 

The Bank of England has issued 18 different index-Unked gilts since March 1981 

(Table 2.1). By March 1990, the total amount of ILGs outstanding was about £17.5 

biUion, which amounts to 10.9% of market holdings of British govemment debt, and 

19.3% of the market value of aU gilts outstanding (de Kock 1991). 10 Table 2.2 provides 

compensated for most of future inflation, they would request a much lower inflation risk 
premium on index-linked gilts than on conventional gilts. The other source of savings 
comes from the lower interest payments. In early 1981, the long-term bond rate was 
approximately 14%, in conti-ast to the 2% real coupon rate of the ILG 1996 issued in March 
1981. If the inflation can be controlled as anticipated by the govemment, the future interest 
payments on ILGs would also be lower than those on conventional gilts. This point can be 
iUustrated by a numerical example. Assume both conventional and index-linked gilts have 
three years to maturity, with £100 face value, and annual coupon payment schedule. The 
coupon rate is assumed to be 14% on the conventional gilt, and 2% on the index-linked 
gilt. Thus, the govemment has to pay £14 armual coupon payment and £100 redemption 
value on the conventional gilt, regardless of the levels of future inflation rates. On the other 
hand, the payments on the index-linked gilt depend on future inflation rates. Assume the 
inflation rate is controUed at 5% per armum for the next three years, then the annual coupon 
payments for the 2% index-linked gilt wUl be £2.1 ( = £2 x 1.05 ), £2.205 (= £2.1 x 
1.05), and £2.3152 (= £2.205 x 1.05). The redemption value of the index-linked gilt wiU 

be equal to £115.7625 (= £100 x 1.05 ). Assuming a 7% discount rate, the present value 
of the govemment's payments on the conventional gilt is equal to £118.37, as compared 
with £100.28 on the index-linked gilt, or £18.09 net savings in terms of present value from 
issuing index-linked gilt. The opposite result would be incurred if the inflation rate in the 
next three years is higher than anticipated, say 20% per annum. At this rate, the annual 
coupon payments on the index-linked gilt wiU be £2.4, £2.88, and £3.456 for the next 
three years, with £172.8 redemption value at maturity. Assuming 22% discount rate, the 
present value of the govemment's payments on the index-linked gilt is equal to £100.97, 
which is higher than the £83.66 present value on the conventional gilt by £17.31. 

9 According to de Kock (1991), the British gilts market makers were weakly 
capitalized. The authorities felt obUged to reduce the fluctuations in gilt prices in order to 
help the market makers survive. Experiencing the high and volatile inflation in tiie 1970s, 
the Bank of England had to adopt a destabilizing expansionary poUcy to prevent gilt prices 
from falUng too deeply. Since ILG's price responds to the change of real interest rate, 
instead of nominal interest rate, replacing conventional gilts by indexed gilts could help the 
govemment to reestablish control over monetary aggregate. 

10 A higher percentage in terms of market value is because tiiat the prices of the 
ILGs rise in line with inflation, holding others constant. 
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Table 2.1 
British Index-Linked Gilts Issued Since 1981^ 

Maturity Real Coupon 

Rate 

First Trading Datê  

Closing Price^ 

of the First 

Trading Day 

1988 

1990 

1992 

1994 

1996 

1998 

1999 Convertiblê  

2001 

2003 

2004 

2006 

2009 

2011 

2013 

2016 

2020 

2024 

2030 

2% 
2 

2 

2 

2 

4.625 

2.5 

2.5 

2.5 

4.375 

2 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

4.125 

03-22-82 

01-05-84 

02-17-86 

06-03-88 

03-31-81 

09-21-92 

N A 

08-26-82 

10-27-82 

09-23-92 

07-08-81 

10-21-82 

01-29-82 

02-21-85 

01-19-83 

10-13-83 

12-30-86 

06-16-92 

£97.50 

91.00 

100.00 

95.13 

99.88 

101.25 

NA 

94.00 

98.00 

101.41 

86.00 

99.19 

90.75 

100.00 

99.00 

91.50 

78.00 

98.50 

^As of January 1995. 

'̂Convertible 1999 carried the option to convert into a 10.25% conventional gilt of 1999. 

^ e first trading date and its closing price are based on the price data provided by Datastream Intemational. 
The index-linked gilt started trading either on the issuing date, or a few days after the issuing date. 

The price is rounded up to two decimal points. 
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Table 2.2 
Treasury Bill Rate, Long-Term Govemment Bond Yield, 

and Inflation Rate in the U.K. (1971 - 1990) 

Three-Month Twenty-Year 

Year T-BiURate Govemment Bond Inflation Rate 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

5.57% 

5.54 

9.34 

11.37 

10.18 

11.12 

7.68 

8.51 

12.98 

15.11 

13.03 

10.30 

9.59 

9.30 

11.56 

10.37 

9.25 

9.78 

13.05 

14.08 

8.90% 

8.91 

10.72 

14.77 

14.39 

14.43 

12.73 

12.47 

12.99 

13.79 

14.74 

11.58 

10.81 

10.69 

10.62 

9.87 

9.48 

9.36 

9.58 

11.08 

9.0% 

7.6 

10.6 

19.2 

24.9 

15.1 

12.1 

8.4 

17.2 

15.1 

12.0 

5.4 

5.3 

4.6 

5.7 

3.7 

3.7 

6.8 

7.7 

9.3 

Note: Data in this table are recorded on various issues of International Financial Statistics. The 
govemment bond rate refers to the yield to maturity. The inflation rate is measured as the rate of 
change of RPI. 
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tiie three-month Treasury bill rate, the twenty-year govemment bond yield, and the inflation 

rate in the U.K. from 1971 to 1990 as the background information about the British 

conventional gilt market before and after the issuance of index-Unked gUts. 

The first issue (issued since 1981, maturing 15 years later in 1996) was restricted to 

pension funds only. There were two reasons for this restriction (Rutterford 1983). First, 

pension funds were identified as having a major demand for indexed gilts. The authorities 

would like to test the market response to this new financial instmment from the most 

interested group. The second more important reason involved potential tax problems. 

Prior to 1982, the conventional gilts were exempt from capital gains tax if held for more 

than one year, but capital gains on equities were fully taxed. It was unclear whether the 

indexed gilts should be taxed as (so that they would act as closer substitutes for) 

conventional gilts or equities. Since pension funds were tax exempt, by restricting the 

indexed gilts only to them, the authorities were able to postpone the tax problem to the 

future. 

In March 1982, the new tax law separated the real capital gains from the inflationary 

capital gains. Only real capital gains on equities and short-term real capital gains on both 

conventional and indexed gilts were taxable, which effectively overcame the tax problems 

mentioned above. With the introduction of the new tax law, the restrictions on the type of 

investors were Ufted. Beginning in March 1982, the index-linked gUts were freely traded 

among all investors. According to Gaske (1989), the capital gains tax on both gilts were 

completely eliminated beginning in July 1986, except for institutions for which ti-ading in 

these gilts consists part of their business. 

Altiiough tiiere is an identical tax treatment of capital gains tax for botii indexed and 

conventional gilts, the former still has tax advantage over the latter. In tiie last two decades 

in the U.K., the coupon rates for most conventional gilts ranged from 10% to 12%, which 

are much higher than tiie coupon rates on the index-linked gilts, as listed in Table 2.1. 
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Since the coupon payments are subject to ordinary income tax, the armual tax liabiUties for 

conventional gilt holders will be higher than those for index-Unked gUt holders. The 

coupon rate on the conventional gUt is always higher than the coupon rate on the index-

Unked gilt, because the former is a nominal rate, while the latter is a real rate. 

According to Rutterford (1983), there was a debate over the appropriate index to be 

used before the fu-st index-linked gilt was issued. There were three candidates: the GDP 

deflator, an index of average earnings, and the Retail Prices Index (RPI). The GDP 

deflator is pubUshed with a substantial lag and is subject to revision. Furthermore, there 

are several measures of GDP, and hence its deflator. Using average eamings as the index 

may help the pension funds, the major investors in long-term gUts, to match their assets 

and liabilities. The latter are usually based on final eamings of employees and thus will 

increase in line with eamings. However, the recommended eaming index, based on the 

New Eamings Survey, is published only once a year and with a lag of six months, which 

is obviously not appropriate for a semi-annual coupon payment security. The RPI was 

chosen mainly because: (1) it is the most widely and generally accepted measure as an 

index of cost-of-living in the United Kingdom; (2) it is published monthly with a maximum 

lag of two months and hence is convenient for the calculation of accmed interest; and (3) it 

israrelyrevised.il 

This section provides a general introduction of the British index-Unked gilt. The 

details of inflation adjustment process will be presented in the next two subsections. As 

mentioned in Chapter I, the inflation adjustment of the index-linked gilt is lagged by eight 

months. The lagged indexation makes the pricing of the index-linked gilt very compUcated. 

For exposition purpose, in the next subsection, the inflation adjustment is assumed to be 

made without lag. The eight-montii lag wiU be introduced later in subsection 2.3.3. 

11 The British RPI is not adjusted for seasonality. Therefore, frequent revisions are 
not necessary. 
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2.3.2 Hypothetical Contemporaneous Inflation Adjustment 

Most British gilts have £100 par value, or principal. For index-Unked gilts, the par 

value is also £100, which however is not the redemption value. Both the coupon payments 

and the par value on each index-linked gilt are linked to RPI, a measure of the general price 

level. In the U.K., inflation is defined as the rate of change in RPI. If the index-linked 

gilts were designed as a perfect hedge against inflation, the inflation adjustment should 

have been contemporaneous. 

Contemporaneous adjustments require that the coupon payments be adjusted based 

on the inflation rate from issuance date to each coupon payment date. The redemption 

value must also be adjusted for the increase in inflation over the life of the gilt. Thus, each 

coupon payment is equal to the product of the par value £100, the semi-annual coupon rate, 

and the inflation rate as measured by percentage change of RPI from issuance to each 

coupon payment date. The redemption value would be equal to the product of £100 and the 

ratio of RPI at maturity to RPI at issuance. Take the first issue 2% ILG 1996 as an 

example. This ILG bears £100 par value and 2% annual real coupon rate, with the maturity 

date in September 1996. The issuance date was March 1981, and the first coupon payment 

date was September 1981. Suppose the RPI increase from March to September in 1981 

were 10%, (not annualized) then a contemporaneously adjusted first coupon payment 

should have been equal to £1.1=(£100)(1%)(1+10%). The calculation of the redemption 

value is sti-aightforward. Assuming that the inflation rate is 150% over the Ufe of the 

indexed gilt, then the redemption value would have been equal to £250=(£l(X))(l-i-150%). 

In the case of contemporaneous inflation adjustment, the price behavior of the 

indexed bond would be very different from that of the conventional nominal bond. 

Equations (2.1) and (2.2) are the valuation formulas for conventional nominal bond and 

contemporaneously adjusted indexed bond, respectively. 12 

12 To simplify the notations, all the bond pricing formulas in the dissertation 
23 



/ 

" _C_ FV 

j^l (l+R)' (1-J-R)" 
^NB = . ^ . — T + n' (2.1) 

RPIt RPIf 2 RPIf n 

c^(un) c^d-̂ n) c^d+n)" 
IB (1-l-R) ^ ^̂  ^ 2 

(1+R) (1-HR) n 

RPL n 

FV^(un) 

(1+R)" 

_ R P i t ( "C(i+n)J F V ( i + n ) S 

"^^^S=i (iW (1.R)" ^' ^'-'^ 

The notations are explained below: 

P : price of the nominal bond 

P : price of the contemporaneously adjusted indexed bond 

C : coupon payment 

FV : face value of the bond 

RPIQ : retail prices index at issuance of the bond 

RPIj : the most current retail prices index 

R : geometric average semi-armual nominal yield from now until maturity 

n : geometric average semi-annual expected inflation rate from now until maturity 

n : the remaining number of semi-annual periods until maturity. 

assume that the coupon has just been paid, unless otherwise specified. This assumption is 
not critical to the analysis. 
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Equations (2.1) and (2.2) demonsti-ate how the prices of the nominal bond and the indexed 

bond can be determined, given the average nominal interest rate R and average expected 

inflation n , both of which are assumed to be constant and exogenously determined. 

Caution must be paid when applying these two equations. MathematicaUy speaking, the 

discounted cash flow method implicitiy assumes that the reinvestinent rate is equal to the 

discount rate. The reinvestment rate in equations (2.1) and (2.2) is thus equal to the 

geometric average nominal interest rate from now until maturity, or R in the equations. 

However, investors may not be able to reinvest the interim coupon payments at the 

discount rate, which wiU affect investors' total dollar retums greatiy.13 A fiirther 

discussion of reinvestment retums wUl be presented later in this section. 

Equation (2.2) can be further reduced by substituting the Fisherian formula 

(1-HR) = (l+r)(l-Hn), (2.3) 

where r represents the ex ante real rate.l"* Substituting (2.3) into (2.2), one can obtain 

13 The total dollar retums for long-term bondholders, if holding to maturity, can be 
decomposed into three parts: redemption of principal, coupon payments, and reinvestment 
retums. For a long-term nominal bond, reinvestment retums are the major portion of total 
dollar retums. A numerical example will illustrate this point. Assume a 30-year nominal 
bond with $1,000 principal and 7% coupon rate is issued at par. If the market interest rate 
stays constant at 7% throughout the life of the bond, the total doUar retums from holding 
the bond until maturity will include $1,000 principal, $2,100 coupon payments, and 
$4,778 reinvestment retums, which are compounded semi-annuaUy. The reinvestment 
retums amount to approximately 61% of the total dollar retums in this example. If the 
market interest rate drops to 6% immediately after the issuance of the bond and stays 
constant for the next 30 years, then the reinvestment retums wUl be reduced to $3,607. 
This example demonstrates that the reinvestment retums are cmcial to nominal 
bondholders' total dollar retums. Moreover, the volatiUty of the reinvestment retums, and 
hence the total dollar retums, of a nominal bond is a direct fiinction of the volatiUty of the 
nominal interest rate prevailed throughout the Ufe of the bond. A similar numericcd example 
regarding the indexed bond will be given later in this section. 

1"* The real interest rate r in equation (2.3) does not have to be a risk free rate. 
According to Fisher (1930), r contains the risk premium when equation (2.3) is applied to 
risky assets. An alternative expression of equation (2.3) is to decompose r into a risk free 
rate and a risk premium. 
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In equation (2.4), BpT" measures the realized inflation rate from issuance to date. 

The expected inflation rate, II, in equation (2.2) is canceled out in equation (2.4), and 

hence does not affect the price of the indexed bond. The differences between (2.1) and 

(2.4) are two-fold. First, the discount rate for the nominal bond is the nominal yield, 

contrasted with the real yield used as the discount rate for the indexed bond. Second, all 

the cash flows of the indexed bonds are multiplied by the realized inflation rate from 
RPIj 

issuance to date, ^p j • Based on equations (2.1) and (2.4), the following observations 

can be obtained. While the nominal bond price reacts to the change of nominal interest rate, 

the indexed bond price will only respond to real interest rate change. This is due to the 

perfect protection against any future inflation over the life of the indexed bond. In other 

words, a contemporaneous inflation-adjusted indexed bond price is not a function of 

expected future inflation at all. Interestingly enough, the two types of bonds also react to 

realized inflation in an opposite way. It can be seen from equation (2.1) that the realized 
RPIt 

inflation since issuance, as measured by ^pr > does not directiy affect the nominal bond 

price, although the unexpected part of the realized inflation could change investors' 

expected future inflation and the required nominal interest rate and thus indirectiy affect the 

nominal bond price. The price of the indexed bond, on the other hand, is a direct function 
RPL 

of tiie realized inflation since issuance, j^pj-. As the general pnce level (RPlt in (2.4)) 

rises, the indexed bond price, provided contemporaneous adjustment, would also rise at the 

same pace. 

26 



/ 

2.3.3 Lagged Inflation Adjustment 

The above description of the inflation adjustment process and its effect on the bond 

price assumes contemporaneous inflation adjustment. This discussion is presented in order 

to assist us in more easily understanding the characteristics of the complicated British 

index-Unked gilts. 

For the British index-Unked gilts, aU the coupon payments and the redemption value 

are adjusted to the inflation rate, as measured by rate of change of RPI, with an eight-

month lag. Figure 2.1 illustrates how the eight-month lagged inflation adjustment works 

using ILG 2% 1996 as an example. 

ILG 2% 1996 

Issuance date: March 26, 1981 

Coupon payment dates: March 16 and September 16 

Base index: July 1980 RPI 
, ,^o^ / , X. • , YJanuary 1982 R P A 

September 1982 coupon = (par value)(senu-annual coupon rate)\^—base index / base index 

= (£100)(1%)(|^)=£1.15^ 

7/80 3/81 9/81 1/82 3/82 9/82 

I 1 1 1 — - I 
* * 

RPI=267.9 RPI=310.6 

Figure 2.1 Eight-Month Lagged Inflation Adjustment of the British Index-Linked Gilts 
^For this issue, the coupon rate is rounded to two decimal points, as explained in footnote 15. 

27 



This gilt was issued on March 26, 1981. There is a base index, which is tiie RPI 

eight montiis before tiie issuance date, for each gUt. The base index for ILG 2% 1996 is 

the RPI of July 1980, which is 267.9. Each coupon payment is equal to the product of tiie 

par value, the semi-annual coupon rate, and the ratio of tiie RPI eight months before tiie 

coupon date to the base RPI. Take the third coupon payment on September 16 as an 

example. The RPI eight months before September 1982 is RPI January 1982, which is 

310.6. The coupon payment is thus equal to £1.15 = (£100) (l%)(|^y^).l5 The 

redemption value is adjusted in the same way. The maturity date for this issue is 

September 16, 1996, for which the reference index is the January 1996 RPI. The 

redemption value wUl be equal to £100 multipUed by the ratio of January 1996 RPI to the 

base RPI. Table 2.3 demonstrates the calculations of each coupon payment and redemption 

value, since issuance to maturity, for ILG 2% 1988. 

Bootle (1985) explains the eight-month lag as a result of the way the indexed gilts 

are quoted. The index-linked gilts with a remaining life to maturity of five years or less are 

called "shorts"; otherwise they are called "longs." Shorts are quoted on clean price, which 

is the price net of accmed interest. The quoted price of the longs, on the other hand, 

includes the accmed interest. The difference between shorts and longs in price quoting 

ceased to exist on Febmary 10, 1986. According to Pittman (1991), daily prices of all 

index-linked gilts began to be quoted clean as of that date. 

To calculate the accmed interest, the exact next coupon payment must be known. 

This makes contemporaneous inflation adjustment impossible. The time lag must be at 

least six months because interest starts to accme on the next payment six months out. The 

inflation rate usually is available by the end of the third week of the next month, which 

15 According to Bootle (1985), the coupon rates take four decimal points for all the 
other issues. ILG 2% 1996 is an exception for which the Bank of England defined the 
coupon rate to have two decimal points rounded down. 
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Table 2.3 
Indexation Scheme of the British Index-Linked Gilt 

ILG 2% 1988 

Issuance date : March 1982 

Maturity date : March 1988 

Coupon payment dates : March and September 

Base index : July 1981 RPI (297.1) 

Coupon payment = (principal)(semi-annual coupon rate)(—, npr—) 

Date 

1982.9 

1983.3 

1983.9 

1984.3 

1984.9 

1985.3 

1985.9 

1986.3 

1986.9 

1987.3 

1987.9 

1988.3 

Reference RPI 

1982.1 =310.6 

1982.7 = 323.0 

1983.1 =325.9 

1983.7 = 336.5 

1984.1 =342.6 

1984.7 = 351.5 

1985.1 =359.8 

1985.7 = 375.7 

1986.1 =379.7 

1986.7 = 384.7 

1987.1 =394.5 

1987.7 = 401.6 

Payment 

310.6 
£(100)(1%)(^9^ 

323 0 
£(100)(1%)( | |^ 

£(100)(l%)(§|;y 

£(100)(l%)(||y;y 

£(100)(l%)(||y3 

£(100)(1%)( | |^ 

359.8 
£(100)(l%)(gyj 

£ (100) ( l%)(g^ 

379 7 
£ ( 1 0 0 ) ( 1 % ) ( ^ 

£(100)(l%)(||y-'^ 
1 

394 5 
£(100)(l%)(g7j 

£ ( 1 0 1 ) ( ^ ) = £ 

= £1.0454 

= £1.0872 

= £1.0969 

= £1.1326 

= £1.1531 

= £1.1831 

= £1.2110 

= £1.2646 

= £1.2780 

= £1.2949 

= £1.3278 

36.5251^ 

^January 1974 RPI = 100 

^Out of the £101, £100 is the principal, £1 is the last coupon before adjustment. 

29 



adds one more month lag. Another month is needed to allow for delays of the RPI 

calculation, or any other incident. Altogether, an eight-month lag is required to ascertain 

that the accmed interest is known at the time of transaction. 

The eight-month lag compUcates the price behavior of the index-Unked gilt. 

Equation (2.5) is the valuation model for the British index-linked gilts. 

RPL RPI t 
base RPI base RPI (1+n) 

RPI t 
base RPI 

(1+n) 
f-f-1 

ILG (1+R) 
(l+R) (1+R)' 

RPIt f+n-2 RPI 
^ (l-hH) FV base RPI base RPI ' (1+n)'^"-' 

(1+R) n (1+R) n 

RPL 
base RPI [ 

(1+R) L 

RPIj 
(1+n) 

f-Hn-2 

RPI c j=l (l+R^ (1+R) 
n-1 ] 

RPIc 
base RPI [^ + ^^t 

(1-Hr)(l-Hn) *• ^Pi Vf(i FV 

c (I-HH) " j=l (l-hr^ (1-hr) 
'^)l (2.5) 

All notations are used in the same way as before. The new ones are defined below: 

ILG 

base RPI 

RPL 

price of the British index-linked gilt with lagged inflation adjustment 

the retail prices index eight months before the bond issuance 

the retail prices index used to determine the amount of the next coupon 

payment 

: the fraction of the semi-annual period from RPIt to RPIQ+I. where RPIQ+I is 

the RPI six month after RPIc-
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Equation (2.5) demonstrates how the price of the British index-linked gilt can be 

determined, given the nominal interest rate R and a constant expected inflation, 11, both of 

which are assumed to be exogenously determined. If the Fisher Effect holds, the nominal 

rate R can be replaced by real rate r and expected inflation II, so that the price of index-

linked gUt wiU depend on r and II. The reinvestment rate in equation (2.5) is assumed to 

be the nominal interest rate R. This reinvestment assumption is subject to the same 

criticism held for the nominal bond valuation model, in that the interim coupon payments 

may not be able to be reinvested at the nominal rate R. However, the reinvestment risk of 

index-linked gilt is somewhat different from that of nominal bond, or conventional gUt. It 

was shown earUer in this section that the reinvestment risk of a nominal bond is a direct 

function of the volatiUty of the nominal interest rates prevailed throughout the Ufe of the 

bond. For index-linked gilt holders, on the other hand, if all the coupon payments are 

reinvested in the same index-linked gilt, the volatility of reinvestment retums will mainly 

depend on the volatiUty of real interest rates prevailing throughout the life of the index-

linked gUt, since most of future inflation is guaranteed to be compensated. This should be 

less than that observed from nominal bonds. 

To compare equation (2.5) with equation (2.4), the first thing noticed is that the 

expected future inflation cannot be canceled out in equation (2.5). In order to determine the 

price of the index-linked gilt, the investor must assume some constant future inflation rate. 

Since the expected inflation enters the valuation model, the price behavior of index-Unked 

gilts becomes more complicated. First, the prediction error of future inflation will affect the 

price. If the realized inflation is greater tiian expected inflation, holding otiier things 

constant, then the price wiU increase because tiie inflation adjustment factor becomes larger 

tiian expected. Another complication comes from the fact that investors modify their 

expectations about future inflation. If the expected inflation increases, it is obvious from 

equation (2.5) that tiie price wiU drop. The lagged adjustinent is tiie reason for tiie price 
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drop. The increase of inflationary expectation cannot increase the next coupon payment, 

which is already determined by the RPI eight months before the next coupon date, but wUl 

increase the discount rate. The two other factors that affect the price of the index-linked gilt 

with lagged inflation adjustment are exactiy the same as those that affect the price of 

contemporaneously adjusted indexed bonds discussed above in Section 2.3.2. The price is 

inversely related with the ex ante real retum, and rises as actual inflation occurs. 

In summary, the price of the index-linked gilt is affected by the foUowing variables. 

1. The index-linked gilt price wUl drop as the expected future inflation increases due to the 

lagged adjustment effect. 

2. The index-Unked gilt price wiU rise as actual inflation occurs because of the 

compensation for inflation. 

3. If the actual inflation tums out to be greater than expected, the index-Unked gilt price 

will increase because the compensation for inflation is more than expected. 

4. The index-linked gilt price is inversely related to the ex ante real rate. 

It is helpful to summarize the price behavior of the index-Unked gilt at this point of 

time, because one of the empirical tests that is performed in this dissertation regarding the 

informational efficiency of tiie British index-linked gilt market is based on tiie theoretical 

relationship between the index-linked gUt price and the actual inflation rate discussed 

above. Briefly speaking, if the announced RPI is higher tiian expected and the market is 

efficient, the index-Unked gUt price should rise immediately after the announcement of the 

most recent RPI, assuming expected future inflation does not change. A detailed theoretical 

model is derived in Section 3.2. 

The lag effect not only complicates the price behavior of the British index-Unked 

gilt, but also creates real value uncertainty to investors. If holding to maturity and ignoring 

the reinvestment risk of the coupon payments, investors of nominal govemment bonds are 

guaranteed nominal value certainty in tiie sense that all future cash inflows are fixed in 
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terms of nominal value. These investors, however, are exposed to real value uncertainty 

due to the inflation risk. As opposed to the nominal govemment bonds, the indexed 

govemment bonds provide investors real value certainty, whUe the nominal value is 

uncertain, assuming contemporaneous inflation adjustment. 1̂  Investors of the British 

index-linked gilts, unlike both the nominal and indexed bonds discussed above, are 

exposed to both nominal value uncertainty and real value uncertainty, although their real 

value uncertainties will be less than that of nominal bondholders. 

There are three major sources for real value uncertainty. First, the next coupon 

payment is determined by past inflation rates, not the inflation rate from now to the next 

coupon payment date, which is the relevant inflation risk to which investors are exposed. 

Second, the redemption value is determined by the inflation rate eight months before 

issuance to eight months before maturity, instead of inflation from issuance to maturity. In 

other words, the last eight months of the Ufe of the index-linked gilt are imperfectiy 

protected, unless the inflation rate of the last eight months is the same as that of the eight-

month period right before issuance. Third, the reinvestment retums are uncertain in terms 

of both nominal value and real value. 

In Table 2.4, the total dollar retums of the British index-linked gilt are decomposed 

into three parts: redemption value, total coupon payments, and reinvestment retums. 

Calculations are made for a hypotiietical long-term (30-year) index-linked gilt and a short-

term (5-year) index-linked gilt. The redemption value is equal to £100 (l-i-H)", where 

£100 is the principal, II is the semi-annual inflation rate, and n is the number of six 

months' periods from issuance to maturity. The inflation rate is assumed to be constant 

16 Strictiy speaking, indexed bonds can not provide real value certainty due to 
reinvestinent risk, which however is usually assumed away in the Uterature; e.g., see 
Samat (1973), Fischer (1975), and Siegel and Wamer (1977). In the following discussion 
of the British index-linked gilt, reinvestment risk will be explicitiy considered in order to 
sti-engtiien the concluding argument, based on which an empirical test will be proposed in 
Chapter HI. 

33 



Table 2.4 
Decomposition of Total Dollar Retums of British Index-Linked Gilt 

=1%. n=60. 30-year index-linked gilt 

n 
1% 

2 

3 

4 

5 

Redemption 
Value 

£182 (55%) 

328 (55%) 

589 (55%) 

1052 (55%) 

1868 (55%) 

Total Coupon 
Pavments 

£82 (25%) 

116 (20%) 

168 (16%) 

248 (13%) 

371 (11%) 

Reinvestment 
Retums 

£65 (20%) 

150 (25%) 

309 (29%) 

601 (32%) 

1131(34%) 

Total Dollar Retums 

£329 (100%) 

594 (100%) 

1066 (100%) 

1901 (100%) 

3370 (100%) 

B. r=l%. n=10. 5-vear index-linked giU 

n 
Redemption 

Value 

1% £110 (90%) 

2 122 (90%) 

3 134 (91%) 

4 148 (91%) 

5 163 (91%) 

Total Coupon 
Pavments 

£11 (9%) 

11 (8%) 

12 (8%) 

12 (7%) 

13 (7%) 

Reinvestment 
Retums 

£1 (1%) 

2 

2 

3 

4 

(2%) 

(1%) 

(2%) 

(2%) 

Total Dollar Retums 

£122 (100%) 

135 (100%) 

148 (100%) 

163 (100%) 

180 (100%) 

Note: r is the semi-annual coupon rate, II is the semi-annual inflation rate, and n is the number of six 
months' periods from issuance until maturity. Numbers in parentheses are percentages in terms of 
total dollar retums. 

34 



from eight months before issuance until maturity. Coupons are paid every six months at 

the amount of (£100) (r), where r is the semi-annual real coupon rate. In Table 2.4, r is 

assumed to be 1%, because most index-linked gilts bear an annual coupon rate either 2% or 

2.5%, as shown in Table 2.1. The index-linked gilts chosen for empirical tests in Chapter 
n 

IV also have either 2% or 2.5% coupon rates. The total coupon payments are equal to X 

j=l 

(£100) (r) (1-i-n). All the interim coupon payments are assumed to be reinvested at the rate 

r-i-n, semi-annually compounded. In other words, investors will reinvest all the interim 

coupon payments on the same index-linked gilt. The total reinvestment retums are equal to 
n J n-i 
X (£100) (r) (1+n) (1-i-r-i-n) subti-acted by the total coupon payments. 

j=l 

Index-Unked gilts exhibit different combination in total dollar retums from that of 

the nominal bond. Footnote 12 shows that for a 30-year nominal bond with 7% coupon 

rate, the proportions of redemption value, total coupon payments, and reinvestment retums 

in total dollar retums are 12%, 27%, and 61%. However, for the index-linked gilt, the 

redemption value is always the largest part of total dollar retums, as shown in Table 2.4. 

There are two reasons for this phenomenon. First, the redemption value is scaled up by the 

inflation rate from eight months before issuance to eight months before maturity. For 

instance, at a 3% semi-annual inflation rate, a £100 principal wiU be scaled up to £589 at 

the maturity date for a 30-year index-linked gilt. Second, most index-linked gilts bear 

fairly low coupon rates, either 2% or 2.5%. Therefore, the total coupon payments, and 

hence the reinvestment retums, are smaller portions in the total dollar retums. 

For a 5-year index-linked gilt, the redemption value accounts for approximately 

90% of total dollar retums. Investors of such securities are exposed to relatively high 

inflation risk. Since approximately 90% of tiie total dollar retums will be paid on the 

maturity date, a big inflation shock in the last eight months before maturity could severely 

reduce an investors' real retum. 
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For a 30-year index-linked gilt, the real value uncertainty is negUgible if the security 

is held until maturity. The uncertainties embedded in total coupon payments and 

reinvestment retums are very small. The uncertainty of total coupon payments lies in the 

lagged inflation adjustment. The coupon payments are indexed to past inflation rates; as a 

result, investors are not compensated for current inflation rates, and hence exposed to 

inflation risk to some extent. However, the inflation rate fluctuates over time. In some 

periods, investors gain more purchasing power from the coupon payments, due to a drop 

in the inflation rate; in some other periods, investors lose purchasing power, due to a rise in 

the inflation rate. Since the gain and loss tend to offset each other over time, the net impact 

of the inflation uncertainty on the coupon payments should be negligible for a 30-year 

index-linked gilt. A similar argument can be applied to reinvestment retums; i.e., the net 

reinvestment risk should be negligible over a long period of time. For a 30-year index-

linked gilt, the redemption value is still the biggest portion in total dollar retums, so the 

uncertainty of redemption value should bear a greater weight in determining the total real 

value uncertainty. The uncertainty of redemption value is caused by the uncertain inflation 

rate in the last eight months before maturity, which is a one-time shot and will not be offset 

over time. Thus, the uncertainty of redemption value should outweigh the other two 

uncertainties discussed above in determining the total real value uncertainty of a long-term 

index-linked gilt. However, since the redemption value is paid far in the future, its 

uncertainty should be negligible in terms of its present value. Overall, the long-term index-

linked gilt is exposed to very small real value uncertainty. 1̂  

Comparing the impact of the above mentioned three sources of real value 

uncertainty on index-linked gUts, tiie redemption value factor is more important than the 

17 This argument applies to long-term investors only. For short-term investors, the 
price risk and reinvestinent risk of long-term index-linked gilt may be higher than tiiose of 
short-term index-linked gilt, because the former has a much higher duration than the latter. 
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other two factors. This is because that most index-linked gilts have relatively low coupon 

rates, the majority being either 2% or 2.5%, with the highest 4.625%. For an index-linked 

gilt with 2% coupon rate and £100 par value, the semi-aimual coupon payment is only £1 

before inflation adjustment. It is shown in Table 2.4 that the redemption value is a big 

portion of the total money retum, especially for short-term index-linked gilts. In fact, there 

is a certain relationship between the length of the gilt's life and the proportion of the 

redemption value in the total money return; that is, the longer the gUt's maturity is, the 

smaller is the proportion of the redemption value in the total retum. The above argument 

leads to the following conclusion. Short-term index-linked gilts are exposed to a higher 

degree of real value uncertainty than long-term index-linked gilts. The shorter term the 

index-linked gilt is, the more uncertain its real value will be. To put it another way, the 

very short-term index-linked gilt is very similar to the conventional gilt in terms of the real 

value uncertainty. In fact, in the last six months of trading, an index-linked gilt is 

equivalent to a nominal security. As maturity lengthens, the redemption value becomes a 

smaller portion in the total retum, and the degree of real value uncertainty becomes lower. 

The very long-term index-Unked gilt behaves more like contemporaneously adjusted 

indexed bonds in terms of tiie real value uncertainty. 

Real value uncertainty refers to the uncertainty of the ex post real retum. The 

magnitude of uncertainty can be measured by tiie average deviation of tiie ex post real 

retums from the promised real retum and the spread of the ex post real retums, assuming a 

wide variety of future inflation rates over the life of tiie gilt. However, there exists one 

difficulty in obtaining such a measure. In order to estimate the deviations, a complete 

specification of all the future monthly inflation rates must be assumed, as well as the 

average inflation rate, because of the lag effect.l8 j ^ o index-linked gilts with tiie same 

18 Equation (2.5) is a simpUfied version of bond price valuation model. A more 
compUcated model can assume time varying semi-annual expected inflation over tiie Ufe of 
the index-linked gilts. In the complicated model, the pattem of tiie expected inflation is 



average future inflation rate, but different pattem of monthly inflation rates, will have 

different present values. The one assuming relatively high inflation in the near future and 

low inflation in the far future wiU have a higher present value than the one with an opposite 

inflation pattem, because of the time value of money and the lagged inflation adjustment. 

A numerical example will demonstrate the point discussed above more clearly. 

Bootle (1985) assumes a hypothetical four-year indexed bond issued at par, paying a 2% 

annual coupon. The coupons are paid once a year, with one-year lagged adjustment to 

inflation. Two scenarios are compared. The inflation rate one year before issuance is 

assumed to be 20% for both scenarios. The inflation adjustment factor is thus (1+20%) for 

the first coupon payment. The annual inflation rates over the life of the indexed bonds are 

10%, 10%, 10%, 20% in the first case, and 10%, 10%, 20%, 10% in the second case. 

The average inflation rates are the same, 12.419%, in both cases, but the ex post real yields 

over four years are far different from each other. 

Equations (2.6) and (2.7) specify the formulas used to calculate the ex post real 

yield for the first case and the second case separately, where y represents the geometiic 

average annual real yield. 

_(2)(1.2) (2)(1.2)(1.1) , (2)(1.2)(1.1)(1.1) , 
^ ^ (l+y)(l.l) (l+y)2(l.l)(Ll) (l+y)3(l.l)(l.l)(l.l) 

(102)(1.2)(1.1)(1.1)(1.1) (2.6) 

( l+y)\l . l )( l- l)( i . l )( i-2) ' 

• • , . _ J 2 V L 2 ) ^ (2)(1.2)(1.1) , (2)(1.2)(1.1)(1.1) ^ 
^""" ( l+y) ( l . l ) (l+y)2(l.l)(l.l) (l+y)3(l.l)(l.l)(1.2) 

a02)(1.2Kl.l)(l.l)(1.2) (2.7) 
(l+y)4(l.l)(l.l)(1.2)(l.l)' 

important in terms of determining the price. 
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The reinvestment rate is assumed to be (l+y)(l+ n-th year inflation rate) for the n-th year. 

For example, in equation (2.6), the present value of the fourth cash inflow is assumed to be 

annually compounded at the rate (l+y)(l.l) for the first three years and (l+y)(1.2) for the 

fourth year. The ex post real yield, given the inflation pattems, is 2.14% in the first case 

and 4.27% in the second case. The huge difference is the result from simply reversing the 

inflation rates in the third and the fourth years. 

The above numerical example shows the significant impact of lagged inflation 

adjustment on real value uncertainty. It also shows how inflation pattems assumed could 

affect the result. Of course, to change the assumed current market price would also change 

the result. 

Although real value uncertainty is difficult to measure, Bootle (1985) stiU tries to 

compare the degree of real value uncertainty between short-term and long-term indexed 

bonds under certain assumptions concerning future inflation. For the short-term bonds, he 

expands the two scenarios in the above example into ten scenarios. The ex post real retums 

range from -0.47% to 4.39%. The impact of lagged inflation adjustment on the short-term 

bond is huge. The short indexed bonds, similar to conventional nominal bonds, do not 

provide good protection against inflation for investors. In the example of a long-term 

indexed bond, Bootle uses a hypothetical bond with twenty-one years to maturity. The ex 

post real yields fluctuate within a very small range, 2.53% to 2.23%, for assumed average 

future inflation rates ranging from 5% to 15%. The impact of lagged inflation adjustment 

on long-term indexed bonds is much smaller than on short-term indexed bonds. 

This subsection presented a pricing formula of the British index-linked gilt. As 

compared with the contemporaneous inflation-linked bond, the lagged inflation adjustment 

not only compUcates the price behavior of the index-Unked gilt, but also creates real value 

uncertainty. These two features of the index-linked gilts are discussed in great detail 

because they are the underpinnings of the theoretical models developed in Chapter EI. 
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2.3.4 Empirical Studies - Estimates of the Ex Ante Real Rate 

Empirical studies about British index-linked gilts market can be classified into three 

categories. The first group of papers are concemed with correctiy calculating the ex ante 

real retums of the index-Unked gilts, given the lagged inflation adjustment, and the 

stochastic properties of the derived real retums. The second category is focused on the 

existence of an inflation risk premium required by the holders of conventional gilts. The 

premium was difficult to measure before tiie tirading of index-linked gilts. Index-linked 

securities, however, provide a benchmark retum without, or with minimal, inflation risk 

premium. Reviews of the studies on this topic are done in the next section. The last 

section of this chapter examines the informational efficiency of the index-Unked gilts 

market, which is the third category of the empirical studies. 

Two reasons explain why the ex ante real retums on index-linked gilts has attracted 

attention in the literature. First, since one of the main purposes of issuing index-linked 

gilts is to protect investors against inflation, it is natural that the real retum on this particular 

security is of interest. Second, the ex ante real interest rate is one of the major variables 

that interest researchers in the areas of macroeconomics and finance. For example, the ex 

ante real interest rate has been modelled as the most important explanatory variable of the 

private sector's investment behavior in macroeconomics, and it is also a key variable in tiie 

famous Fisher Effect in Finance. Since the ex ante real retum is not observable from 

existing financial products, most empirical works have used various proxies, e.g., realized 

real retum, real retum derived from time series technique; or taking tiie difference between 

the nominal interest rate and the survey based expected inflation rate. 19 If a good 

methodology can be developed to overcome the impact of tiie lagged adjustment effect, tiie 

index-Unked gilts can provide us with a better estimate of the ex ante real interest rate than 

19 Gaske (1989) has a detailed discussion about the econometric problem which 
resulted from using real retum proxies. 
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those proxies that have appeared in the Uterature, since the cash flows of the index-Unked 

gilts adjust with inflation. 

Although the index-Unked gilts can only provide estimates of the real interest rate in 

the U.K., scholars of the U.S. remain interested as demonstrated by the following passage 

cited from a recent article by economist Robert Barro in the Wall Street Joumal: 

The problem is that reliable direct estimates of long-term inflationary 
expectation do not exist for the U.S. ... U. K. government issues indexed 
bonds,... and the prices of these bonds provide direct information about real 
interest rates.... If the long-term real rate in the U.S. is similar to that in the 
U.K., then the difference between the 30-year U.S. govemment bond yield 
and the U.K. real rate provides a rough estimate of long-term expected 
inflation in the U.S. (Wall Street Joumal. August 19, 1994, P. AlO) 

The Financial Times publishes two real yields every day for each outstanding 

index-linked gilt based on the assumption of 5% and 10% expected inflation rates (7% and 

10%, before January 1984). Equation (2.5) is the price valuation model for the index-

linked gilt. Given the current market price, there are two unknowns in that equation, semi-

armual expected inflation and ex ante real rate. The latter can be obtained by assuming 

some value for expected future inflation, or vice versa. The drawback, of course, is that 

the estimated real rate varies for different expected inflation. 

The Central Statistical Office calculates the real yield based on the RPI eight months 

before the settiement date (Woodward, 1990). This type of methodology is suggested and 

proved in detail by Bootie (1985). Bootie provides the formula for the real yield calculation 

as follows: 

base RPI 1 (^p . "̂ ^ C FV \ 
ILG RPIs - ( l+r )V -i(^^^y (i^^^i 

where RPIg represents the RPI eight months before the settlement date, and aU the other 

notations are used as before. In equation (2.5), if we assume 
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1-f RPIt RPL 
(1+n) =gpi- and a+n)=gpj^, 

^ s 

then the equation can be re-written as 

RPL RPL r n-l 
ILG-(i^ , ) ( l^n) RPIs base RPI L^ + . I ^^^^y ^ ^^^^^n-lJ- (2-9) 

RPIc RPL 
After canceUing out^pp and (l+H), and moving, T>pT to the left hand side, equation 

(2.9) is exactiy the same as equation (2.8). The assumptions used above in the derivation 
1-f RPIt 

can be explained verbally. The first assumption, (l+H) = Kpj- says that the reaUzed 

inflation rate from the reference RPI for the next coupon payment to the most current RPI is 

equal to the average expected inflation over the life of the gilt.20 The second assumption, 
RPL 

(1+n) = ppj , means that the realized inflation rate eight months prior to the settiement 

date to the reference RPI for the next coupon payment is also equal to the expected future 

inflation. Together, the two assumptions require that the annuaUzed actual inflation rate is 

equal to the aimualized expected future inflation.2l The advantage of equation (2.8) is that 

all the variables on the left hand side are directly observable, thus the equation tums out to 

be the normaUy seen bond yield to maturity formula with the ex ante real rate as the only 

unknown. The shortcoming of this approach is that although expected inflation does not 

20 The months covered from RPI^ to RPÎ  as a fraction of six months is always 
equal to (1-f). 

21 RPIj could be the RPI one month or two months ago, depending on when the 
settiement date is. The detail of RPI announcement date will be discussed in Section 2.5 of 
this chapter. When RPÎ  represents the RPI two months prior to the settlement date, then 
Bootle's assumption is that the reaUzed semi-annual inflation rate eight montiis to two 
months prior to the present is equal to the expected inflation rate over the life of the gilt. 
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have to be expUcitiy assumed, an impUcit assumption is still required. As demonsti-ated 

above, equation (2.8) assumes that tiie long-mn expected inflation U is equal to, and varies 
RPI 

one-by-one along with, the recent short-term acttial inflation rate (^^ - 1). This 

assumption is not very convincing. An increase in the short-term inflation rate, due to 

some shock, may not change market investors' inflationary expectations over the next thirty 

years. Short-term inflation rates usually are more volatile than the long-term inflation rates. 

Therefore, the real yields obtained by this methodology would be more volatile than those 

published by the Financial Times, holding others constant. 

van der Ploeg (1984) suggests the short-term investors calculate their expected real 

retum based on time varying inflation forecasts, instead of constant expected inflation 

throughout the Ufe of the gilt. It is weU known that in the commonly employed bond 

valuation model, the constant discount rate is a strong, but usuaUy inevitable, assumption. 

There is no objection that bond prices can be better estimated if investors possess more 

information about the time varying discount rate and utilize this information in the 

derivation of the bond price. In the case of equation (2.5), the valuation of an index-linked 

gilt, it is tme that a better estimate of the real rate could be obtained if investors have more 

reliable information about fumre inflation. Since the London Business School publishes 

armual inflation forecast for the next three years, van der Ploeg argues that a better estimate 

of holding period real retum for investment horizon no more than three years can be 

obtained by using those inflation forecasts. 

A problem exists in van der Ploeg's derivation of the holding period expected real 

retum. Equation (2.5) is the formula he uses. The coupon payments for the next three 

years can be easily estimated given the inflation forecasts. The problem arises from the fact 

that there is no index-linked gilt maturing in three years in the market. Investors have to 

purchase a longer-term index-linked gilt in the beginning and then sell it three years later. 

van der Ploeg estimates the selling price by multiplying the par value £100 by the ratio of 
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RPI eight months before the sale of the gilt to the base RPI, the same way as estimating tiie 

last coupon payment. It seems to be a better way to ti-eat the selling price as tiie present 

value of the discounted cash flows for the rest of the life of the index-linked gilt. By doing 

so, of course, a constant expected inflation assumption beyond the fu^t three years is stiU 

required. Furthermore, the ex ante real rate for the rest of tiie Ufe of the index-linked gUt on 

hand must also be assumed. It is obvious that the estimate of the seUing price is 

problematic. Unfortunately, the estimate is a very big portion in the total dollar retum for 

such a short-term investment, and therefore is very influential in determining the three-year 

holding period real retum. 

Arak and Kreicher (1985) provide a technique to estimate the real interest rate and 

the expected inflation simultaneously by using the information from both the index-linked 

and conventional gilts. Starting from equation (2.5) in this chapter, they generate 121 

prices for index-linked gilts given certain combinations of the expected inflation rate, 

ranging from 0.05 to 0.15 in increments of 0.01, and the ex ante real rate, ranging from 0 

to 0.05 in increments of 0.005. Using the generated data, they regress the log price 

ln(P ^) on expected inflation II and expected real retum r, and obtain 

In(Pjĵ Q) = 4.86731 - 0.632847n - 13.1958r. (2.10) 

Equation (2.10), they argue, specifies the "theoretical" relationship between the index-

linked gilt's price and the two explanatory variables in the relevant range.22 To combine 

equation (2.10) with the Fisher Effect R = r + n, the two variables r and II can be solved 

22 One mistake made by Arak and Kreicher, and pointed out by Woodward (1988), 
should be mentioned here. The base RPI for the British index-Unked gUt should be the RPI 
eight months before the issuance. In their paper, Arak and Kreicher mistakenly use the 
RPI of the month of issuance as the base RPI. 
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simultaneously because both tiie price of the index-linked gilt and the nominal interest rate 

of the conventional gilt R are observable.23 

Gaske (1989) and Woodward (1988,1990) separately improved the methodology 

suggested by Arak and Kreicher. The three methodologies are discussed together below 

because they are based on the same line of logic. 

Gaske's methodology is based on equation (2.5), the valuation model of the index-

linked gilt developed in the previous subsection of this dissertation. Part of equation (2.5) 

is reproduced here. 

RPIc 

ILG (l+r)(l+n) *- RP^c (1+n)^ j=l (l+r^ (1+r)" 

Equation (2.5 A) specifies the price of index-Unked gUt as a function of two unknowns, 

expected inflation and ex ante real rate. The nominal bond valuation model, equation (2.1), 

and the Fisher relation, equation (2.3), are also reproduced here: 

> _ l_C_^JFV_ (2.1) 

^ ' j = l ( l + R y (1+R)" 

(1+R) = (l+r)(l+n). (2-3) 

Combining these two equations, one obtains 

n c FV (2.11) 

23 When the Fisher Effect is expressed as R = r + H, all the variables should be 
continuously compounded. 
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Equation (2.5 A) and equation (2.11) form a system of two nonlinear equations in two 

unknowns, which can be solved by using an iterative procedure. Gaske's methodology is 

an improvement over that suggested by Arak and Kreicher in the sense that errors tiiat 

could possibly resuh from Unear approximation, equation (2.10), are avoided. 

Woodward (1990) simpUfies Arak and Kreicher's methodology in a different way. 

He directiy replaces all the (l+II) term in equation (2.5) b y - T T ^ , and obtains 

RPIc 
_ base RPI [ - R P I t 1 /"_l C FV >i-| 

ÎLG- (1+R) l^-RPl,^^^^^^^-^^)l (2-12) 

In equation (2.12), the only unknown is the ex ante real rate; since the expected inflation is 

replaced by the difference between the nominal interest rate and the real interest rate, the 

former is observable. The ex ante real rate can be obtained by plugging in the nominal 

interest rate of the conventional gilt with the same maturity. 

There is no difference between Gaske's and Woodward's methodology except the 

format. They both should produce the same result using the same raw data.24 The 

discussion below about the advantages and disadvantages of these two methodologies is 

mainly based on Woodward's formula (equation (2.12)), since it is simpler. 

The major advantage of this methodology is that the market expectation about future 

inflation is directly built into the model by using the nominal interest rate on conventional 

24 Unfortunately, Gaske (1989) and Woodward (1990) obtain different results 
when estimating the real interest rates of the same index-linked gilt, ILG 2% 1996. They 
both match the index-linked gilt with a conventional gilt matured in 1996, but the two 
conventional gilts bear different coupon rates. For the sample period March 1982 to 
Febmary 1988, Gaske finds the real rates fluctuating within the range of 2.22% to 4.19%, 
with an average 3.44%. Woodward finds much high real rates for the period 1982 n to 
1988 I, a range of 4.87% to 7.11%, with an average 5.84%. There are two possible 
explanations for this discrepancy. The first one is because of the different coupon rates on 
the conventional gilt. However, this effect is very minor, as will be shown below in the 
text. Another possibility is the data error in one of the studies. 
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gilt witti tiie same mattirity data. Any change in tiie expected ftittire inflation wiU be 

reflected in the valuation model, equation (2.12), as long as tiie change is reflected on tiie 

nominal interest rate. In otiier words, tiie model always updates tiie long-term inflationary 

expectation held by the market investors. The formula suggested by Bootie, equation 

(2.8), also keeps changing the expected inflation, which, however, is equal to the most 

recent short-term realized inflation rate. If tiie Fisher relationship is vaUd and inflation is 

variable, the superiority of Woodward's methodology over Bootie's is obvious. 

Although Woodward's methodology is more reasonable than the others, its validity 

still relies on whether the Fisher Effect holds, which unplies the foUowing two conditions 

to be met. 

1. The expected future inflation will be reflected on the nominal interest rate on one-to-one 

basis. 

2. The nominal interest rate is composed of the ex ante real interest rate and the expected 

inflation, i.e., (1+R) = (l+r)(l+n); there is nothing else on the right hand side of the 

equation. This is controversial because some people would argue for the existence of 

inflation risk premium embodied in the nominal interest rate, which is stiU an unsettied 

issue. Further detailed discussion of the inflation risk premium in the British gilts 

market is presented in the next section. 

Another weakness of Woodward's methodology, and Gaske's as well, is worth 

some discussion. All the coupon payments of the conventional gilts are subject to ordinary 

income tax. At market equilibrium, two conventional gilts that are the same in all aspects 

except the coupon rate should have the same after tax yield, and hence different before tax 

yield. Based on this argument, the pre-tax yield to maturity tends to be lower for low 

coupon gilts than that of comparable gilts with high coupon rates, since the tax liability is 

lower for the former.25 When applying Woodward's methodology, using two 

25 The capital gains effect is not considered here because, as mentioned earlier in 
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conventional gihs with the same maturity but different coupon rates should result in two 

different real interest rates series because the two conventional gilts may have different pre

tax yield and Woodward's estimates are on before tax basis.26 A unique real interest rate is 

not obtainable, because the estimated real interest rate becomes a function of the coupon 

rate borne on the matching conventional gilt. 

However, this is not a serious problem, especially for longer-term index-linked 

gilts. Table 2.5 is the simulation result of equation (2.12), which is the formula employed 

by Woodward (1990, p.383, equation(4)). The values of all the variables, except the 

nominal interest rate R and the real interest rate r, are fixed. RPÎ , the most current RPI, is 

assumed to be the RPI one month prior to the settiement date. The settiement date is 

assumed to be the day following the coupon payment date, which makes f equal 5/6. In the 

table, ten different semi-armual nominal interest rates from 1% to 10% are plugged in, and 

the real interest rates are calculated accordingly. The semi-annual expected inflation rates 

1+R 

are obtained by (rrr~) -1- The results are presented for both long-term (n=60) and short-

term (n=8) index-Unked gilts. Several different scenarios have been examined, but not 

presented, because the results are similar. Several observations result from this table: 

1. Changing the nominal yield does not change the real yield very much, especiaUy for the 

longer-term index-linked gilt. The semi-annual real interest rate only changes by 

0.03% for a 1% change in the semi-annual nominal interest rate, for an index-linked gilt 

with approximately 30 years to maturity (n=60). Of course the result will be somewhat 

different when the given values (e.g., RPI and market price) are changed, but the 

the text, capital gains tax on conventional gilts before 1986 were exempt if held for more 
than one year. After 1986, the capital gains are not taxed at all. 

26 In his paper. Woodward (1990) also estimates the after-tax real interest rate. It is 
well known that the measure of after-tax bond yield to maturity is problematic because the 
future tax rate must be assumed at some certain level, while in reaUty tiie tax rate is 
changing all the time. Woodward's measure of after tax real interest rate is subject to the 
same criticism, and hence not introduced in the text. 
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Table 2.5 
Simulation Result of Equation (2.12) 

RPL 

P = 
ILG 

base RPI [ 
(1+R) L c + 

RPI t 
RPL ,1+R 

FV 

C ( ^ J=l (1+ry (1+r) 
y] 

base RPI = 297.1 

PlLG= ^110 

f=5/6 

^ 

1% 

2 

3 

4 

5 

6 

7 

8 

9 

10 

RPIc =323 
FV = £100 

J: 

1.05% 

1.02 

1.00 

0.97 

0.95 

0.92 

0.90 

0.87 

0.85 

0.83 

n = 60 

RPIj = 335 
C = £l 

JI 

-0.05% 

0.97 

1.98 

3.00 

4.01 

5.03 

6.04 

7.07 

8.08 

9.09 

n = 

X 

1.37% 

1.19 

1.01 

0.84 

0.67 

0.50 

0.33 

0.17 

0.01 

0.00 

8 

n 
-0.36% 

0.80 

1.97 

3.13 

4.30 

5.47 

6.65 

7.82 

8.99 

10.00 

R : semi-annual nominal interest rate 

r : semi-annual real interest rate 

n : semi-annual expected inflation 
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difference is very subtie. This simulation shows that tiie coupon effect does not hurt 

Woodward's metiiodology very much when estimating longer-term index-linked 

gilts.27 

2. Although tiie coupon effect does not affect tiie real yield very much, it does affect tiie 

measure of expected inflation. As a matter of fact, tiie relationship between the change 

of nominal yield and the change of inflation is almost one-to-one in the case of the 

longer-term index-Unked gUt. This is worth noting because one of the main purposes 

of estimating the ex ante real interest rate from the index-linked gilt, or indexed bonds 

in countiies other than the U.K., is to obtain a more reliable expected future inflation 

estimate. However, we can see from the simulation result that the measured expected 

inflation is very sensitive to the coupon rate, and hence the before tax nominal yield, of 

the matching conventional gUt. Plugging different conventional gilts in equation (12) 

will result in different expected inflation measures. This suggests that Woodward's 

methodology is not a good measure of expected inflation. 

3. The reason the real yield drops when the nominal yield rises is because the estimates of 

the real rate and expected inflation in Woodward's methodology are not independent 

from each other. The rise of the nominal rate wiU cause a corresponding rise in the 

expected inflation. As discussed before, the price of the index-linked gilt wiU drop 

when expected inflation rises. Since the price is controlled to be constant in the 

simulation, the real yield must drop to recover the equality on both sides of the 

discounted cash flow formula. This adjustment process explains why both the real 

yield and the expected inflation are more sensitive to the change of nominal yield for the 

shorter-term index-linked gilt. The price of the short-term index-linked gUt responds 

27 This is the reason why it is argued in footnote 20 that the different results 
between Gaske and Woodward may not be all attributed to the different conventional gilts 
they chose. 
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more to tiie change of futtire expected inflation tiian tiiat of tiie long-term index-Unked 

gilt, and therefore tiie real yield must make more adjustinent for tiie short-term tiian tiie 

long-term index-linked gilt. 

In summary, there exist two approaches to estimate ex ante real retums based on 

index-linked gilts. The fu-st approach extracts the real remms from index-Unked gilts with 

some assumed expected inflation. Examples include the methodology adopted by the 

Financial Times, which plugs in 7% and 10% expected inflation into the valuation model of 

index-linked gih (equation (2.5)), and the methodology suggested by Bootie (equation 

(2.8)), which aUows a time varying expected future inflation equal to recent short-term 

actual inflation. This approach is subject to the criticism that the expected inflation may not 

be accurate. The second approach, as represented by Woodward's methodology, utUizes 

the information contained in the conventional gilt yield about expected inflation (assuming 

the Fisher Effect) to avoid making any direct assumption about expected future inflation. 

By doing so, this methodology updates the expected inflation held by the market investors 

continuously. One discouraging conclusion that can be made is that more reliable expected 

inflation is not obtainable from the index-Unked gilts market. It is obvious that expected 

inflation carmot be estimated by taking the difference of the nominal interest rate and the 

real interest rate obtained by the fu-st approach, in which the expected inflation is already 

assumed at some certain level. The second approach also does not provide a good measure 

of expected inflation, which as demonstrated above, is very sensitive to the coupon rate of 

the matching conventional gilt. 

Some authors are interested in the characteristics of the real interest rates. Wilcox 

(1985) is interested in the determinants of the long-term ex ante real interest rate. The 

statistical methodology he used is multiple regression with correction for autocorrelation. 

The endogenous variable is the real interest rate of ILG 2% 1996 published by the Centi-al 
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Statistical Office.28 Three out of the five exogenous variables are significant, including tiie 

leading economic indicators as the proxy of exogenous spending, tiie monetary base, and 

the oil price deflated by the RPI as the proxy of real supply shock. He then performs a 

non-nested test to explore whether the income tax matters in the determination of real 

interest rate. The latter test is inconclusive. 

The results of tiiis paper should be interpreted with caution. Wilcox did not test the 

stationarity of the variables. At least some of the variables used in the regression model 

may be nonstationary, which would cause the spurious regression problem pointed out by 

Granger and Newbold (1974). 

As to tiie tax rate, WUcox used the marginal tax rate of a married couple for every 

year over his sample period, 1981 through 1984. As noted by Wilcox himself, the relevant 

tax rate might be the tax rates expected over the life of the index-linked gilt under study, not 

the current realized annual tax rate. 

Gaske (1989) is also interested in the sources of fluctuation of the long-term ex ante 

real interest rate. Like Wilcox, she uses the ILG 2% 1996 to estimate the expected inflation 

and the ex ante real rate. However, the estimation techniques between the two are 

different. Wilcox uses the statistics published by the Central Statistical Office, which 

derives the ex ante real rate from the index-linked gilt pricing equation (2.5) alone, 

assuming the long-term future inflation is equal to the recent short-term actual inflation. 

Gaske, on the other hand, derives both the expected inflation and the ex ante real rate 

simultaneously from the prices of indexed and conventional gilts. 

Gaske regresses the ex ante real rate on the following variables in the form of 

simple regression: growth rates of money stocks, velocity, percentage changes in and the 

28 Wilcox did not describe how the real rate was calculated, but Woodward (1990) 
mentioned in his literature review that Wilcox used statistics of the Centi-al Statistical 
Office. 
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levels of tiie govemment deficit, growtii rates in industiial production, and exchange rates. 

None of these variables are statistically significant in explaining the ex ante real rate. Then 

she adds expected inflation into each regression, and it Uims out that expected inflation is 

significant with a negative coefficient consistentiy in each regression. To further confum 

the result, she did both bivariate and multivariate Granger-causality tests. In the bivariate 

test, only expected infiation Granger-causes the ex ante real rate. In the multivariate test, 

both expected inflation and exchange rates are found to Granger-cause the ex ante real rate. 

She concludes that the negative relationship between expected inflation and ex ante real rate 

and the causality from the former to the latter is consistent with the real balance effect 

proposed by MundeU (1963) and Tobin (1965). 

de Kock (1991) is concemed with whether the information contained in the index-

linked gilt helps in predicting future inflation and real economic activity. He first estimates 

expected future inflation embedded in ILG 2% 1996, using Woodward's methodology. 

Then he compares the forecast ability between the estimated expected inflation and the 

average of the past twelve-month realized inflation rates. The forecast horizons include 

one-year, two-year, and three-year predictions. Based on the criterion of minimizing the 

root mean squared forecast error, he finds that the average rate of infiation over the past 

twelve months is a better predictor than the estimated expected inflation embedded in ILG 

2% 1996. In a second test, the quarterly real GNP growth rate of the U.K. is fu-st 

regressed on the ex ante real interest rate extiacted from ILG 2% 1996, and then some other 

exogenous variables are added into the regression, including long-term nominal 

govemment bond yield, three-month interbank rate, estimated expected inflation, and 

twelve-month change in RPI. The result shows that the ex ante real rate and expected 

inflation do not provide significant information that is not contained in the long-term 

nominal govemment bond yield in terms of predicting the future real GNP growth rate in 
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tiie U.K., while tiie twelve-montii change in RPI significantiy increases tiie adjusted R by 

approximately 0.4. 

Caution must be paid when interpreting de Kock's statistical results. Both tiie ex 

ante real rate and expected inflation refer to long-term geometiic average rates, since his 

sample period covers from 1982 to 1990, and tiie index-linked gilt mattires in 1996. The 

endogenous variables in botii tests are short-term variables, especially the quarteriy real 

GNP growth rate. It does not seem appropriate to use long-term variables to predict short-

term variables. For example, the long-term inflation and the short term inflation are by no 

means determined by the same factors. It is not surprising that the last twelve months' 

actual inflation is able to predict the inflation rate for the next twelve months better than 

long-term expected inflation, especially considering the weU documented autocorrelation in 

the inflation series. Another problem exists in the second test relating to the degrees of 

freedom. Quarterly data were used in that test for the period from 1983 n to 1990 IV. 

Furthermore, all the regressors include four lags. In a multiple regression with three or 

four exogenous variables, the degrees of freedom are too low to validate the result. 

There are three papers that have shown a continual interest in the literature about the 

dynamic behavior of real interest rate. Fama (1975) raised the argument about the stability 

of the real interest rate about twenty years ago. He contended that the U.S. real interest rate 

during 1953 and 1971 was constant. Subsequent studies, e.g., Nelson and Schwert 

(1977), Carlson (1977), and Mishkin(1981), either question Fama's methodology or 

perform different measures of the ex ante real rate and claim that Fama's result is sample 

specific. More new evidence in the literature tends to support that the U.S. real rate is not 

constant. Despite criticisms of Fama's work, most authors also suffer from tiie fact that the 

ex ante real rate is unobservable, and hence they need to derive the ex ante variable on ex 

post basis. Rose (1988) attempts to circumvent the direct measure of the ex ante real rate. 

He finds that in his sample period, the nominal interest rate has one unit root while the 
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inflation is stationary. If the nominal interest rate is composed of an ex ante real interest 

rate and expected inflation, and the latter is formed by a rational expectation process witii 

stationary random error, then the ex ante real rate must be nonstationary. 

The British index-link gilts may provide better measures of ex ante real interest 

rates, as discussed in tiie previous subsection. Although differences exist between the 

U.K. economy and the U.S. economy, the stochastic behavior of the British ex ante real 

rate still should be able to shed some tight on the behavior of the U.S. ex ante real rate, as 

suggested by the quote from Barro. Gaske (1989) finds the ILG 2% 1996 has significant 

autocorrelation coefficients for the fu-st two lags during the sample period September 1983 

through Febmary 1988. The random walk hypothesis of the ex ante real rate, as adopted 

by some authors like Fama and Gibbons (1982), and Yun (1984) for the U.S. data, was 

rejected. 

In her dissertation, Pittman (1991) performs the Augmented Dickey-Fuller test on 

tiie ex ante real rate of DLG 2.5% 2011 over the period from April 1982 to July 1990, and 

finds it nonstationary with one unit root. To extend this dissertation, Chu, Hsu, and 

Pittman (1994) test seven index-linked gilts and find four of them are nonstationary with 

one unit root, for the sample period from 1983 to 1991. It is interesting that the 

nonstationary series are the ones with longer maturity, including ILG 2006, ILG 2009, 

ILG 2011, and ILG 2016. The other three stationary series are ILG 1996, ILG 2001, and 

ILG 2003. The authors suspect that this phenomenon might have something to do with the 

eight-month lagged adjustment. 

In summary, this section reviews the empirical researches concerning the extraction 

of the ex ante real rate from the British index-linked gilt, and the stochastic properties of the 

extracted real rate. It is shown that due to the eight-month lagged inflation adjustment, 

there is no single perfect method of measuring tiie ex ante real rate from the index-linked 

gilt. Several different methodologies have been used in the literature, as weU as the 
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marketplace. Among them. Woodward's methodology appears to give the most reasonable 

real interest rate proxy. Unfortunately, the expected inflation measure based on 

Woodward's methodology is problematic. 

The next two sections review the works testing the existence of an inflation risk 

premium embedded in the conventional gilts, and the informational efficiency of the index-

linked gilt market, respectively. These two topics wiU be discussed in great detail. An 

empirical test on each of these two topics is proposed in Chapter m to improve the existing 

literature. 

2.4 Inflation Risk Premium 

Inflation premium in the valuation model for bond or other assets refers to the 

premium charged by investors for expected future inflation. Inflation risk premium, on the 

other hand, is defined as the risk premium charged for the uncertainty of future inflation. 

In the literature, there have been many theoretical models incorporating the uncertainty of 

future inflation, and demonstiating the existence of an inflation risk premium. These 

theoretical papers can be classified into several categories. The first category deals with 

inflation risk premium in the CAPM framework, or in a very close form of CAPM. Roll 

(1973), Chen and Boness (1975), and Friend, Landskroner, and Losq (1976) are 

representative papers in this category. The similarity among these papers is that they all 

assume uncertain inflation in the model, and end up with a CAPM-type asset pricing 

formula containing the covariance between market retum and inflation and the covariance of 

individual asset retum and inflation. However, each model stiU has its own characteristics. 

RoU incorporates a riskless asset in real terms and nominal money balances in the model. 

Chen and Boness, on the other hand, develop their model based on the Lintner-Sharpe 

CAPM; i.e., a nominal risk free rate and many risky assets, with the inclusion of uncertain 

inflation in the model. The special characteristics of the paper by Friend, Landskroner, and 
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Losq include tiie existence of nonmarketable human capital, and a utility function with no 

special format, in conti-ast to the quadratic utility function assumed in the other two papers. 

Differe:nt assumptions result in different forms of the asset pricing formula. Some 

of them are simple with clear intuition; some others are more compUcated. Two papers 

even reach opposite conclusions. Chen and Boness show that the tiaditional CAPM 

overstates the market price of risk if uncertain inflation is expected, while Friend, 

Landskroner, and Losq demonstrate exactiy the opposite result. In conclusion, the papers 

in this category can be seen as an extension of the Lintner-Sharpe CAPM in the sense that 

uncertain inflation is formally dealt with under the CAPM framework. As a result, inflation 

risk matters and hence the inflation risk premium becomes part of the total risk premium 

required by investors. 

Elton, Gmber, and Rentzler (1983) derive an asset pricing model under uncertain 

inflation utilizing Arbitrage Pricing Theory (APT). They set up a real retum generating 

process as a function of both market factor and inflation, and develop a model where the 

asset's hedge characteristic expUcitiy affects the securities equiUbrium real retum. The 

authors argue that this is the main difference between their result and those obtained in the 

above introduced three papers. The previous papers contain an inflation term only when 

the models are expressed in nominal terms. They show that if those models are converted 

to real terms, the only source of variability affecting the asset's real retum is the 

covariabiUty with the market portfoUo. 

The common characteristic of the papers in the tiiird category is that they aU include 

an indexed bond in the model. Except for this, these papers have different assumptions, 

employ different approaches, and obtain different conclusions. Fischer (1975) sets up a 

continuous time model with three assets: indexed bond, nominal bond, and equity. The 

interest is focused on the relationship between the indexed bond and the nominal bond, 

since the former provides perfect hedge against inflation, while the latter is exposed to the 
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risk of unexpected inflation. Fischer shows that when the covariance between equity and 

unexpected inflation is negative; i.e., equity is not a good hedge against unexpected 

inflation, investors are wiUing to accept a lower real retum on an indexed bond than on a 

nominal bond. The difference between the two real retums is the inflation risk premium. 

Siegel and Wamer (1977) restate the Lintiier-Sharpe CAPM in real terms by 

including an indexed real riskless security, instead of developing an equUibrium model. 

Their conclusion is that the nominal bond rate will be greater (smaller) than the sum of the 

real bond rate and the expected inflation, if the covariance between the real market retum on 

risky assets and inflation is negative (positive). This result is different from Fischer's in a 

subtie way. In Fischer's paper, the condition for the existence of inflation risk premium is 

the negative covariance between nominal market retum and inflation. The rationale is based 

on the hedging capability of the indexed bond. In Siegel and Wamer's paper, on the other 

hand, it is the covariance between real market retum and inflation that matters, which is 

different from Fischer's condition by variance of inflation. The interpretation provided by 

Siegel and Wamer is that when the real equity retums are negatively (positively) co-varied 

with inflation, the real values of nominal bonds will move pro-cyclicaUy (counter-

cyclicaUy) with the market and therefore require higher (lower) nominal retums. 

Landskroner (1981) derives a model including index-linked assets, both risky and 

riskless, in a CAPM framework. In that model, the risk associated with uncertain inflation, 

as weU as the market retum volatility, is a source of the overall risk of the market. If the 

market retum serves as a hedge against inflation, the overall market risk wiU be reduced. 

For an individual asset, the risk is composed of the retum covariation with the market and 

with inflation. The asset with better hedging capability against inflation has lower risk, and 

therefore lower required retum. 

A fourth different approach, proposed by Landskroner and Liviatan (1981), 

includes govemment's nominal transfer payments, money balances, and output in the 
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model. The authors argue that there are two sources of inflationary uncertainty: monetary 

shocks and real shocks. The variabiUty of transfer payments will cause monetary 

inflationary uncertainty, assuming tiie ti-ansfer payments are financed by printing new 

money, and the variability of output wiU cause real shocks. The two types of shocks lead 

to different model results. For example, in the case of monetary inflation, the inflation risk 

premium on a nominal bond might not exist. The intuition behind this result is that since 

the nominal ti-ansfer payments are adjusted with inflation, i.e., positively correlated with 

inflation, nominal bonds provide a hedge against inflation in the portfolio context. On the 

other hand, if the inflationary uncertainty is caused by real shocks, there wiU be a positive 

risk premium on the market portfoUo of stocks and on nominal bonds. 

In this model, inflation is treated as an endogenous variable, in contrast to being an 

exogenous variable in most other models. The authors note that the co variances between 

inflation and other assets are completely arbitrary without theoretical Unkage in those 

models where inflation is treated as an exogenous variable, and those variables that cause 

inflation and real value uncertainty of other assets are left out of the model. 

In the empirical literature, researchers have examined the existence of inflation risk 

premium using two types of data: CPI futures and indexed bonds. They are discussed in 

order. 

Beginning in June 1985, the Coffee, Sugar, and Cocoa Exchange in New York 

started trading CPI futures. The value of the contract is based on the CPI-W, Consumer 

Price Index for Urban Wage Eamers and Clerical Workers, published by the Bureau of 

Labor Statistics of the U.S. Department of Labor. There is a time lag between the price 

data coUection and CPI-W announcement. The price is coUected throughout the 

measurement month, but announced in the third week of the next month (Flesaker and 

Ronn, 1987). Due to the time lag, the settiement price of the CPI futures contiract is based 

on the CPI-W of the previous month. The inflation futures contracts are traded for 
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quarterly settlement (January, April, July, and October) for the next twelve-month period, 

and semi-annual settiement for the subsequent two years. 

Flesaker and Ronn (1987) argue that if there exists inflation risk premium, it should 

be embodied in the CPI futures contract. After adjusting the time lag between measurement 

and announcement, they measure the sum of expected inflation and inflation risk premium 

implied by the CPI futures, and then subtiact the expected inflation forecast by the National 

Bureau of Economic Research - American Statistical Association (NBER - ASA) to obtain 

an estimate of inflation risk premium. In their data sample period, 1985 HI through 1986 

rV, the estimated inflation risk premiums range from 0.52 percent to 1.63 percent. 

There are two problems inherent in using the CPI futures to measure inflation risk 

premium. The first issue is that the CPI futures have been very thinly traded since the 

beginning. Chu (1988) calculates the average trading volume per trading day for the six 

contracts during 1985 to 1986, and finds that they range from 4.55 to 36.78 contiacts. The 

average open interest per business day is also very low, ranging from 19.0 to 47.87 

contracts. In fact, the CPI futures tirading was discontinued in Febmary 1987 due to the 

market investor's lack of interest in that market (Chu, 1988).29 The very thin tiading 

volume and the short life of the CPI futures market weaken the credibUity of the research 

based on the CPI futures data.30 

Another issue concems the use of CPI-W as the basis for settiement. According to 

Horrigan (1987), CPI-W is selected since it is the basis for cost-of-living adjustments in 

labor contract. Social Security benefit payments, and some lease agreements. However, 

CPI-W is not the only measure of general price movement. Another frequentiy used 

measure is the CPI-U, CPI for All Urban Consumers. According to Wynne and Sigalla 

29 Horrigan (1987) provides some explanations for the failure of the CPI futures. 

30 For example, the inflation risk premium measured by Flesaker and Ronn (1987) 
is based on only five observations. 
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(1993), CPI-W is representative of the consumption pattems of approximately 32 percent 

of the noninstitutional U.S. population, while the CPI-U covers a much higher proportion 

of the population, 80 percent.31 Besides the Consumer Price Index, the GNP deflator is 

another frequentiy used price mdex in the literature. Each general price index is calculated 

in a specific way, and serves a specific purpose. It is hard to say which index better 

represents the general price movement, or inflation, in the minds of market participants. 

For example, the NBER-ASA seems to be more concemed about the GNP deflator, which 

is the price index used as the basis of NBER-AS A inflation forecasts (Hafer and Hein, 

1985). In their paper, Flesaker and Ronn first measure the sum of the expected inflation 

and the inflation risk premium implied in the CPI futures, which they call ex ante inflation 

rate. Then, the expected inflation forecasts published by NBER-ASA is subtiacted from 

the ex ante inflation rate to obtain the inflation risk premium. The problem is that the two 

expected inflation measures are related to different price indices. The expected rate of 

change in the CPI-W implied in the CPI futures contract would not be the same as that of 

GNP deflator forecasted by NBER-AS A. Flesaker and Ronn interpret the difference 

between the ex ante inflation rate and the expected inflation rate as inflation risk premium. 

It can also be simply interpreted as the difference between the expected rate of change of 

CPI-W and that of GNP deflator. As to the fact that the former is always greater than the 

latter, ranging from 0.52 percent to 1.63 percent, there is no statistical significance since 

there are only five observations during their sample period due to the quarterly publication 

of GNP deflator. 

Chu (1988) tests the existence of the inflation risk premium based on Fischer's 

(1975) model. As introduced above, Fischer develops a model with three types of assets: 

31 Wyrme and Sigalla (1993) have a very detailed discussion about various 
measures of general price movement, and the advantages and disadvantages of each 
measure. 
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nominal bond, indexed bond, and equity. It is proved tiiat if the nominal rettim on equity 

is negatively correlated with unexpected inflation; i.e., equity is not a good hedge agamst 

unexpected inflation; tiien the expected real retum on a nominal bond will be greater than 

the expected real retum on an indexed bond by a positive inflation risk premium. Chu fu-st 

shows that the nominal retum on S&P500 is negatively correlated with unexpected inflation 

based on an ARIMA model during July 1985 and September 1986. This result is 

consistent with most of the empirical findings on this topic in the Uterature. He then forms 

an infiation hedge portfolio, which is equivalent to indexed bond in terms of its real value 

certainty, by holding a nominal discount bond and taking a long position in the CPI futures 

simultaneously. The real retum on the portfolio rj is equal to R̂ , - F(t,T) where R^ is the 

nominal retum of the bond and F(t,T) is the rate of change of CPI-W implied in the futures 

contract quoted at time t and settled at time T. The real retum on nominal bond i^ is equal 

to Rjj - W(t,T), where tilde indicates random variable and W(t,T) is the rate of change of 

CPI-W from time t to T. By taking the expected value, i^, the expected real retum on 

nominal bond wiU be equal to R^ - E[W(t,T)] = R^ - W(t,T), where W(t,T) is the realized 

rate of change of CPI-W from time t to T. The assumption required here is that the 

prediction of CPI-W at time T, the settiement date, is a fair game. In other words, the 

expected CPI-W, on average, will be equal to the realized CPI-W. The validity of Chu's 

paper relies on this assumption. 

The last step is to take the difference between r̂^ and rj, which is equal to F(t,T) -

W(t,T). According to Fischer (1975), the expected real retum on a nominal bond should 

be greater than the expected real retum on an indexed bond by inflation risk premium. If 

we can observe that F(t,T) is greater than W(t,T) most of the time, it is consistent with the 

argument for the existence of an inflation risk premium. To put it another way, the 

existence of an inflation risk premium impUes that the CPI futtires price is an upward 

biased predictor of CPI-W. The empirical result of Chu shows that F(t,T) is systematically 
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greater than W(t,T), based on a nonparametiic signed test and the Wilcoxon signed ranks 

test, and tiius supports the existence of inflation risk premium. 

Chu, Lee, and Wei (1991) perform an empirical test based on the above mentioned 

Fischer's model. They use a different inflation hedge portfoUo-rate of inflation of the 

home purchase price (HPP) component of the CPI, as the proxy of the indexed bond. The 

advantage of using this new proxy is that the time series data for tiiis proxy variable is 

much longer than the data available from the CPI futtires market. However, the validity of 

the empirical result is dependent upon how good a proxy HPP is for the indexed bond, 

which is not tested in the paper. During the sampling period from July 1959 through June 

1971, the average estimated inflation risk premium of HPP over the three-month T-bill is 

39 basis point, which is sigruficantiy different from zero at the 0.01 level. 

In the literature, there are four studies using indexed bonds or a combination of 

indexed bonds and nominal bonds to measure inflation risk premium. Brenner and Galai 

(1978) conduct a pioneering study on this topic. In their paper, the Israeli indexed bonds 

were used. They examine eight indexed bonds with maturities three months apart. All 

these bonds had seven years to maturity at issuance, with a 6.5 percent coupon rate. Both 

the coupon payments, which are made every six months, and the principal are fully indexed 

to the Israeli Consumer Price Index (CPI). The indexation of the coupon is made on the Ex 

date. The CPI for each month is published on the 15th of the next month. In other words, 

there is approximately a two-month lag for inflation adjustment, and the accmed interest is 

uncertain to the market investors until the Ex date.32 

Brenner and Galai argue that the bond with longer maturity is exposed to higher 

inflation risk, and therefore should have a higher expected holding period retum, than the 

bond with a shorter maturity, given the two bonds are same in all aspects except maturity. 

32 There is a lag between the end of measurement period and the announcement date 
about two to six weeks, depending on when the settlement date is. 
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Therefore, the difference between the HPRs of two bonds with different mattirities 

measures the inflation risk premium. They regress the inflation risk premium on five 

inflation uncertainty proxies; the fu-st three are the absolute deviation, the squared 

deviation, and the standard deviation of 12 monthly rates of inflation around their mean; the 

other two include the rate of change of money supply and the rate of change of sales of 

long-term bonds. They expected to find positive relations between the estimated inflation 

risk premium and inflation uncertainty proxies. However, none of the proxies of inflation 

uncertainty are significant. They conclude that either the proxy is not a good measure of 

the inflation uncertainty, or the inflation risk premium does not exist in the IsraeU indexed 

bond market. 

Throughout the paper, the authors ignore the effect of the two-month lagged 

inflation adjustment in Israeli indexed bonds. It has been shown in the previous section 

that the lagged inflation adjustment is the source of real value uncertainty for indexed 

bonds; and the shorter the maturity is, the higher real value uncertainty the bond has. If an 

inflation risk premium exists, investors should charge a higher premium for shorter 

indexed bonds, since the shorter bond provides less inflation protection than the longer 

bond. This reasoning is contiadictory to the authors' second argument that longer maturity 

indexed bond bears a higher inflation risk premium, although the conclusion of the paper is 

not affected since inflation uncertainty is non-significant in the empirical test. 

The authors mention that the coupon payment is calculated by multiplying the semi

annual coupon rate by the ratio of currently available CPI to the base CPI. Since the CPI is 

announced with a lag, the one month imputed interest on the coupon is ignored in the 

calculation. Observing the very high inflation rate in Israel during the sample period, about 

2.5 percent every month, it is not clear whether the omission of the one month coupon 

interest is of second-order importance, as suggested by the authors. 
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A drawback is inherent in using the IsraeU indexed bonds data. According to 

Huberman and Schwert (1985), the Israeli govemment bonds should not be viewed default 

free. The govemment has the right to change the terms of the bond contract ex post, and 

the Bank of Israel has been apparently intervening in the bond market. 

Gaske (1989) measures the inflation risk premium as the difference between the 

monthly holding period retums of the British conventional gilt and index-Unked gilt. She 

picks a conventional gUt with a 14% coupon rate and matured in 1996, which is matched 

with ILG 2% 1996. Gaske argues tiiat the difference of tiie HPRs between these two 

securities should be mainly attributed to the inflation protection provided by the index-

linked gilt. Hence it qualifies as a measure of infiation risk premium. During the sample 

period from March 1982 to Febmary 1988, the average HPR on the conventional gilt is 

12.2%, on the index-linked gilt is 8.99%, with the difference between the two being 3.2%. 

Although the estimated inflation risk premium is so high, it is still not significantly different 

from zero, according to Gaske. However, a careful examination of the standard deviation 

of the difference of the two HPRs indicates that Gaske treats the two HPRs as two 

independent samples, instead of paired observations as it should be. As a result, the 

standard deviation of the difference is inflated, and the t-statistic becomes smaller. Since 

the original data, the series of monthly HPR on the two securities, are not available, the 

paired observations t-test cannot be performed to find out whether 3.21% is tmly 

statistically significant. 

There are two comments on Gaske's measurement of inflation risk premium. First, 

it is well known that tiie price of the conventional gilt is negatively related to expected 

inflation. Equation (2.5) shows that the price of the British index-linked gilt is also 

negatively related to expected inflation. However, if we compare equation (2.5) with 

equation (2.1), we find that the price of the index-linked gilt is much less sensitive than the 

price of the conventional gilt to the change of expected inflation. The intuition is that the 
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index-linked gilt provides partial protection against inflation. Therefore, the difference 

between the HPRs of the conventional gilt and the index-linked gUt also results from the 

change of expected inflation, as well as inflation risk premium. If the expected inflation 

randomly fluctuates around its mean, its effect on the HPR may be canceled out for a long 

sample period. However, the expected inflation measures provided by Gaske, which refer 

to the geometric average expected inflation from the measurement date to 1996, show an 

obvious declining tirend during her sample period, from 10.88% in March 1982 to 5.98% 

in Febmary 1988. 

Second, Gaske ignores the tax effect in her measurement. The coupon payments of 

both securities are subject to income tax. The holders of the conventional gilt with 14% 

coupon rate have a much higher tax liability than the holders of ILG 2% 1996. If the 

relevant retum is the after tax retum, and the inflation risk premium should be measured on 

after tax basis, then the inflation risk premium measured by Gaske contains the tax 

differential effect between the two securities. 

Pittman (1991), following Chu (1988), adopts Fischer's (1975) model in her 

measurement of inflation risk premium. The model states that if the equity retum is 

negatively correlated with unexpected inflation, then the expected real retum on a nominal 

bond should be greater than the expected real retum on an indexed bond by inflation risk 

premium. Pittman uses quarterly data covering 1982II to 1989 HI. The expected real 

retum on a nominal bond is measured by taking the difference between the nominal retum 

of three-month T-bill and realized inflation. The expected real retum on indexed bond is 

the yield to maturity of ILG 2.5% 2011 using Bootle's metiiod, equation (2.8). The 

difference between these two estimated real retums is defined as inflation risk premium, 

which is averaged 46.6 basis points per quarter, or 186.4 basis points per annum, and the 

estimate is significant at the 0.01 level. In a similar test using monthly data, Chu, Lee, and 
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Pittman (1994) find an average inflation risk premium in the British gilt market to be 241 

basis points per annum during January 1985 through August 1991. 

Fischer's model indicates that the inflation risk premium can be measured as the 

difference between the expected real retums of the nominal bond and the indexed bond with 

the same maturity. However, in the above two papers, the inflation risk premium is 

measured as the difference of reaUzed real retum on a three-month T-biU and the geometiic 

average ex ante real retum on a long-term indexed bond with more than twenty-year 

maturity. It is weU known that the short-term real interest rate is influenced by some 

factors different from those that affect the long-term real interest rate. The maturity 

mismatch problem becomes a more serious flaw given the eight-month lagged inflation 

adjustment of the British index-Unked gilt. Since the index-linked gilt is exposed to 

inflation risk to some extent, it is not theoreticaUy justified in these two papers why a three-

month T-bill is exposed to a higher degree of inflation risk than a long-term index-linked 

gilt is. 

In summary, there have been many theoretical papers proposing the existence of an 

inflation risk premium. However, since the empirical tests involve measurement of risk 

premium for the volatiUty of an ex ante variable, expected future inflation, researchers are 

still trying to find a more valid measure in testing this hypothesis. 

2.5 Informational Efficiency of the British Index-Linked Gilt Market 

The concept of market efficiency in finance is concemed with the speed at which 

relevant information can be disseminated, processed, and correctiy incorporated in the 

pricing of the financial securities. There are several different methodologies to test market 

efficiency. Among them, the announcement effect study is one methodology that has been 

frequentiy employed in the Uterature.33 Researchers are interested in whether newly 

33 For example, see Comell (1983), Urich and Wachtel (1984), Pearce and Roley 
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released relevant pubUc information is reflected in the security's price within a short period 

of time after the announcement. This can be observed by comparing the security price 

before and after the announcement, and can be formaUy tested by regressing the price 

change on the new information contained in the announcement. In the literature, market 

efficiency tests have been widely performed on most financial securities. Pittman (1991) 

conducted such a study employing the announcement effect approach to test the 

informational efficiency of the British index-linked gilt market. 

Pittman used the same methodology developed by Huberman and Schwert (1985), 

who tested the informational efficiency of the IsraeU indexed bond market. This 

methodology was then adopted by Chu (1991) in testing the efficiency of the U.S. CPI 

futures market. The discussion below, however, wiU be focused on Pittman's research 

only, since the British index-linked gilt market is the central interest of this dissertation. 

Pittman regresses the daUy nominal retum of a particular long-term index-linked 

gilt, ILG 2.5% 2011, on both expected and unexpected last month's inflation rate. She 

argues that since the price of the index-Unked gilt is positively related to the realized 

inflation rate, investors should have formed their expectation of last month's inflation and 

mcorporated tiie expectation in the security price before the montiily announcement of RPI. 

Therefore, the expected portion of the information contained in the RPI announcement 

should not affect the retum on the announcement date. On tiie otiier hand, the unexpected 

last month's inflation should be positively related to the price of tiie index-Unked gilt on the 

announcement date, since the future cash flows wUl be higher than expected. 

When examining tiie index-linked gUt price response to tiie RPI announcement, the 

dependent variable is tiie daUy rettim, measured as the rate of change of the daily closing 

price. Pittman uses the univariate ARIMA technique, based on the most recent 60-month 

(1985), Frankel and HardouveUs (1985), and HardouveUs (1987). 
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RPIs, to forecast the monthly expected inflation. The estimated montiily expected inflation 

is tiien divided by the number of days in that particular month to obtain daily expected 

inflation, which is used as an explanatory variable in the regression. The daily expected 

inflation is thus constant throughout the month. 

The unexpected inflation, on the other hand, consists of monthly data, because it 

occurs only when the monthly RPI is announced. It is measured as the difference between 

the monthly realized inflation and expected inflation. Pittman sets up a window including 

fifty days before, and five days after, the monthly RPI announcement date, and examines 

the market response to the unexpected infiation during the fifty-six day window. In other 

words, each of the fifty-six daUy retums is regressed on the same monthly unexpected 

inflation rate in a multiple regression with fifty-five dummy variables. Since during 

Pittman's sample period, the RPI is usually announced on the second or the third Friday of 

the foUowing month, fifty days prior to the announcement date wiU cover the measurement 

period of the newly released RPI. The RPI measurement period is the period of time that 

the price level actuaUy rises. Pittman argues that significant coefficients of unexpected 

inflation for the measurement period would indicate that market investors observe and 

respond to the unexpected inflation as they occur during the measurement period. In other 

words, according to Pittman, right after the announcement of the most recent RPI, say 

RPIj, investors form their expectation of RPIj^j, which is proxied by a univariate ARIMA 

model, and then never change their expectation again. If investors observe the general 

price movement in the marketplace and adjust the security price accordingly before the 

announcement of RPI^ .̂̂ , this adjustment is regarded by Pittman as a response to 

unexpected inflation. 

An example can better demonstiate Pittman's argument. Assume the March RPI 

and April RPI are armounced on April 1 and May 1, respectively.34 Right after the March 

34 The RPI is usually announced on the second or the third week in the foUowing 
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RPI is announced, investors would forecast the April RPI, say 120, based on tiie most 

recent 60-month RPIs, including the March RPL Suppose there is a short-term shock, say 

a flood, that pushes up the vegetable prices across the countiy in early April. According to 

Pittman's model, investors will not modify their expectation of tiie April RPI, and hence 

the April inflation rate, on observing the rise of the vegetable prices, because the April RPI 

is fixed in Pittman's model once the March RPI is known and the forecast on April RPI is 

made. In otiier words, investors would stiU forecast 120 as the April RPI. On May 1, if 

the April RPI is announced to be 125, the difference between tiie announced RPI and the 

model-based expected RPI is defined as unexpected RPI. Pittman's definitions of expected 

and unexpected inflation are inconsistent with the efficient market hypotiiesis in the sense 

that investors ignore the information arriving in the market throughout April. 

Pittman expects to find the expected inflation coefficient non-significant, which 

implies that investors already incorporated the expected inflation in setting the security 

price. The unexpected inflation coefficients for the measurement period and the 

announcement date are anticipated to be significantiy positive, but non-significant after the 

announcement date. A significant coefficient on the aimouncement date indicates market 

investors' immediate response to the information contained in the RPI announcement. The 

non-significant coefficients after the aimouncement date would suggest that there is no 

delayed response to the newly released information. 

The empirical result is not quite the same as expected by Pittman. The coefficient of 

expected inflation is non-significant as anticipated. But all the coefficients of unexpected 

inflation are also non-significant except the ones that are four days and five days before the 

announcement date. 

month. The assumption used here is for the purpose of simpUfying the example. 

70 



There are several flaws in Pittman's model. Most researchers use monthly data, 

instead of daily data, when examining a long window around the announcement date, since 

daily data contain a lot of noise.35 On tiie other hand, if daily data are used in testing the 

announcement effect, the window is usually restiicted to only several days around the 

announcement date to avoid being contaminated by other factors than the information 

contained in tiie announcement. Pittman uses daily retums while setting up a window of 

fifty-six days around the announcement date. The flucttiation of the daily retums is 

expected to have resulted from other factors than expected and unexpected inflation. 

Another major problem involves tiie generation of data. The daily expected 

inflation is notiiing but an artifact. The estimate of monthly expected inflation, and hence 

the unexpected inflation, based on past RPIs only is also problematic. During Pittman's 

sample period, the Producer Prices Index (PPI) of the U.K. was usually announced four 

days before the announcement of RPI. Pittman noticed this and attributed the significant 

coefficients of four days and five days before the RPI announcement date to the PPI 

announcement effect. She mns a simple regression between the changes of PPI and RPI 
2 

from 1980 to 1990, and finds a significant coefficient of 1.02, and an R of 64.4%. The 

regression result indicates that PPI and RPI are highly correlated in the U.K., as in most 

other countries. The market investors of the British index-linked gilt should be aware of 

this fact and incorporate the information contained in the newly released PPI in the 

formation of expected RPI. Excluding PPI from the time series model would likely result 

in incorrect estimates of both the expected and unexpected inflation. 

The dependent variable used in the regression is also inappropriate. Suppose both 

the ex ante real rate and the expected inflation are constant over time; then the price of tiie 

index-linked gilt will be increasing in an inflationary period due to indexation. As a result. 

35 For example, see Ball and Brown (1968), and Fama, Fisher, Jensen, and Roll 
(1969). 
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a £1 increase in price may represent 1% increase in retum at time t, but only 0.5% increase 

in return ten years later. This may bias against Pittman's result. An appropriate dependent 

variable should be the daily price change. A model based on the daily price change will be 

presented in Section 3.2. 

In conclusion, it is invaUd to claim that the British index-linked gilt market is 

inefficient based on the non-significant coefficient at the RPI announcement date in 

Pittman's research. As correctly pointed out by Pittman, the market efficiency test is a joint 

test on both the efficiency of the market and the appropriateness of the underlying model, 

and hence the empirical findings in her study may be a result of an improperly specified 

model. At least one evidence, the significant coefficients around the PPI announcement 

date, indicates that investors of the British index-linked gilt market do respond to the price 

information release. More research on this subject is required. 
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CHAPTER m 

THEORY AND METHODOLOGICAL CONCERNS 

The discussions in the last two sections of Chapter n indicate that there is room for 

improvement m tiie existing empirical research conducted to test the inflation risk premium 

embedded in the British index-linked gilt, and the informational efficiency of that market. 

Different methodologies of testing these two hypotheses are presented in this chapter. The 

fu-st section develops a theoretical model to justify the existence of an infiation risk 

premium in tiie British index-Unked gUt market. Then a statistical model to test this 

hypothesis is set up. In Section 2, both a theoretical model and a statistical model 

concerning the test of informational efficiency are demonstrated in a siimlar fashion as in 

the first section. 

3.1 Inflation Risk Premium 

The inflation risk premium is the premium charged by investors for the uncertain 

real value of their investments resulting from uncertain future inflation. In fmance, 

charging a risk premium for future uncertainty is a widely accepted concept. In some 

financial theories, volatility of the relevant variable has been built into the valuation model 

as one of the determinant factors. For example, the expected volatiUty of the underlying 

asset is one of the variables that determine the option value in Black-Scholes option pricing 

theory; the expected covariation of an individual asset's retum with the market's retum 

determines the risk premium required on the asset in the Sharpe-Lintner capital asset pricing 

model. That higher risk must be compensated by higher retum is the most fundamental 

principle adopted not only in the academic literature, but also in the financial markets. As 

long as there is a consensus that the real retum, instead of the nominal retum, is the major 

concem of investors, the existence of inflation risk premium is theoreticaUy justifiable. 
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In Chapter n, some theoretical papers concerning the inflation risk premium were 

reviewed. The inflation risk premium is not a factor determining a security's required rate 

of rettim in tiie Sharpe-Linttier CAPM, because future inflation itself is not an expUcitiy 

specified variable in that model. However, as shown in Chapter n, when future inflation is 

expUcitiy built into an asset pricing model, in eitiier CAPM or APT framework, the 

inflation risk premium becomes an important factor in determining the asset's retums. 

In the literature of the bond market, tiie Fisher Effect, or tiie Darby Effect, has been 

the dominant theory in explaining the association between interest rates and future inflation. 

Since in Fisher's interest rate theory the relevant variable conceming fumre inflation is tiie 

expected inflation rate, most empirical studies have been focused on the relationship 

between the nominal interest rate and expected inflation, ignoring the volatiUty of future 

inflation. It is not clear why Fisher ignores the variabUity of future inflation. One possible 

interpretation is that the variabiUty of the inflation rates was low in the late 1800s and early 

1900s in the United States, when Fisher wrote. In a very volatile inflationary environment, 

it is likely that economists will pay more attention to the volatiUty of future inflation. For 

example, as mentioned in Chapter II, the British govemment beUeved that investors require 

inflation risk premium for holding conventional gUts, due to the experience of very volatile 

inflation rates in the 1970s in the United Kingdom. One of the three reasons of issuing the 

index-linked gilt, according to the U.K. Treasury (Rutterford, 1983), was to cut down the 

govemment's funding cost by eliminating the inflation risk premium paid on the 

conventional gilts. As to why the nominal bond would bear an inflation risk premium, 

Fischer's (1975) model provides a valid justification. 

Motivated by the theoretical models developed in the Uteramre, some researchers 

have tried to test for the existence of an inflation risk premium empiricaUy. Such a test is 

very difficult to perform because both the inflation risk premium and the volatiUty of future 

inflation are not directiy observable. If one tries to extract the inflation risk premium from 
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the nominal interest rate, it is even harder than testing the Fisher Effect. The Fisher Effect 

is known as difficult to test because in the Fisherian formula, equation (2.3), only the 

nominal interest rate is observable; the other two variables, ex ante real rate and expected 

inflation, are unobservable. To claim the existence of inflation risk premium adds one 

more unobservable variable to the right hand-side of equation (2.3). The difficulty of 

extracting the unobservable inflation risk premium from the nominal interest rate is 

obvious. 

The emergence of the CPI futures market provided a brief altemative to observe 

both the expected inflation rates and the inflation risk premium. However, the very thin 

trading volume and short life of the CPI futures market weaken the credibiUty of studies 

based on the CPI futures data. 

The indexed bond market is another altemative security from which the inflation 

risk premium may be measured. Since the nominal bond is exposed to real value 

uncertainty resulting from uncertain future inflation, whUe the indexed bond provides 

investors with certain real value to some extent, the real yield difference between the 

nominal and indexed bonds should reflect the inflation risk premium charged on the 

nominal bond for inflation uncertainty, given that the two bonds are the same in aU aspects 

except indexation.36 Several researchers have conducted empirical tests using data 

obtained from either the IsraeU or the British indexed bond market. Brenner and Galai 

(1978) conducted a pioneering study in this area using IsraeU indexed bonds data. 

Unfortunately, the reUabiUty of the test, based on IsraeU govemment bonds data, is 

questionable, because the bonds may not be perceived as default free as a result of wars. 

36 As discussed in Chapter II, the indexed bond witii contemporaneous inflation 
adjustment provides the investors with real value certainty since aU the future inflation wiU 
be compensated instantaneously. Indexed bond with lagged inflation adjustment, on the 
other hand, is stUl exposed to inflation risk to some extent. The degree of inflation risk 
exposure is inversely related to the length of maturity. 

75 



Furtiiermore, the IsraeU govemment has the right to change the terms of the bond after 

issuance. 

There are three papers in the Uterature using British index-linked gUt data which test 

the existence of inflation risk premium. Each paper has its own distinctive drawbacks. 

Gaske (1989) measures the inflation risk premium as the difference between the monthly 

holding period rettims (HPRs) of the British conventional gUt and index-Unked gilt, botii of 

which have the same maturity. She ignores that the conventional gUt's price is much more 

sensitive to the change of expected inflation tiian the price of the index-linked gUt.37 

During her sample period, she reports that the estimated expected inflation drop from 

10.88% in March 1982 to 5.98% in Febmary 1988, with an obvious decUning tirend. 

Although the bond prices of both conventional gilt and index-Unked gilt are inversely 

related to the change of expected inflation, the price of the conventional gilt should have 

increased significantiy more than that of the index-linked gUt in response to the drop of 

expected inflation. Therefore, part of the difference of the HPRs between the two gUts 

resulted from a change in expected inflation.38 Another factor also ignored by Gaske is the 

tax effect. The conventional gUt usuaUy bears a much higher coupon rate than the index-

linked gilt, 14% versus 2% in Gaske's test, and hence is subject to higher income tax. If 

the relevant retum is the after-tax retum, then the difference between the two before tax 

HPRs contains the differential tax effect on the two gUts. 

37 This can be seen by comparing equation (2.1) with equation (2.5). 

38 The price of the index-Unked gUt is inversely related to the change of expected 
future inflation because of the lagged inflation adjustment. For example, if investors expect 
a higher future inflation, the increased inflationary expectation cannot increase the next 
coupon payment, which is akeady determined by the RPI eight months before the next 
coupon date, but wUl increase the discount rate. Furthermore, since the redemption value 
does not adjust with the inflation during the last eight months of the gUt's life, a higher 
discount rate reduces the present value of the redemption value. The impact of inflationary 
expectation change on the price is smaller for longer maturity index-linked gilt, and can be 
considered negligible for very long-term index-Unked gilts. 
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Pittman (1991) defines the difference between the real retums of the British three-

month T-biU and long-term index-linked gUt as infiation risk premium. The validity of the 

definition is questionable because the short-term and long-term real rates are affected by 

different factors. In another paper, Chu, Lee, and Pittman (1994) use the same definition 

of inflation risk premium, but change the measurement from quarterly data to monthly data. 

This paper is subject to the same criticism as Pittman's. 

An ideal measure of the inflation risk premium is to take the difference between ex 

ante real rates of a long-term conventional gUt and a long-term index-Unked gilt with the 

same maturity date. It has been shown in Chapter II that the long-term index-linked gilt is 

exposed to a negUgible degree of future inflation risk. On the other hand, the conventional 

gUt is fully exposed to inflation risk. The difference between the two ex ante real rates 

should be mainly attiibuted to the inflation risk exposure faced by conventional gilt holders. 

However, the test is difficult to perform because the ex ante real rate of a 

conventional gilt is not observable. It was argued in Chapter n that all the existing 

methodologies of extiracting the long-term expected inflation are problematic, and not 

reliable. Therefore, there is no valid method to eUminate the expected inflation component 

from the long-term nominal rate. This explains why the previous studies take different 

routes to measure the inflation risk premium. 

In the following subsection, a mathematical model is developed to show the 

existence of inflation risk premium in the British index-Unked gUt market. Then a statistical 

model to test this hypothesis is presented. 

3.1.1 Model and Hvpothesis 

It has been demonsti-ated in Chapter H that all British index-linked gilts are exposed 

to some real value uncertainty due to the eight-month lagged inflation adjustment. The 

degree of real value uncertainty is inversely related to the gilt's maturity. For a very long-
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term index-Unked gUt, the reaUzed real yield fluctuates within a very smaU range when 

realized inflation deviates away from the expected inflation. As such, it is very similar to 

an indexed bond witii contemporaneous inflation adjustment, which provides real value 

certainty to investors. On the other hand, the realized real yield of a short-term index-

Unked gUt fluctuates widely when realized inflation is different from expected inflation. In 

terms of the real value uncertainty, the short-term index-Unked gilt is very similar to the 

conventional gUt. 

Based on the above argument, a hypothesis can be developed. If investors charge 

an inflation risk premium depending on the degree of inflation risk exposure, the premium 

charged on the short-term index-Unked gilt should be higher than that on the long-term 

index-linked gUt. Unfortunately, the inflation risk premium cannot be measured directly by 

taking the difference between the real retums implied in the short-term and long-term index-

linked gilts. If we apply Woodward's methodology, equation (2.12), to obtain the ex ante 

real retums impUed in the short-term and the long-term index-linked gilts, and then take the 

difference of the two as a measure of inflation risk premium, the estimated premium will 

contain the short-term and long-term real interest rate differential. Since the sign of the ex 

ante real rate differential in the term stmcture is unknown, the direction of the bias in this 

estimated inflation risk premium cannot be detected. Altematively, a model that compares 

the HPRs of the two gilts will be developed below. 

Fama (1976a, 1976b, 1984a, 1984b, 1986, 1990) developed a model to test the 

expected premium embedded in the term stmcture.39 The model set up below basically 

follows Fama's model with some modification and extension. 

39 In the two early papers (1976a, 1976b), Fama defines the difference between the 
monthly holding period retum of long-term bond and one-month T-bill rate as "premium," 
which is mainly resulted from inflation uncertainty. He also regresses premium on 
inflation uncertainty proxy and finds it significant, but he never calls the premium as 
inflation risk premium. In the later papers, he calls it the term premium. 
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For simplicity and exposition purposes, the retum behavior of a govemment issued 

nominal discount bond will be analyzed below. Based on this model, an extension to more 

compUcated securities, like index-linked gUts, can be easUy made. Since tiie empirical tests 

wiU be based on montiily data, tiie model will be stated in terms of montiily intervals. 

Some notations are defined in the beginning: 

P^ ^ : price of the discount bond at the end of month t with n months to maturity, 

R̂  : continuously compounded nominal retum on the discount bond from t-1 to t, also 

called the spot rate for month t, 

r : continuously compounded real retum on the discount bond from t-1 to t, 

n : continuously compounded inflation rate from t-1 to t, as measured by ln(RPI^ / 

RPIt-l), 

H : continuously compounded nominal holding period retum on the discount bond 

from t-1 to t with n months to maturity, 

exp : the exponential operator, 

E : the expected value formed at t-1 based on all available information. 

The first step needs to express the price of the bond in terms of rate of retum. 

Assume the bond wiU mature at time t with its face value equal £1, then its price at t-1 can 

be written as 

Pj .̂1 = exp (-Rp, (3.1) 

so that (P ) (exp (RJ ) = £1, the redemption value. If the bond at t-1 has two months 

to maturity, then its price at time t is 
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P,^, = exp(-R^^,). (3.2) 

The tilde represents random variable, since both P and R are unknown at t-1. The 
J- J l I I 1 

expected holding period retum from t-1 to t on this two-montii bond is 

E f i ^ V = ̂ t - l N P i , / P^^.i)] = - \,(RJ - ln(P,^,.j). (3.3) 

Since - ln(P2 ̂  j) = - ln(P2 ̂ .j / 1) = ln(l / P^ ̂  p = two-month spot rate, the intuition of 

equation (3.3) is that the expected HPR from t-1 to t is equal to the two-month spot rate 

subti-acting the expected one-month spot rate from t to t+1. By rearranging (3.3) and 

taking exponents on both sides, we can obtain 

P 2 , - l = = ^ P [ - \ l ( V - E t - l ( V l ) ] - (3-4) 

By a recursive process, we can express the price at time t-1 of a bond with n months to 

maturity as 

P„,t-. = ̂ ^P [ - E..,(H„,,) - E,,(H„.„,,) -... - E..,(H2,«.2) - E,.,(R ,„.,)]. (3.5) 

Following Fama, we can define the premium W as 

W =H - R . (3.6) 
n,t n,t t ^ ^ 

Equation (3.6) implies that the holding period retum Hĵ  ^ from t-1 to t with n months to 

maturity may be different from the spot rate R by some premium. Based on the 

expectation theory of the term stmcture, the premium should be equal to zero. Even if there 
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exists some short-term disturbances in the economy that make the HPR deviate away from 

the spot rate in some period, the long-term average premium should stUl be zero. Fama 

(1986) found zero premium in the U.S. money markets during 1967 to 1985. On the other 

hand, a positive premium is consistent with the Uquidity premium theory of term stmcture. 

Fama (1976a, 1984a) found positive premium in the U.S. T-biU market from 1953 to 

1982. According to Fama, the premium mainly represents the compensation for inflation 

uncertainty. 

Plugging equation (3.6) into equation (3.5), the bond price can be expressed as 

P„,t-1 = ̂ '̂ P {- Kl'-K? + ̂ 1 - [E,.,(W„.„,,) + E,.,(R,̂ ,)] 

- •• - [E,.I(W2,,.„.2) + E,.,(R.,„.2)] - E,., (R.,„.,)}. (3.7) 

With (3.7), the holding period retum can be expressed as 

+ [ E , > „ . , , , . , ) - E.(W„.,,„,)] + [E,.,(R.,,) - i j 

+ [E,..(W„.2,,,2) - E.(W„.2,,2)] + [E,,(R„2) - E,(R,,2)] 
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By replacing the nominal rate by the sum of real rate and mflation, equation (3.8) becomes 

" n , - R, = E,l(W„,,) + [E,,(W„., ,^,) - E (W„_, ,^,)] + ... 

* - + [E,.,(~r,,„.,) - E^(r,^„.;)] + [E,.j(n^,) - E,(n,^,)] 

+ - + [E,.,(ff„„.,)-E,(n,,„.,)]. (3.9) 

Equation (3.9) is the formula used by Fama to measure the expected premiums in the 

previously mentioned papers. Four factors can be identified that make the holding period 

retum different from the spot rate. The first one is the expected premium from t-1 to t as a 

compensation for the real value uncertainty. The other three are the change of future 

expectation from t-1 to t regarding premium, real rate, and inflation. 

Based on equation (3.9), we can compare the long-term bond premium, W , with 

the short-term bond premium, W . If we take the difference between these two 
^t 

premiums, we get 

^ s . - WL, = H3, - Ĥ ,̂ = E,_,(W3,) - E,.,(W^p - G, (3.10) 

where H and H represent the HPRs of short-term bond and long-term bond, and G 

represents all the change of future expectation from the maturity of tiie short-term bond to 

the maturity of the long-term bond regarding premium, real rate, and inflation. For a long-

term bond with more than twenty years to maturity, the average impact of G on the 

difference of the HPRs should be insignificant based on rational expectation. Thus, 
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equation (3.10) can be further reduced as 

There are several different versions of liquidity premium theory."̂ 0 Accordmg to Hicks 

(1946), the premium is larger for longer-term bond, which suggests (W -W ) being 
i ^ l LA. 

negative. However, if we apply equation (3.11) to the British index-linked gihs, we would 

expect (Wg -̂Wĵ p to be positive. The rationale is discussed below. Hick's main argument 

is that the longer the maturity is, the more uncertain the value of the principal wiU be. In 

order to induce investors to purchase the long-term security, a premium must be offered. 

The British index-linked gilts possess some characteristics quite different from the 

commonly seen nominal bonds. Since the index-linked gilt is issued by the British 

govemment, it is default free. As to the inflation risk exposure, the long-term index-Unked 

gilt provides investors very good protection against inflation, while the short-term index-

linked gilt investors are less protected against inflation due to the eight-month lagged 

adjustment and hence are exposed to a higher degree of real value uncertainty. If investors 

indeed charge an inflation risk premium, the premium should be higher for the shorter-term 

index-linked gilt. This is contrary to the traditional liquidity premium theory appUed in the 

nominal bond market. It is tme that positive (W^ -W ) for one point of time or a short 

period of time could also be explained by other term stmcture theories, like the market 

segmentation theory. However, no other term stmcture theories would predict persistentiy 

positive (W -W ) over a longer period of time. Thus, positive (W^^-Wĵ ^ strongly 

supports the existence of an inflation risk premium. 

^^ Van Home (1994) has a more complete discussion of both the theories and 
empirical studies about the term stmcture. 
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The above model is estabUshed based on a nominal discount bond. Two 

explanations are required in order to apply the model to tiie British index-linked gUt. The 

first is that the inflation adjustment factor is not incorporated in the model. Adding the 

mflation adjustment factor wUl complicate the model, but wiU not change the result. For 

example, equation (3.1) becomes 

Pj ^ J = exp (n g + n ^ +... + 0^ + 0^ +... + n^ ^ + n ^ - R ). (3.12) 

Multiplying the right hand side of equation (3.12) by the one period nominal retum 

exp (R), we obtain the redemption value, which is equal to the face value £1 multiplied by 

the inflation rate from eight months prior to issuance to eight months before maturity. The 

inflation adjustment factor can be dealt with in a similar fashion in aU the equations. After 

taking the difference between the HPRs of short-term and long-term index-linked gilts, the 

terms that wiU be left in the equation and related to the inflation adjustment factor include all 

the changes of expectation from t-1 to t regarding future inflation for the period after the 

maturity of the short-term index-linked gUt to eight months before the maturity of the long-

term index-linked gUt. These terms can be included in the term G in equation (3.10), and 

wiU not affect the final result of the model. 

The second point that should be stated is that the coupon payments are not included 

in the model for simpUcity and also because the effect is negUgible. The coupon rates for 

most index-Unked gilts are very low, typically around a 2% or 2.5% annual coupon rate for 

fifteen out of eighteen index-linked gilts, as shown in Table (2.1). At these coupon rates, 

the semi-armual coupon payments before inflation adjustment are only £1 or £1.25, in 

contirast to the £1(X) redemption value. Furthermore, we can easily choose a long-term and 

a short-term index-linked gilt with the same, or very close, coupon rates (say 2%) for each. 
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Since the variable of interest in equation (3.11) is the difference of the HPRs of the two 

gilts, the net coupon effect should be zero during the sample period. 

Given the above explanations, the model developed here is appropriate to test the 

existence of inflation risk premium embedded in the British index-Unked gilt market. The 

hypothesis is tiiat when the real retum of investment is uncertain due to futiu-e inflation 

uncertainty, investors wiU charge an inflation risk premium, which is a function of the 

magnitude of expected inflation uncertainty. Since we can choose long-term and short-term 

British index-linked gUts that have similar coupon rates and siimlar risk characteristics other 

than the inflation risk exposure, the difference of the HPRs of the two gilts should be 

mamly attiibuted to mflation risk premium. Thus, tiie average (H -H ) in equation (3.11) 

over a reasonably long period of time should be positive, if there exists an inflation risk 

premium. The paired observation t-test will be employed to test whether (H -H ) is 

significantiy positive. A positive value of (H - l i J indicates that there exists an inflation 

risk premium in the British index-linked gilt market during the sample period. 

However, we must be carefiil in interpreting the result if (H -H ) is not 

significantiy different from zero, or is negative. As mentioned above, the term premium 

theory contends that the longer-term security should bear a higher premium than the 

shorter-term security. Most empirical evidence supports this argument. For example, 

Fama (1976a, 1984a) shows that the term premium, as measured by the difference between 

monthly holding period retums of long-term and short-term securities, exists in the U.S. 

Treasury security market. Since the term premium and inflation risk premium work in 

opposite directions, the measurement of the latter would be mitigated by the existence of the 

former. Because of the above concem, the term premium in the conventional gilt market 

wUl be estimated, using Fama's (1976a) method, to examine whether equation (3.11) 

underestimates the inflation risk premium in the index-linked gilt market. 
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Since (H -H ) is still affected by other factors, i.e., G in equation (3.10), the 

difference of the HPRs only serves as a rough estimate of the inflation risk premium. To 

ascertain that the difference of HPRs is caused by expected inflation risk, (H -H ) will 

be regressed on some proxies of inflation risk. 

(Hg^- Hĵ )̂ = a + pu^ + ê . (3.13) 

Equation (3.13) wUl be conducted if (H -IL ) is greater than zero. In this equation, U 
A 

Stands for the proxies of inflation uncertainty, and the parameter estimate p is expected to 

be positive. The measures of inflation uncertainty proxies wiU be discussed in the 

following subsection. 

3.1.2 Estimate of Inflation Uncertainty 

Three inflation uncertainty proxies are considered. In testing the premium 

embedded m the U.S. Treasury bUls, Fama (1976a) used the following measure as a 

proxy: 

u _ ' \ r ^ - w i ' " ^ / ' V , - V q - i ' , (3.14) 
^ k+q+1 

where R represents the monthly spot rate on T-bill at time t-k. Based on tiie criterion of 

R^, the best result was obtained with k=12 and q=12 in Fama's studies (1976a, 1976b). 

Equation (3.14) is the average of the absolute values of tiie monthly changes in the spot rate 

from t-k to t+q. According to Fama, the rationale for equation (3.14) is that if the real rate 

is constant in the short mn, the change of nominal rate mirrors the change of expected 

inflation. Investors are assumed to form thek expectations of future inflation uncertainty 

based on their experience of the recent volatiUty of reaUzed inflation. 
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It is not clear why Fama did not use the realized inflation to replace the spot rate in 

equation (3.14), especially when the constancy of the real rate argument was chaUenged by 

other authors. To include the absolute change of future spot rate is also questionable 

because the information is not available to investors at time t. In tiiis dissertation, the 

average of the absolute changes of past monthly realized inflation wiU be used as the fu-st 

inflation uncertainty, U , i.e.. 

i 2 i n . - n , J 

^ k=l ^ 

Since U tends to reflect the inflation uncertainty in the near future, while the index-

linked gilt holders may also be concemed with longer-term inflation uncertainty, two other 

proxies wiU be also used in the test. In the literature, the impact of the change of money 

supply and monetary base on future inflation has been well documented. Therefore, the 

averages of the absolute changes of monthly growth rate of money supply and monetary 

base for the last twelve months will be used as the other two proxies, U and U , in order 

to capture the longer-term inflation uncertainty. 

When using proxies in a statistical test, the criticism of error-in-variables is 

inevitable. On the other hand, if the regression result of equation (3.13) is non-significant, 

it is possibly due to the proxies not being able to capture the expected inflation uncertainty 

perceived by the market investors. The model developed above suggests that the best 

interpretation of a persistentiy positive difference between the HPRs over a reasonably long 

period of time would still be the inflation risk premium. 
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3.2 Informational Efficiency of the British Index-Linked Market 

In finance, whether a market is informationaUy efficient is always a primary 

concem among scholars. In an efficient market, investors utilize all the available 

information, in a timely fashion, in pricing a security. One way to test market efficiency is 

to perform an event study based on a new information announcement, which is known to 

contain new, relevant information. If the announcement indeed contains new information 

that was not available prior to the announcement but important to market participants, the 

price of the relevant security is expected to adjust in response to the new information. The 

adjustment should be completed within a very short period of time in an efficient market. A 

commonly employed model to test the adjustment process is to regress the change of price, 

or retum, of the security of interest around the announcement date on both expected portion 

and unexpected portion of the information released in the announcement.^^ The expected 

portion should already be incorporated in the price in an efficient market; therefore, a 

significant coefficient estimate of this variable is inconsistent with market efficiency. On 

the other hand, a significant coefficient estimate of the unexpected variable indicates that the 

market investors absorb the new information contained in the announcement and reflect it 

on the price immediately, which is consistent with the efficient market hypothesis. The 

announcement effect study is employed below to test tiie informational efficiency of the 

British index-Unked gilt market. 

3.2.1 Model and Hvpothesis 

The index-linked gilt is indexed to tiie British RPI with an eight-month lag. The lag 

is required for two reasons. In order for the tiaders to calculate the accmed interest during 

the six-month interval between two coupon payment dates, the exact amount of the next 

41 For example, see ComeU (1983), Urich and Wachtel (1984), Pearce and Roley 
(1985), Frankel and HardouveUs (1985), and HardouveUs (1987). 
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coupon payment must be known. For example, suppose the coupon payments are made on 

the 15th of March and September each year before maturity. Then starting from the 16th of 

March, the traders need to know the amount of the next September coupon payment in 

order to calculate the accmed interest. Thus, the September coupon payment must be 

adjusted to the RPI with at least a six-month lag; i.e., the adjustment is based on March 

RPI, instead of September RPI. This six-month lag can be caUed compensation lag, in 

contrast to the reporting lag that wiU be discussed below. 

The RPI is announced with a two- or three-week lag. For example, the March RPI 

is usuaUy announced in the second or the third week of April. Thus, on the 16th of March, 

the Febmary RPI may not be armounced to the pubUc yet, but the January RPI must 

already be avaUable to investors. It is because of the lag of the announcement, the 

September coupon payment is indexed to the January RPI, instead of the March RPI. This 

two-month lag can be caUed the reporting lag.^^ The eight-month adjustment lag is 

decomposed into a compensation lag and a reporting lag in this section only for the 

convenience of discussion, because the test on the announcement effect is concemed with 

the reporting lag. The compensation lag is irrelevant with the announcement effect study. 

To faciUtate the discussion below, part of the pricing formula of the index-linked 

gilt, equation (2.5), and the notations are reproduced here:43 

42 The reporting lag is set to be two months for indexation purpose. But the actual 
reporting lag may be as short as two weeks; e.g., the January RPI may be announced on 
the 14th of Febmary. The acttial reporting lag refers to the period of time that mflation, as 
measured by the rate of change of RPI, has occurred but not been reported. 

43 (1+R) in equation (2.5) is replaced by (1+r) (l+H) in equation (3.16), where R 
denotes the geometric average semi-annual nominal rate from now untU maturity. 
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RPIc RPIt f RPIt f+1 
p ^ ^ base RPI ^ ^ base RPI ^^"^"^ ^ base RPI ^^"^^ 

^ " (l+r)(l+ID ^ (l+r)^l+n)^ ^ (l+r)^l+n)^ 

RPL f+n-2 RPIt f+n-2 
. ^b^JT^g^n) FV^^^^(i+iD 

(1+r) (1+n) (1+r) (1+n) 

where 

Pjl^ : price of the British index-linked gilt with lagged inflation adjustment 

C : fixed coupon payment on the index-linked gilt before infiation adjustment 

FV : par value of the index-linked gilt before inflation adjustment 

RPI^ : the retaU prices index used to determine the amount of the next coupon 

payment 

base RPI : the retaU prices index eight months before the issuance of the index-linked gUt 

RPIt : the most current retaU prices index 

r : geometric average semi-annual ex ante real rate from now untU maturity 

n : geometric average semi-annual expected inflation rate from now until maturity 

f : the fraction of the semi-annual period from RPIt to RPI^+j, where RPIQ+I is 

the RPI six months after RPÎ , 

n : the remaining number of semi-annual periods untU maturity. 

On the right hand side of equation (3.16), the fu t̂ term is the present value of the 

next coupon payment. The inflation adjustment factor for the next coupon payment is equal 

to the ratio of RPI^ to base RPI. RPI^ is the RPI eight months before the next coupon 

payment date, and hence is already known. Due to the lagged inflation adjustment, the next 

coupon payment is fixed and not affected by any change of RPI after RPI^- The other 
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terms in equation (3.16) represent the present value of each future coupon payment, except 

the next one, and the redemption value. It can be seen from equation (3.16) that aU the 
RPL 

future cash flows, except the first one, are affected by RPIt. (r ^ ^ ) represents the 

inflation rate, from eight months before issuance to month t, that wiU be compensated to the 

gilt holders through the scaling-up of the future cash flows. A higher RPIt results in higher 

compensations in the future, and hence a higher current market price of the index-Unked 

gUt, given other things constant.44 The positive relationship between the index-linked gUt 

price and RPIt can be confirmed mathematicaUy by partiaUy differentiating P with 

respect to RPIt in equation (3.16). 

Equation (3.16) indicates that in order to price the index-linked gUt, the current level 

of RPI, RPIt in the equation must be known. A problem arises due to the existence of the 

reporting lag; namely, the most recent RPI is not reported as the inflation occurs. For 

example, the Febmary RPI is unknown to the pubUc on March 1, although the general 

price level movement has occurred during Febmary. Since the price of the mdex-Unked gUt 

is a function of RPIt, investors should keep observing the market prices of the relevant 

products and form their expectation of the Febmary RPI before its announcement. The 

expected Febmary RPI wiU be incorporated as the most recent RPI, or RPIt, in settmg the 

index-linked gUt price. 

A numerical example can better demonstrate the importance of forming expected 

RPI before its announcement. Suppose a new index-linked gUt is issued on Febmary 1 

witii £100 par value. The RPIs for the last eight montiis, from June last year to January 

44 The assumption required here is that the long-term real rate and expected inflation 
wUl not be affected by tiie flucttiation of tiie short-term inflation, as measured by rate of 
change of RPI. In otiier words, both r and P in equation (3.16) wUl not change in 
response to tiie short-term variation in RPI. This assumption is plausible because tiie long-
term variables are usually more stable tiian short-term variables, since tiie short-term 
cyclical behavior of a variable will be smootiied out in tiie long mn, and most of tiie short-
term shocks wiU not be carried into the futtire. This assumption impUes that in the 
empirical test of tiie announcement effect, a long-term index-Unked gUt should be used. 
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this year, have remained constant at 100. Given the coupon rate and the assumed long-

term expected inflation and real rate, the issuing price is set at £100. In Febmary, the RPI 

rises to 110 because of a short-term shock to prices of agricultural products, say, due to a 

hurricane. Since this shock is expected to last for no more than one month, the long-term 

expected inflation and real rate should not be affected. If the January RPI, instead of the 

expected Febmary RPI, is used as RPIt, tiie price on March 1 wiU stay at £100, since the 
RPIt 

inflation adjustment factor (^^se RPp ^̂  ^^^^ ^° ̂ "^* ^ ^^^ ^^^' i^^^^tors, who bought 

the gUt on Febmary 1 and sell it on March 1, are hurt by the inflation occurring in 

Febmary. In order to protect themselves against inflation that has occurred, but not 

announced yet, the seUers should use the expected Febmary RPI as RPIt in setting the price 

on March 1. This price, given a reasonable expectation about the Febmary RPI, wiU be 

accepted by the buyers because they wiU be compensated for the Febmary RPI in the 

future. 

Based on the above discussion, a model can be derived to examine the index-linked 

gUt price change immediately after the monthly RPI announcement. To simpUfy the 

derivation, the announcement of the RPI is assumed to be made on the first day of next 

month for the time being; e.g., the Febmary RPI is announced on March 1. This 

assumption is relaxed later to allow the announcement date to be any day during the month. 

It is shown that this assumption is not critical. 

The RPIt in equation (3.16) can be expressed as the sum of expected RPIt, 

E(RPIt), and unexpected RPIt, U(RPIt). The unexpected RPIt measures the deviation of 

the expected RPIt from the actual RPIt after its announcement, and takes tiie value of zero 

before announcement. Thus, before the announcement of the Febmary RPI on March 1, 

mvestors use the expected Febmary RPI in setting the price. After the announcement, tiie 

value of RPIt is known. The prediction error is the unexpected RPIt. If we combine all the 

terms with RPIt in equation (3.16), and replace RPIt by E(RPIt) and U(RPIt), we obtain 
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RPIc 
_ ^ base RPI^^^^ 1 /n_l C ^ FV \ 

ILG (l+r)(l+n) '(l+r)(l+n)^"%aseRPI) ^ j= l ( l+ry (l+r)^"^^ 

RPL 
C ^ 

base RPI r ^ , „ ^ , , XT,T.«. .1 1 + [E(RPIt) + U(RPIt)] 2 T 
(l+r)(l+n) (l+r)(l+n) " (base RPI) 

( ? , - ^ + - ^ ) - (3.17) 
J=l (l+ry (1+r) 

The first term on the right hand side of equation (3.17) is the present value of the next 

coupon payment. Since the inflation adjustment is made with an eight-month lag, the next 

coupon payment is not affected by the current RPI, RPIj The second term represents the 

sum of the present values of all the future cash flows beyond the next coupon. Define 

P„ ^ . and P„ ^ _. as the index-linked gilt price after and before the announcement of 
lLCj,At iLCjjBt 

RPIt, respectively. If we take the difference of the two, we obtain 

PlLGAt-PlLGBt = U(RPIt) [ h ( "l - S ^ ~ ^ ) ] -
iLU,At iLU,m (l+r)(l+n) (base RPI) J=l (l+r^ (1+r) 

(3.18) 

Equation (3.18) expresses the difference of the index-linked gilt price before and after the 

monthly RPI announcement in a closed form. Since E(RPIt), the market investors' 

expectation of previous month's RPI level, shows up in the pricing formulas for both 

P and P„ ^ „ , it is canceled out when taking the difference between P and 
ILG,At ILG,Bt iLO,At 

P _ _, On the other hand, the unexpected portion of previous month's RPI level, 
ILG,Bt. 

U(RPIt), occurs only after the RPÎ  is announced, and hence cannot be canceled out in 

equation (3.18). It is shown in equation (3.18) that E(RPIj), the expected portion of 
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previous month's RPI level, should not affect the security price after RPÎ  is announced, 

while unexpected portion, E(RPI^), should. The inttiition is tiiat before tiie announcement 

of the previous month's RPI, investors use E(RPIj) in setting the price. The expected RPIt 

does not appear in equation (3.18) because it has been priced before tiie announcement. If 

tiie announcement contains new information so that U(RPIt) is not equal to zero, investors 

should absorb the new information and price the gilt accordingly in a timely fashion. 

Given non-zero U(RPIt), the price difference in equation (3.18) will not be zero. 

When the announcement is not restiicted to be made on the fu-st day of next month, 

equation (3.18) stUl applies. Assume the Febmary RPI is announced on March 15. Then 

before tiie announcement, E(RPIt) should include the expected RPI from March 1 to March 

14, as well as the expected Febmary RPI. The former, however, will still be in the pricing 

formula after the aimouncement, and hence will be canceled out since the dependent 

variable is the price difference. 

Equation (3.18) is testable because the relationship between the endogenous 

variable, the price change around the announcement, and the exogenous variable, the 

unexpected RPIj, is unambiguously positive. This is because all the terms in the bracket of 

equation (3.18) are positive. According to this equation, the index-linked gUt price should 

be positively related to the unexpected RPIt. 

The British RPI is generally announced at 11:00 A.M. London time, while the 

market is open until 3:30 P.M. Thus, the closing price of the announcement date can be 

used to proxy Pyr ^ . » ^^^ ^^^ closing price of the previous day can be used to proxy 

P__ ^ _ Define D* as the difference between these two closing prices, then equation (3.18) 

can be re-written as 

Dt = U(RPIt) Zt, (3.19) 
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where Ẑ  represents the terms m the bracket of equation (3.18). Equation (3.19) is derived 

based on the efficient market hypothesis. It can be formaUy tested by the foUowing 

regression, assuming Ẑ  is constant, 

Dt = a + pU(RPIt) + Et, (3.20) 

where a and P are the parameters, Et is a normally distributed error term with zero mean 
A 

and constant variance. If the market is efficient, we would expect P>0, and statistically 

significant, where the hat (^) represents the estimated value. 

If Zj is not assumed to be constant, then equation (3.20) cannot be tested by 

miming OLS. From equation (3.18), we can see that Zt contains two variables, the long-

term expected inflation and ex ante real rate. Since these two variables are not expected to 

be constant over time, the parameter P in equation (3.20) may vary from period to period. 

Johnston (1984) suggests using the Hildreth and Houck random coefficient model to deal 

with the non-constant parameter problem in linear regression when the researcher has no a 

priori knowledge about how the parameter wiU vary over time.45 Since the variation of Zt 

is determined by the variation of the long-term expected inflation and ex ante real rate. 

45 The random coefficient model developed by Hildreth and Houck (1968) can be 
written as 
yj = ttj +pjXj = (a +Dij) + (p + \)2j)Xj j = l, ,n 

where a and P represent tiie intercept and slope common to all sample points. The v- are 

stochastic variables tiiat determine the parameter values, a- and Pj, for tiie j-tii sample 
points. The error term is not particularly specified, but stiU exists, in this equation since it 
will merge with x>y. The stochastic elements, v^s, are assumed to have zero means, and to 
be uncorrelated between sample points and also between different coefficients for any given 
sample point. The parameter p: randomly flucttiates across all sample points. Since xtjj is 
a stochastic term, tiiis model impUes tiiat tiie researcher has no a priori knowledge about tiie 
fluctuation pattem of p:. It can be shown that this model has a heteroscedastic error term, 
and hence tiie OLS estimator is not efficient. An estimation procedure is suggested by 
Hildreth and Houck to constmct a feasible GLS estimator. 
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about which we have no a priori knowledge, the HUdreth and Houck random coefficient 

model is appropriate to use to test equation (3.20). 

In order to examine how fast the market absorbs this new information, we look at 

tiie daily price change for tiie next five days foUowing the announcement. Pittman (1991) 

finds that there are significant price changes for a long-term index-Unked gUt (ILG 2.5% 

2011) four days and five days before the aimouncement of RPI, which coincide with the 

announcement of PPI. She mns a simple regression between the changes of PPI and RPI 
2 

from 1980 to 1990, and finds a significant coefficient of 1.02, and an R of 64.4%. These 

findings suggest that investors observe PPI and respond to the information contained in 

PPI. To detect market response to the announcement of PPI, we could look at the daily 

price change for the five days before the RPI announcement. 

In order to examine the market response to the unexpected inflation during this 

additional ten-day period, the foUowing multiple regression wUl be mn after testing 

equation (3.20).46 

Dk,t= SdKak+ I d^PkU(RPy + ê  (3.21) 
k=-5 k=-5 

dĵ  = 1 on the kth date, otherwise dĵ  = 0. 

DK refers to the daily price change on the k-th day before or after the aimouncement date 

of RPI for month t, and Pĵ  is the coefficient measuring the market response on the k-th day 

to the unexpected infiation in the eleven-day period. 

46 Equation (3.21) will be mn without intercept in order to test the significance of 
each parameter. If the eleven daily price changes are tested by eleven simple regressions, 
both the type one error and degrees of freedom will be biased. A multiple regression 
including all eleven daily price changes is more appropriate. 
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The model developed above describes the response of the long-term index-Unked 

gUt price to the unexpected RPI. The explanation of the positive relationship between the 

two variables lies in the fact that the British govemment promises to compensate for the 

reaUzed inflation, based on the published RPI, to the index-linked gilt holders through tiie 

scaling-up of the cash flows in the future. The unexpected RPI represents the portion of 

RPI that has not been priced before announcement, and should be priced in the securities as 

reaUzed RPI becomes known to investors. 

As the index-linked gilt approaches maturity, the price response to the unexpected 

RPI wiU be different due to the lack of inflation protection in the last eight months before 

maturity. The inflation adjustment is lagged by eight months, so that the last coupon and 

the redemption value, which are indexed to the RPI eight months before maturity, are 

known to investors about six months before maturity. Thus, the index-linked gilt becomes 

a nominal contractual commitment in the last six months of its Ufe, from which investors 

are promised to be paid a fixed amount of money at the maturity date, without 

compensations for realized inflation over this interval. As a result, the price behavior of the 

index-linked gUt during that period of time should be the same as other non-indexed 

Treasury securities with the same maturity. 

The interest rate theory of the nominal debt security has been well estabUshed in the 

literature. The Fisherian theory (Fisher, 1930) argues that when investors expect inflation 

to occur in the next period, they wiU add the expected future inflation to the ex ante real rate 

in forming the nominal interest rate, in order to achieve a fixed real retum. However, the 

unexpected inflation should not have direct impact on the price of the nominal bond, 

although it may affect the price indirectly if the unexpected inflation changes investors' 

expectation of future inflation. Li the latter case, the bond price may negatively respond to 

unexpected inflation.47 Since the index-linked gilt effectively becomes a nominal security 

47 Some modified versions of the Fisherian theory were proposed by Darby 
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in the last six months before maturity, its price should be independent of, or negatively 

related to, unexpected increase in RPI during this interval. 

In summary, the price of the long-term index-linked gilt is expected to be positively 

related to unexpected RPI, since investors wiU be compensated, and thus the long-term 

index-linked gilt provides a good hedge against unexpected inflation. On the other hand, 

the index-linked gUt in the last six months of its life becomes a poor hedge against 

unexpected inflation. During this interval, its price should either not respond to, or be 

negatively related to, unexpected RPI. The price could drop if investors beUeve that 

unexpected RPI indicates an acceleration of inflation in the near future so that the short-term 

nominal interest rate wiU rise. 

Given the above hypothesis, equation (3.20) will be employed to test the price 

response of the short-term index-linked gilt to unexpected RPI. Since the short-term index-

linked gilt price should negatively respond to, or not respond at all to, unexpected RPI, the 

parameter estimate is anticipated to be smaller than or equal to zero. "Short-term" in this 

content refers to a six-month period. The relevant data issue will be discussed in Chapter 

IV. 

One limitation to the model developed above needs to be pointed out. In equation 

(3.20), the unexpected RPI is the only explanatory variable for the price change on the 

announcement date. However, it does not imply that unexpected RPI is the only factor that 

(1975), to include the tax effect, and Feldstein (1976), to include both the tax effect and the 
real balance effect. AU these theories agree upon the positive relationship between tiie 
nominal interest rate and the expected inflation, but disagree with whether the expected 
inflation wUl be incorporated into the nominal interest rate on one-to-one basis. The 
theories also agree that the unexpected inflation wiU hurt the holders of the nominal debt 
securities. For empirical evidence, see Fama and Schwert (1977), Levi and Makin (1979), 
Bomberger and Frazer (1981), Peek and Wilcox (1983), Yun (1984), and MacDonald and 
Murphy (1989). Another theory proposed by Carmichael and Stebbing (1983), the 
Inverted Fisher Effect, is opposite to the Fisherian theory. However, this theory is very 
restiictive in the sense that the model is set up based on two assumptions: moderate 
inflation and some kinds of govemment regulation. 
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wUl affect the price of the index-Unked giU. As it is shown in equation (3.18), changes in 

the ex ante real rate and expected future inflation will also affect the index-linked gilt price. 

A better model specification would include relevant explanatory variables to represent the 

impact of changes in the ex ante real rate and expected inflation on the index-linked gUt 

price around the RPI announcement date. Unfortunately, those variables are not readUy 

avaUable, which may affect the regression result. Especially if other factors affect the 

index-linked gilt price more than tiie unexpected RPI does, then the predicted positive 

relationship between the index-Unked gilt price and the unexpected RPI may not be detected 

by a statistical model. 

3.2.2 Estimate of Unexpected RPI 

The unexpected RPI is defined as the difference between the realized RPI and 

expected RPI. The latter can be estimated using time series technique, as done by others in 

the financial Uterature. The univariate ARIMA model is one of the most frequentiy 

employed time series model in the literature. However, if we have a priori knowledge that 

information contained in other variables are useful in predicting the variable of interest, 

including other relevant variables in the time series model will improve the forecast 

accuracy. 

The sample period covered in this dissertation will be from January 1984 to 

December 1994. During this period of time, 88% of the RPIs were announced several 

days after the PPI announcement. As indicated above, Pittman (1991) points out that the 

British RPI and PPI are highly correlated. The information contained in PPI may be 

fmitful in forecasting the RPI. It is implausible to assume that investors ignore the 

information in PPI when they forecast RPI. The statistical methodology employed in this 

dissertation wUl fully utUize the information contained in montiily PPI announcement to 

forecast RPI. 
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The statistical procedure is described below. 

1. The first step is to test the stationarity of both RPI and PPI. 

2. If the two series are stationary, a vector autoregressive model (VAR) is used to estimate 

the expected RPI. 

3. If both RPI and PPI are integrated of order one, a cointegration test between RPI and 

PPI is employed. If they are cointegrated, an error correction representation is used to 

forecast RPI. Otherwise, the VAR in the first differencing form is the forecast model. 

3.2.2.1 Tests of Stationarity 

If both RPI and PPI are stationary, the VAR can be employed as the forecast 

model. The VAR model, and the rationale of using this model, wUl be discussed in the 

foUowing subsection. One restriction of using VAR is that all the variables in the model 

must be stationary (Davidson and MacKinnon, 1993). 

There are several different methods to test stationarity.48 The test that will be used 

in this dissertation is the augmented Dickey-Fuller (ADF) test, which has frequentiy been 

used in the literature. The ADF test is an extension of the Dickey-Fuller (DF) test. The DF 

test was developed by Fuller (1976) and Dickey and Fuller (1979). Given a variable Xt, the 

following regression 

Ax̂  = a + pXj_i + û  (3.22) 

can be estimated to test tiie stationarity of Xj, where Ax̂  = x̂  - x^.j, p is a parameter, and û  

is the error term. In equation (3.22), if p = 0, then x̂  follows a nonstationary random 

walk process; if p < 0, tiien x̂  is a stationary AR(1) process. Under the nuU hypothesis 

48 A good description of various methods of testing stationarity can be found in 
Davidson and MacKinnon (1993), and Baneijee, Dolado, Galbraitii, and Hendry (1994). 
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that p = 0, some selective critical values of tiie test statistic are tabulated in Fuller (1976). 

The test statistic does not foUow the t-distiibution any more. 

Equation (3.22) arbiti-arily assumes tiiat tiie first-order model is correct. For most 

economic series, it tends to be under-parameterized, and hence the error term is not white 

noise. The ADF is purported to correct this problem by adding enough Ax̂ _j terms to 

whiten the error terms. 

t 
Ax̂  = a + pxt.i + I Gj Axj.i + û , (3.23) 

j=i 

where 6̂  is tiie coefficient on the lagged values of Ax. Equation (3.23) is tiie ADF model. 

The number of lags is usually determined by AJC criterion (Akaike, 1969), as suggested by 

Engle and Yoo (1987). The test statistic on p has the same asymptotic distribution as in the 

DF test, disregard of the number of lagged Axj_-s. 

3.2.2.2 Vector Autoregressive Model 

VAR is a multivariate time series model widely used in economics in recent years. 

It has been advocated, most notably by Sims (1980), as a method to estimate dynamic 

relationships among jointly endogenous variables. A major advantage of VAR is that in the 

absence of firm a priori theory conceming model specification, VAR provides a practical 

method of forecasting. The lagged values of all the variables are used to forecast the future 

values of all the variables in the system. To apply VAR to estimate expected RPIt, 

assuming RPI is found to be stationary, the following model needs to be set up: 

Pi P2 
RPIt = «! + 1 ^u RPIt-i + I ^Ik PPIt-k+ ^ Ît' (3.24) 

^ j=l •' ^ k=l 
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P, P2 
PPI, = a^ + 1 (|)2j RPI,.j + I Xj^ PPI,.k + H2f (3.25) 

J=l k=l 

In the equation, a, <|), and X are the parameters, p and p are the order of the 

autoregressive process for RPI and PPI separately, and m is an error term. Equations 

(3.24) and (3.25) have the form of a seemingly unrelated regressions system, and hence 

can be estimated by GLS. However, because the variables on the right hand side of the 

two equations are the same, the OLS estimates for each equation are identical to the GLS 

estimates for the system as a whole (Davidson and MacKinnon, 1993). Therefore, 

equation (3.24) can be estimated alone by OLS to make one step ahead forecast of RPI. 

This methodology represents an improvement over Pittman's (1991). The main 

difference between equation (3.24) and Pittman's univariate ARIMA method is that 

equation (3.24) fuUy utiUzes the information contained in PPI when forecasting RPI. The 

most useful information, in terms of forecasting RPIt, is probably those contained in PPIt. 

Both RPIj and PPÎ  refer to respective price indices of the same month. However, since 

PPIt is already avaUable before the announcement of RPIt in most months, PPIt wiU be 

treated as one-period-lagged value. Treating PPIt as lagged value in forecasting RPIt is not 

proper for those months in which RPI is announced prior to or at the same date with PPI 

announcement. Adding a dummy variable to equation (3.24) can solve this issue. 

P2 
RPIt = a + . p j RPIfj + ^^k PPIt-k + ^ ^ Dk+ ̂ i^, 

Dĵ  = 0 if PPI announced before RPI 

Dĵ  = 1 otherwise. 

In equation (3.26), D,̂  is the dummy variable, and T| is tiie parameter. 
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Kboth RPI and PPI are stationary, equation (3.26) wiU be used to estimate 

expected RPI in tiie empirical test. The difference between tiie acttial RPI and tiie estunated 

expected RPI is defined as unexpected RPI. 

3.2.2.3 Cointegration Test 

The VAR model requires that all variables be stationary. However, most empirical 

studies find that the price level in most countries is integrated at least of order one, denoted 

as I(l).49 If the British RPI and PPI during the sample period are nonstationary, a 

cointegration test should be performed before taking the fu-st differencing and applying 

VAR to the variables. Otherwise, important information may be lost. 

Engle and Granger (1987) define cointegration as follows. When two time series 

are each 1(1), but there exists a linear combination of the two series that is 1(0), then the 

two series are cointegrated.^^ GeneraUy, a linear combination of two 1(1) series is also 

1(1). In the special case that the linear combination of two 1(1) series is 1(0), it indicates 

that there is a common factor that is driving the two nonstationary series from drifting apart 

from each other. The two series may deviate away from each other as a result of short mn 

shocks, but in the long mn, they will be attiacted to each other. In other words, there is a 

long mn equilibrium relationship between these two series. Shocks to one series must be 

associated with similar movements in the other series to maintain the equUibrium. 

49 For example, MacDonald and Murphy (1989) find out that during the period 
from 1995 I to 1986IV, the CPI or equivalent of CPI of Canada, U.K., and U.S. are all 
integrated of order one. The CPI of Belgium is also integrated of order one from 1957 I to 
1986 TV. 

50 The two variables are not restricted to be 1(1). As long as they are integrated of 
the same order, and there exists a linear combination of the two that is 1(0), the two 
variables are cointegrated. Since few economic variables have an order higher than one, 
Engle and Granger (1987) use 1(1) as a general case in theU paper. 
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Therefore, the disequiUbrium in period t may provide information in forecasting the values 

of the series at t+1. 

If RPI and PPI are 1(1), a cointegration test involves two steps. The first step is to 

mn a cointegrating regression as in equation (3.27), 

RPIt = a+pPPIt+et, (3.27) 

where a is the intercept, p is the parameter, and ê  is the residual term. According to Engle 

and Granger (1987), in a bivariate system, either variable can be treated as a dependent 

variable in the cointegrating regression. Equation (3.27) can be estimated using OLS. 

Even though the two variables are nonstationary, OLS estimates wiU stUl be consistent. 

The nonstationarity wiU result in biased estimates of the standard error because both 

variables have infinite variance. As long as inference or hypothesis tests are not involved, 

this wiU not pose a great problem. 
A 

The second step is to test the stationarity of ê , the estimate of ê  in equation (3.27), 

which is also caUed the disequiUbrium of the two variables at time t. The stationarity test 
A 

can be performed by using equation (3.23), the augmented Dickey-FuUer test. If ê  is 

stationary, then RPI and PPI are cointegrated. Engle and Granger (1987) suggest using 
A 

ADF with an intercept to test the stationarity of ê , in which test the distribution of the t-

ratio is caUed the Engle-Granger distribution. Tables of critical value are avaUable in 

MacKinnon (1991). 

Engle and Granger (1987) prove that if the variables in a system are cointegrated, 

there must be an error correction representation for the system, and the converse is also 

tme. The error correction model for RPI and PPI can be expressed as: 
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Pi P2 
ARPIt = a i + 1 (|)ij ARPIj.j + S ?iik APPIt.k + Sie^.i + u^,, (3.28) 

j=l k=l 

Pi P2 A 
APPIt = a2 + 1 (l)2j ARPIt. + S >.2k APPIt-k + ^2 e^i + "21' (3-29) 

j=l k=l 

A 

where e^.j is the estunated residual from the comtegratmg regression (3.27), and represents 

the disequiUbrium at tune t-1. The intuition of equations (3.28) and (3.29) is tiiat whenever 

there is disequiUbrium in the last period, at least one of the variables must adjust in the 

current period to maintain equiUbrium. StatisticaUy speaking, between 6j and 82 , at least 
one of them must be significant. 

A significant Sj means that the RPI wiU adjust to last period's disequiUbrium to 

maintain the long-mn equUibrium between the two variables. Thus, investors can improve 

their forecast of the current RPI from last period's disequilibrium between RPI and PPI. 

The unexpected change in RPI is measured by Uĵ , which wUl be used as the explanatory 

variable in regression equations (3.20) and (3.2). 
A 

Removing the disequiUbrium terme^.j would reduce equation (3.28) to a VAR 

model in first differencing form. In the case that 6j is significant whUe we use VAR to 

estimate expected RPI, important information from last period's disequUibrium would be 

lost. 

In conclusion, following the statistical procedure introduced in the beginning of this 

subsection could give us better estimates of both expected and unexpected inflation than 

Pittman's (1991) univariate ARIMA model. The methodology proposed in this subsection 

fuUy utilizes the information contained in PPÎ  to forecast RPÎ . This mformation is, 

however, ignored by Pittman. The empirical results of the tests are presented in the next 

chapter. 
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CHAPTER IV 

EMPIRICAL EVIDENCE 

Two empUical tests wiU be conducted in this dissertation. The fu t̂ test is an 

inflation risk premium test. A model was presented in Chapter IE showing that the short-

term index-linked gUt should bear a higher inflation risk premium than the long-term index-

linked gUt. The empirical estimate of the inflation risk premium in the British index-linked 

gUt market wiU be presented in this chapter. The second test is an informational efficiency 

test. This test wiU be conducted on both the long-term and short-term index-linked gUts 

with different a priori expectations. 

This chapter includes two sections. The first section introduces the data source for 

each empirical test. The test results wiU then be presented in the second section. 

4.1 Data 

The data needed for the inflation risk premium test and the informational efficiency 

test will be introduced separately in Sections 4.1.1 and 4.1,2. 

4.1.1 Inflation Risk Premium Test 

This dissertation proposes a new measure of an inflation risk premium in the 

pricing of debt instmments. The inflation risk premium is defmed as the risk premium 

charged for the uncertainty of future inflation. This dissertation argues that the short-term 

index-linked gUt is exposed to higher inflation risk tiian the long-term index-linked gUt, and 

therefore should bear a higher mflation risk premium. An estimate of tiie inflation risk 

premium in tiie British index-Unked gUt market can tiius be obtained by subti-actmg tiie 

holding period rettun (HPR) of tiie long-term mdex-Unked gUt from tiiat of tiie short-term 

index-Unked gUt, as derived in Chapter m (equation (3.11)). The HPR wUl be measured 
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p 
on a montiily basis. The HPR for montii t is equal to ( 5 - ^ - 1), where P. represents the 

M-1 

closing price of the last ti-ading day in month t, adjusted for the accmed interest. The 

treatment of the accmed interest is discussed below. 

The index-linked gilts with a remaining Ufe to maturity of five years or less are 

caUed "shorts," otherwise they are called "longs." Shorts are quoted on clean price, which 

is the price net of accmed interest. The quoted price of the longs, on the other hand, 

includes the accmed interest. The difference between shorts and longs in price quoting has 

been eUminated since Febmaiy 28, 1986. According to Gaske (1989), daily prices of all 

index-Unked gUts began to be quoted clean as of that date. 

The HPR should include the accmed interest. In order to calculate the accmed 

interest, the coupon payment dates for the index-Unked gilts in the sample and the RPI 

levels are needed. The coupon payment dates are avaUable from the prospectus issued by 

the Bank of England for each index-linked gilt. Both the RPI and the index-Unked gUt 

price series are provided by the Datastieam Intemational. 

The selection of the long-term index-linked gilt is based on three criteria. First, the 

index-linked gilts were originally restricted to pension funds only. The restriction was 

removed in March 1982. Since then, this security could be freely traded among all 

investors. Since the index-Unked gilt is a complicated financial instmment, it may take 

some time for new investors to become more sophisticated in investing in this market. On 

that basis, index-linked gilts issued in 1982 are excluded from being picked. Second, the 

coupon rate of the long-term index-linked gilt should be simUar to that of the short-term 

index-Unked gUt to avoid the coupon effect. The coupon rate of the short-term index-Unked 

gilt is 2%, as will be shown below. Thus, the acceptable coupon rates for the long-term 

index-linked gilt include 2% and 2.5% only. Thkd, the long-term index-linked gUt should 

still have at least 20 years to maturity at the end of the inflation risk premium estUnation 

period, or December 1994. This is because the index-Unked gUt is exposed to higher 
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mflation risk as tiie years to maturity become shorter. Based on tiie three criteria, tiie ILG 

2.5% 2016 and ILG 2.5% 2020 quaUfy as the long-term index-lmked gilt in the estimation 

of tiie inflation risk premium. The ILG 2.5% 2016 is chosen because it was issued about 

ten montiis earlier than the ILG 2.5% 2020, and hence provides ten more observations. 

The HPRs of tiie short-term index-Unked gilt will be estimated, on a roU-over basis: 

ILG 2% 1988, ILG 2% 1990, ILG 2% 1992, ILG 2% 1994, and ILG 2% 1996. The 

sample period of each mdex-Unked gUt is sununarized in Table 4.1. 

The fu-st four short-term index-Unked gUts all had six years to maturity at issuance, 

and hence each of them is quaUfied to represent the short-term security m the inflation risk 

premium test. However, since the HPR wiU be measured on a monthly basis, there wUl be 

approximately 70 observations for each of the four index-linked gilts, which is a relatively 

Table 4.1 
Sample Period of Each Index-Linked Gilt in the Inflation Risk Premium Test 

Index-Linked Gilt Starting Date Ending Date 

Long-Term 

ILG 2.5% 2016 Febmary 1983 December 1994 

Short-Term 

ILG 2% 1988 

ILG 2% 1990 

ILG 2% 1992 

ILG 2% 1994 

ILG 2% 1996 

Febmary 1983 

March 1988 

January 1990 

Febmary 1992 

May 1994 

Febmary 1988 

December 1989 

January 1992 

April 1994 

December 1994 
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small sample for a statistical test. The ILG 2% 1996 was issued in March 1981, witii a 

mattirity date in September 1996. The original years to mattirity are too long to be qualified 

as a short-term security. By May 1994, this original long-term security became a short-

term security witii less than tiiree years to mattirity left. RoUmg over tiie HPRs from aU tiie 

five issues extends the sample period to approximately twelve years, from Febmary 1983 

to December 1994, or 143 observations. 

To ascertain whether the difference of HPRs is caused by future inflation 

uncertainty, the former wUl be regressed on three proxies of inflation risk, as specified in 

equation (3.13). The proxies are the averages of the absolute changes of monthly realized 

inflation, monthly growth rate of money supply, and monthly growth rate of monetary 

base, for the last twelve months. The inflation rate is measured as rate of change of RPI. 

M3 will be used as a measure of money supply, which consists of currency in circulation 

and all private sterling deposits, including both demand and time deposits.^^ MO is 

officially defined as the monetary base by the Bank of England. Both M3 and MO are 

reported on various issues of the Bank of England Ouarterly Bulletin. 

4.1.2 Informational Efficiencv Test 

In the announcement effect study, the daily price change of the index-linked gUt wiU 

be regressed on unexpected RPI, as specified in equations (3.20) and (3.21). The daily 

price change wiU be measured by (F^^^^ - ?^^^^). where P^^^ ̂ ^ and P^^^^^ represent 

the index-linked gilt price after and before the announcement of RPÎ , respectively. The 

closing price of the announcement day wiU be used to proxy P ĵ̂ ^ ̂ ,̂ and the closing price 

51 Either Ml or M2 is the most frequently used measure of U.S. money supply. In 
the U.S.,M1 includes currency in circulation, travelers checks, demand deposits, and other 
checkable deposits. M2 includes Ml plus overnight repurchase agreements, savings and 
small time deposits, and balances in money market funds. 
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of the previous day proxies P ^^. The daily price changes five days around the 

announcement day wiU be measured in a simUar fashion. 

As argued in Section 3.2, the price response to the unexpected RPI for tiie long-

term index-linked gilt should be different from that of the short-term index-linked gUt. The 

short-term used here refers to the last six montiis before maturity. The long-term index-

linked gUt price is expected to be positively related to unexpected RPI, since the future cash 

flows of the index-linked gilt are mdexed to tiie pubUshed RPI. In tiie last six montiis 

before maturity, however, the index-linked gUt becomes a nominal contractual 

commitment, whose price behavior should be the same as other nominal debt securities 

with the same maturity. Therefore, the price of the short-term index-linked gUt should be 

independent of, or negatively respond to, the unexpected RPI. 

In this dissertation, the informational efficiency test wiU be appUed to both the long-

term and short-term index-linked gUts. The ILG 2.5% 2016 wUl represent the long-term 

index-Unked gUt. Both the RPI and PPI aimouncement dates are required for the test, 

which are provided by the courtesy of the British Cential Statistical Office for the period 

from January 1984 to December 1994. Since the RPI forecast model includes 24th lags of 

both RPI and PPI series, the estimated unexpected RPI will cover the period from Febmary 

1986 to December 1994. Furthermore, the unexpected portion of Febmary RPI would 

affect the index-linked gilt price on the RPI announcement date in March. As such, the test 

sample of the long-term index-linked gilt will cover from March 1986 to December 1994. 

The RPI is announced once a month. The announcement effect test on the short-

term index-linked gUt will thus be based on only six observations, which is a small sample 

for vaUd statistical test. To mcrease the sample size, tiie daUy price change data of the 

short-term index-Unked gilt will be obtained from ILG 2% 1988, ILG 2% 1990, ILG 2% 

1992, and ILG 2% 1994, on a roll-over basis. The sample period of each index-linked gUt 

is summarized in Table 4.2. 
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Table 4.2 
Sample Period of Each Index-Linked GUt in the Informational Efficiency Test 

Index-Linked Gilt Starting Date Ending Date 

Long-Term 

ILG 2.5% 2016 March 1986 December 1994 

Short-Term 

ILG 2% 1988 

ILG 2% 1990 

ILG 2% 1992 

ILG 2% 1994 

March 1986 

March 1988 

January 1990 

Febmary 1992 

Febmary 1988 

December 1989 

January 1992 

April 1994 

Table 4.2 shows that the price change data for each short-term index-linked gilt wUl 

cover approximately the last two years of the gUt's Ufe. By rolUng over the price change 

data from the four different short-term index-linked gilts, tiie sample size is increased from 

6 to 98 continuous observations. However, there is a cost involved. According to the 

tiieory, the price should be positively related to unexpected RPI untU six montiis before 

maturity, and independent of unexpected RPI in the last six montiis of the gilt's life. Thus, 

approximately 75% of the total observations in tiie sample for the "short-term" index-linked 

gUt may have a significantly positive relationship with unexpected RPI, which wiU bias the 

test result. The bias, if exists, wUl make the short-term index-Unked gilt price positively 

related to, which in fact is independent of, unexpected RPI. 

The unexpected RPI is defined as the difference between the published RPI and the 

expected RPI. The latter wiU be forecast by either equation (3.26), tiie VAR model, or 
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equation (3.28), the error correction model, depending on whether RPI and PPI are 

cointegrated. In the Uterature of time series forecast, it is suggested to separate the 

estimation period from the forecast period. In the announcement effect study, the forecast 

period mns from January 1984 to December 1994. If all the requu-ed data are available, the 

forecast model would be estimated based on the data prior to January 1984. Unfortunately, 

the PPI announcement dates before January 1984 are not available.^^ AS a result, the 

forecast model will be estimated using the PPI and RPI data from January 1984 to 

December 1994. 

4.2 Empirical Results 

The empirical results of the infiation risk premium test and informational efficiency 

test wiU be presented separately in Sections 4.2.1 and 4.2.2. 

4.2.1 Inflation Risk Premium Test 

The inflation risk premium is defmed as the risk premium charged by holders of 

debt securities for the uncertainty of future inflation. In the Uterature, there are three studies 

using British mdex-Unked gUt to measure the inflation risk premium. Gaske (1989) 

measures the inflation risk premium as the difference between the montiily holding period 

retums of the British conventional gUt and index-linked gUt, based on tiie argument tiiat this 

difference should be mainly attributed to the inflation protection provided by tiie mdex-

Unked gUt. Gaske fmds a 3.21% inflation risk premium from March 1982 to Febmary 

1988. However, the estimate is not statisticaUy different from zero. Gaske's measurement 

of the inflation risk premium ignores two factors. First, the difference of tiie holdmg 

52 Equation (3.26) shows why the PPI announcement dates are required. Simply 
speaking, in any month t, if PPIt is announced before (after) the announcement of RPIt, 
then PPIt wiU (not) be used to forecast RPIf The relative timing of the announcements of 
PPI and RPI is essential to tiie forecast model employed in this dissertation. 
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period retums between the two gUts is influenced by changes in expected fumre inflation, 

as weU as inflation risk premium, since a drop of expected future inflation will raise the 

price of the conventional gUt much more than the price of index-linked gilt.53 According to 

Gaske, the relevant expected future mflation decUnes from 10.88% in March 1982 to 

5.98% in Febmary 1988. Thus, the inflation risk premium measured by Gaske can be 

considered overestimated, which includes the effect of declining expected fumre inflation. 

Second, the two gilts bear different coupon rates, 14% versus 2%, and hence are subject to 

different tax rates. 

Pittman (1991) measures the inflation risk premium as the difference between the 

realized real rate on a three-month T-biU and the geometric average ex ante real rate on a 

long-term index-Unked gilt. Pittman finds a statisticaUy significant 1.86% estimate of the 

inflation risk premium per annum during 1982 II and 1989 HI. FoUowing Fischer (1975), 

Pittman argues that future inflation uncertainty is the only factor that makes the ex ante real 

rate of nominal bond higher than that of the indexed bond with the same maturity date. 

However, Pittman did not provide justification for replacing the long-term nominal bond by 

a three-month T-bUl. As a result, Pittman's measure includes at least two components. 

The first one is the real yield differential between long-term and short-term securities. The 

second is the inflation risk premium differential between three-month T-bill and long-term 

index-linked gUt, which may not exist since neither security is exposed to much inflation 

risk. 

53 A nominal bond is contiacted on nominal basis, and therefore its price is an 
inverse function of expected future inflation. Conversely, an inflation-indexed bond is 
contracted on real basis, so the price should not be affected by expected future inflation. 
The British index-linked gilt is basically conti-acted on real basis. However, it is not 
perfectiy hedged against future inflation due to tiie eight-month lagged adjustment. 
Therefore, the price of the British index-linked gilt wiU respond to changes in expected 
future mflation, but not to tiie extent of tiie price of a nominal bond. 
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Chu, Lee, and Pittman (1994) also fmd a statistically significant 2.41% infiation 

risk premium per annum in the British gUt market during January 1985 and August 1991. 

Their methodology is the same as Pittman's (1991), except montiily data are used in place 

of quarterly data. 

4.2.1.1 Inflation Risk Premium in the British Index-Linked 
GUt Market 

An altemative way to measure the inflation risk premium is proposed in this 

dissertation. The difference between the holding period retums for short-term and long-

term index-linked gilts, with simUar coupon rates, is taken as a measure of the inflation risk 

premium. The rationale is that the main factor that causes the difference between holding 

period retums of the two securities is different inflation risk exposure. In Chapter II, it 

was shown that the short-term index-linked gilt is exposed to much higher inflation 

uncertainty than the long-term index-Unked gUt, due to the eight-month lagged inflation 

adjustment. Thus, the short-term index-Unked gilt investors should charge a higher risk 

premium than the long-term index-linked gilt investors. 

This methodology is free of the criticism on both Gaske and Pittman. Since both 

securities are index-linked gUts, the price responses to change of expected future inflation 

should be simUar to each other. Furthermore, the coupon rates are similar to each other, 

2.5% versus 2%, the tax differential between the two is negUgible. Finally, since the 

measure is based on the difference between two holding period retums, it does not mclude 

the yield differential between two securities witii different maturities. 

Table 4.3 includes the summary statistics of both short-term and long-term index-

linked gilts' holding period retums and the inflation risk premium. The holding period 

retum is measured on a monthly basis from Febmary 1983 to December 1994. The 
P, 

holding period retum for month t is equal to ( 5 - ^ - 1 ), where P̂  represents the closing 
M-1 
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Table 4.3 
Holding Period Retums and the Inflation Risk Premium of 

British Index-Linked GUts : Summary Statistics 
(Febmary 1983 - December 1994) 

Mean 

monthly 

annual 

Standard Deviation 

monthly 

annual 

Median 

monthly 

annual 

Skewness 

Kurtosis 

t-statistic 

Shapu-o-WiUc 
Normality Test 

Sign Test 

Wilcoxon Signed 
Ranks Test 

Short-Term Index-

Linked Gilt's HPR 

0.72% 

8.62% 

0.95% 

11.44% 

0.65% 

7.76% 

0.21 

0.91 

9.01 
(0.0001) 

0.971 
(0.0804) 

45.5 
(0.0001) 

3866 
(0.0001) 

Long-Term Index-

Linked Gilt's HPR 

0.54% 

6.46% 

2.72% 

32.62% 

0.16% 

1.87% 

1.01 

2.11 

2.37 
(0.0193) 

0.938 
(0.0001) 

9.5 
(0.1293) 

851.5 
(0.0797) 

Inflation Risk 

Premium 

0.18% 

2.16% 

2.30% 

27.59% 

0.45% 

5.44% 

-0.93 

2.02 

0.94 
(0.3503) 

0.954 
(0.0005) 

12.5 
(0.0444) 

966 
(0.0512) 

Note- HPR stands for holding period retum. The mean and standard deviation are annualized by 
" multiplying the monthly data by 12. Numbers in the parentheses are the p-values. The null 

hypothesis of the Shapiro-Wilk normality test is that the distribution is normal. 
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price of the last trading day in month t, adjusted for the accmed interest.54 The data are 

annualized by multiplying the monthly data by 12. The inflation risk premium is measured 

by subti-acting the long-term index-Unked gilt's HPR from the short-term index-linked 

gilt's HPR. 

The annual holding period retum of the short-term index-linked gilt for the sample 

is 8.62%, which is higher than that of tiie long-term index-linked gih (6.46%) by 2.16%. 

This result is consistent with the prediction of the model developed in Chapter IQ. Due to 

the eight-month adjustment lag, short-term index-linked gilts' investors are exposed to 

greater inflation risk than long-term index-linked gilts' investors. To compensate for the 

higher risk, investors charge a higher risk premium on short-term than on long-term index-

linked gilts, which can be estimated by the difference of short-term and long-term index-

Unked gilts' holding period retums. During the sampling period, the inflation risk premium 

in the British index-linked gilt market is estimated to be 2.16% per annum.55 

54 The index-Unked gilts with a remaining life to maturity of five years or less are 
called "shorts," otherwise they are called "longs." Shorts are quoted on clean price, which 
is the price net of accmed interest. The quoted prices of the longs, on the other hand, 
included the accmed interest. The difference between shorts and longs in price quoting has 
been eliminated since Febmary 28, 1986. According to Gaske (1989), daily prices of all 
index-linked gilts began to be quoted clean as of that date. For tiie calculation of holding 
period retum, the accmed interest is added to the clean price. 

55 The 2.16% annualized infiation risk premium is an estimate based on the 
difference of the HPRs between a composite short-term index-linked gUt and only one 
long-term index-linked gilt, ILG 2.5% 2016. An altemative inflation risk premium is 
measured using a composite long-term index-linked gUt to replace ILG 2.5% 2016. The 
composite long-term security is composed of ILG 2.5% 2011 (1983.2 - 1988.2), ILG 
2.5% 2013 (1988.3 - 1989.12), ILG 2.5% 2016 (1990.1 - 1992.1), and ILG 2.5% 2020 
(1992.2 - 1994.12). These long-term index-linked gilts are selected based on the three 
criteria discussed in tiie text. The period covered by each long-term index-linked gUt 
approximately corresponds to the composite short-term index-linked gilt sample, as listed 
in Table 4.1. The composite long-term index-linked gUt has an annualized HPR of 6.57%, 
with an annualized standard deviation of 31.82%. These two statistics are very close to 
those of the ILG 2.5% 2016 presented in Table 4.3. The altemative inflation risk premium 
is measured as the difference of the HPRs between the composite short-term and long-term 
index-linked gilt samples. The estimated inflation risk premium is 2.05% per annum, witii 
an annualized standard deviation of 27.07%. This evidence suggests that the result 
presented in the text is not sample specific. 

116 



For the fuU sample, the nuU hypothesis that the infiation risk premium is not 

significantiy different from zero cannot be rejected based on a 0.94 t-statistic. However, a 

careful examination of the data questions the use of the t-statistic. The disti-ibution of the 

inflation risk premium is relatively skewed to the left, as shown by the skewness 

coefficient of -0.93. The Shapuro-WiUc normality test in Table 4.3 also rejects the null 

hypothesis that the inflation risk premium is normally distributed at 0.01 significance level. 

The box plot of the inflation risk premium shows that there are some outliers that are 

mainly responsible for the skewness and nonnormality of the distribution. For a single 

sample, a mle of thumb is that those observations beyond three standard deviations can be 

considered as outUers. There are three observations that meet this criterion.56 The 

summary statistics of the inflation risk premium excluding these three observations are 

presented later in this section. This analysis confirms that these observations are qualified 

as outiiers and have great impact on the distribution and statistical test results. 

Conover (1980) argues that significant outliers, which increase the standard error to 

a great extent, are detiimental to the power of the t-test. He suggests the use of 

nonparametric tests when significant outliers exist. The power of a test is equal to one 

minus the probability of a type n error. The type II error measures the probability of 

failing to reject the null hypothesis when it is false. The power of a test thus measures the 

probability of rejecting the false null hypothesis, when the altemative hypothesis is tine. 

56 Based on the three standard deviations criterion, observations less than -6.72% 
or more than 7.08% are considered as outiiers. The three outiiers occurred in April 1986 
(2.93%, 10.38%, -7.45%), November 1987 (0.57%, 9.12%, -8.55%), and September 
1992 (2.63%, 9.80%, -7.17%). Numbers in each parenthesis are the short-term HPR, 
long-term HPR, and the inflation risk premium for that month. The unusually high 
monthly HPRs for both short-term and long-term index-linked gilts in April 1986 and 
September 1992 indicate tiiat there were some significant economic events occurring in 
those two months tiiat affected both the short-term and long-term debt security markets. 
Since the long-term index-linked gilt has a much longer Macaulay's duration than the short-
term index-linked gilt, due to a longer maturity, the price of tiie long-term index-Unked gUt 
was increased considerably more than that of the short-term index-linked gilt. 
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The power of the t-test on the mfiation risk premium in this dissertation is only 0.24 at the 

0.05 level of significance, given the estimated 0.18% monthly mflation risk premium is 

tine. In otiier words, if the inflation risk premium is indeed 0.18% per montii, and tiie t-

test is performed at tiie 0.05 significance level witii tiie null hypotiiesis that tiie mfiation risk 

premium is zero, the probabiUty of correctly rejecting the false nuU hypothesis is only 

0.24.57 

Given such a low power, the t-test is not necessarily the best test. Under this 

cu-cumstance, there are two altematives to the parametric test. The fu-st one is to perform 

nonparametric tests, as suggested by Conover. The second one is to examine the economic 

significance of the 2.16% inflation risk premium per annum. 

Two nonparametric test results are also included in Table 4.3. These are the sign 

test and the Wilcoxon signed ranks test. The null hypothesis of each nonparametric test is 

that the median, instead of the mean, is equal to zero. The former statistic is significant at 

0.05 level, the latter is significant at 0.1 level. The sign test may be considered a more 

appropriate test for the inflation risk premium, because the Wilcoxon signed ranks test 

requires a symmetric distribution. The interpretation of the two nonparametric tests is not 

exactly the same as that of the t-test. The median is another measure of the central tendency 

of a distribution. As reported in Table 4.3, the median of the inflation risk premium is 

0.45% per month, or 5.44% per annum, which is significantiy different from zero based 

57 As mentioned in the text, the power of the t-test will drop as significant outliers 
occur. However, the low power of the t-test in this dissertation can not be attributed to the 
outiiers only. Given the total number of observations, the higher the standard deviation is, 
the lower the power will be. The reason is that a higher standard deviation will lower the t-
ratio, and hence makes it more unlUcely to reject the null hypothesis. The standard 
deviation of the inflation risk premium is fakly high relative to the mean, which is one of 
the main reason to cause the low power of the t-test. One way to increase the power of the 
test, under this circumstance, is to increase the sample size. Unfortunately, the sample size 
cannot be increased due to data avaUabiUty problem. 
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on both sign test and Wilcoxon signed ranks test. This impUes that 50% of the estimated 

monthly inflation risk premiums are more than 0.45%, or 5.44% on annual basis. 

In most empirical considerations, economists are concemed with economic 

significance as well as statistical significance. There is no doubt that an average 2.16% 

inflation risk premium per annum, with a median of 5.44%, is economically significant to 

investors. The 2.16% inflation risk premium is approximately a quarter of the 8.62% 

average annual holding period retum of the short-term index-linked gUts. The importance 

of the inflation risk premium can be further illustrated in the context of the real holding 

period retum. The arithmetic average annual inflation rate from 1983 to 1994 is 4.89% in 

the U.K. The ex-post real holding period retum during this sample period is thus 3.73% 

for the short-term index-linked gih, and 1.57% for the long-term index-linked gUt. The 

2.16% inflation risk premium represents 58% of the real retum of short-term index-linked 

gUts. The 5.44% median further indicates that over half of the sampling period, short-term 

index-linked gilt investors were compensated for bearing the inflation risk by at least 

5.44% annualized premium. Thus, based on both nonparametric tests and the economic 

significance of tiie estimated inflation risk premium, it is implausible to argue that the 

inflation risk premium in the British index-linked gih market is not significantiy different 

from zero. 

In order to examine the significance of tiie three outliers, all the statistics presented 

in Table 4.3 are calculated and summarized in Table 4.4, which excludes the three outiiers 

in the estimation. A comparison between Table 4.3 and Table 4.4 indicates that the three 

outiiers significantiy affect the distribution of the inflation risk premium. Table 4.4 shows 

that although tiie inflation risk premium is still skewed to the left without the three outiiers, 

but the magnittide of the skewness is much smaller than that found witii the outiiers 

included in Table 4.3. The Shapu-o-Wilk normality test in Table 4.3 rejects the null 

hypothesis that the inflation risk premium is normally distiibuted at 0.01 significance level. 
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Table 4.4 
Holding Period Retums and the Inflation Risk Premium of 

British Index-Linked GUts : Summary Statistics 
(Febmary 1983 - December 1994, excluding three outUers) 

Short-Term Index- Long-Term Index- Inflation Risk 

Linked Gilt's HPR Linked Gilt's HPR Premium 

Mean 

monthly 

annual 

Standard Deviation 

monthly 

annual 

Median 

monthly 

annual 

Skewness 

Kurtosis 

t-statistic 

Shapu-o-WUk 
NormaUty Test 

Sign Test 

Wilcoxon Signed 
Ranks Test 

0.69% 

8.28% 

0.93% 

11.17% 

0.65% 

7.74% 

0.16 

1.05 

8 77 
(o.booi) 

0.975 
(0.1978) 

44 
(0.0001) 

3664 
(0.0001) 

0.34% 

4.08% 

2.38% 

28.57% 

1.45% 

1.74% 

0.50 

0.88 

1.69 
(0.0930) 

0.969 
(0.0465) 

8 
(0.2015) 

641.5 
(0.1737) 

0.35% 

4.19% 

2.00% 

24.05% 

0.46% 

5.52% 

-0.33 

0.39 

2.06 
(0.0410) 

0.982 
(0.5204) 

14 
(0.0222) 

1179 
(0.0137) 

Note: HPR stands for holding period return. The mean and standard deviation are annualized by 
multiplying the monthly data by 12. Numbers in the parentheses are the p-values. The null 
hypothesis of the Shapiro-Wilk normality test is that the distribution is normal. 
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The same test obtains a 0.5204 p-value in Table 4.4, which faUs to reject the normaUty 

hypothesis of the inflation risk premium. These statistics, together with the means, 

standard deviations, and t-statistics in the two tables lead to the foUowing conclusion. 

Without the three outliers, the inflation risk premium is normaUy distributed with a 

StatisticaUy significant non-zero mean.58 The average annualized inflation risk premium is 

4.19%, which is much higher than that with the outUers. The annualized median of 5.52% 

in Table 4.4, however, is very close to that found with the outliers in Table 4.3. These 

negative outUers effectively lower the mean, increase the standard deviation, skew the 

distribution, and lower the t-statistic. The influence of the three outUers on the distribution 

is very significant. Although the above observation does not justify excluding the outiiers 

from the sample, it does suggest that nonparametric tests may be more appropriate. 

4.2.1.2 Term Premium in the British Securities Market 

Chapter HI indicates that most empirical evidence supports the argument that 

investors charge a term premium for holding longer-term securities. In other words, for 

typical non-indexed bonds, the long-term security is expected to have a higher holding 

period retum than its short-term counterpart. For example, Fama (1976a, 1984a) shows 

that the term premium, as measured by the difference between the monthly holding period 

retums of long-term and short-term securities, exists in the U.S. Treasury security market. 

If the term premium also exists in the British govemment securities market; i.e., the long-

term govemment security in general has a higher holding period retum than its short-term 

counterpart, the measurement of the inflation risk premium would be mitigated by tiie 

magnitude of the term premium. Table 4.5 presents the summary statistics of the HPRs of 

both long-term and short-term conventional gUts and the difference between the two, which 

58 The power of the t-test is 0.66 at the 0.05 significance level provided the 
estimated mean is the tme mean. 
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Table 4.5 
Holding Period Retums and the Term Premium of British Conventional GUts : 

Sunmiary Statistics (Febmary 1983 - December 1994) 

Long-Term Conven- Short-Term Conven

tional Gilt's HPR tional Gilt's HPR Term Premium 

Mean 

monthly 

annual 

Standard Deviation 

monthly 

annual 

Median 

monthly 

annual 

Skewness 

Kurtosis 

t-statistic 

Shapko-WUk 
Normality Test 

Sign Test 

Wilcoxon Signed 
Ranks Test 

0.99% 

11.92% 

2.92% 

35.06% 

0.77% 

9.22% 

0.29 

1.46 

4.06 
(0.0001) 

0.991 
(0.9650) 

21.5 
(0.0004) 

1935 
(0.0001) 

0.87% 

10.39% 

1.20% 

14.34% 

0.72% 

8.60% 

0.22 

2.47 

8.67 
(0.0001) 

0.966 
(0.0223) 

47.5 
(0.0001) 

3922 
(0.0001) 

0.13% 

1.52% 

2.49% 

29.83% 

-0.02% 

-0.18% 

0.38 

2.45 

0.61 
(0.5429) 

0.970 
(0.0572) 

-0.5 
(1.0000) 

236 
(0.6360) 

Note- HPR stands for holding period retum. The mean and standard deviation are annualized by 
multiplying the monthly data by 12. Numbers in the parentheses are the p-values. The null 
hypothesis of the Shapiro-Wilk normality test is that the distribution is normal. 
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is defined, simUar to Fama, as the term premium in the conventional gUt market. The 
p 

monthly HPR of the conventional gUt is also measured as ( 5 - ^ - 1 ), where P. represents 
M-1 

the closing price of the last trading day in month t, adjusted for the accmed interest. The 

Exchequer 12% 2013/17 is picked to represent the long-term conventional gih. The short-

term sample is also composed of several short-term conventional gilts on a roll-over basis, 

including Treasury 12% 1987 (Febmary 1983 - October 1987), Exchequer 12.25% 1992 

(November 1987 - December 1990), and Treasury 12% 1995 (January 1991 - December 

1994).59 The selection of the conventional gUts are based on two criteria. First, the long-

term and short-term securities should have simUar coupon rates. Second, the years to 

maturity of the conventional gUt should be as close as possible to those used in the analysis 

of the corresponding index-Unked gUt. 

During the sample period from Febmary 1983 to December 1994, the average 

annual holding period retum is 11.92% for the long-term conventional gUt, and 10.39% for 

the short-term conventional gilt. The difference between the two, an estimate of the term 

premium, is 1.52% per annum. However, the estimated term premium is not statistically 

significant.^^ Still, the evidence found in the conventional gilt market lends further support 

to the importance of the inflation risk premium in the index-Unked gUt market. Without the 

inflation risk premium, we would also expect a higher holding period retum for long-term 

index-Unked gilt over short-term index-linked gih. The reversed relationship found in the 

index-linked gUt market indicates that tiie inflation risk premium is a dominant factor over 

59 The Exchequer and the Treasury are different in names, but the same in all other 
aspects. 

60 The test result based on the t-test is even more problematic for the term premium 
due to the very high standard deviation relative to the mean. The power of the test at 0.05 
significance level is only 0.15, provided the estunated term premium is the tme term 
premium. In other words, tiie probability of makmg incorrect conclusion based on the t-
test is 0.85. 
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the term premium in the index-linked gUt market. This evidence suggests that the above 

measure of the inflation risk premium may be a lower bound estimate. 

In summary, if terms were the only factor relevant in explaining relative holding 

period retums, we would expect short-term index-linked gilt securities to have the same or 

lower retums than longer-term index-linked gUt securities. Yet, the empUical finding in the 

index-linked gilt market is just the opposite. In this market, shorter-term securities have 

significantiy higher holding period retums than longer-term securities. Such evidence is 

consistent with the latter securities having less infiation rate risk. 

4.2.1.3 Time Variation in the Inflation Risk Premium 

Table 4.6 analyzes the relationship between the inflation risk premium and inflation 

uncertainty proxies. Since the inflation risk premium is a premium charged for future 

inflation uncertainty, it is expected to be a positive function of some inflation uncertainty 

proxies. Four proxies are used in this dissertation to explain the time series variation in the 

monthly inflation risk premium. They are the averages of the absolute monthly changes in 

the last twelve months of (1) inflation (Uj), (2) growth rate of monetary base (U2), and (3) 

growth rate of money supply (IJ^)-^^ These three proxies were introduced in Chapter IQ. 

One additional inflation uncertainty proxy, U4, is also considered in the empuical test. U4 

is defined as the residual of the following regression: 

61 Inflation is measured as the rate of change of RPI. Monetary base is the MO 
pubUshed in the Bank of England Quarterly Bulletin. Money supply comes from the same 
data source. From Febmary 1983 to December 1988, M3 is used to represent money 
supply. M3 includes notes and coins in circulation, private sector sterling sight deposits 
and time deposits, and pubUc sector steriing deposits. Starting from January 1989, the 
Bank of England discontinued to publish the M3 statistic. Since then until December 1994, 
M4, which was not published in the first several years of the sample period, is used to 
represent money supply. M4 includes notes and coins in circulation, banks' interest 
bearing deposits, and building societies' shares and deposits. Since it is the average 
monthly growth rate instead of amount outstanding that wiU be used as inflation uncertainty 
proxy, the assumption required here is that the monthly growth rates of M3 and M4 are not 
very different from each other. 
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Table 4.6 
Regression Results of the Inflation Risk Premium on Inflation 

Uncertainty Proxies (Febmary 1983 - December 1994) 

Regression: 

Ui 

U2 

U3 

U4 

A 

a 
0.0055 

(0.5678) 

0.0078 
(0.5276) 

0.0013 
(0.8156) 

0.0018 
(0.3396) 

(«St-HLt) = 

A 

fi 
-0.8076 
(0.6947) 

-0.2041 
(0.6223) 

0.0415 
(0.9255) 

1.2476 
(0.1131) 

R-square 

0.0011 

0.0017 

0.0001 

0.0177 

Note: There are 143 observations in the sample. H„ represents the holding period retum of short-term 

index-linked gilt. H. represents the holding period retum of long-term index-linked gilt. (H_ -
LX ot 

H ) represents the inflation risk premium. Û  is the inflation uncertainty proxy. There are four 
proxies. U, is the average of the absolute changes of past twelve monthly inflation rates. U2 is the 
average of the absolute changes of past twelve monthly growth rates of monetary base. U^ is the 
average of the absolute changes of past twelve monthly growth rates of money supply. U^ is the 
residual from the regression equation (4.1). Numbers on the top are parameter estimates. Numbers 
in the parentheses are p-values. 
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12 12 12 
INFt = a + . 1 PljINFt.; + I p2jMBt.| + I PsiMSt.; + Et, (4.1) 

j=l •* •' j=l -̂  -' j=l •* -̂  

where INF is the inflation rate, MB is the monetary base, and MS is the money supply. 

The three variables are the same variables used in the three inflation uncertainty proxies in 

the text. U4 measures the part of the inflation rate that cannot be explained by the behaviors 

of three relevant and important macroeconomic variables in the last twelve months. As 

more of the current inflation cannot be explained by major exogenous factors, investors 

tend to become more uncertain about future inflation. 

The inflation risk premium is first regressed on the four proxies (equation (3.13)), 

and the results are summarized in Table 4.6. None of the parameter estimates are 

significant at the 0.1 level.62 However, the parameter estimate of U4 is 1.247632, which 

is much higher than the other three, with a p-value of 0.1131, which is almost significant at 

the 0.1 level. Since the inflation risk premium is not normally distributed, statistical 

inference based on the regression parameter estimate may not be vaUd. An altemative 

procedure is to perform a nonparametric test. Table 4.7 reports both the Spearman and 

Kendall tau nonparametric correlation coefficients, and their p-values for the null 

hypothesis that the correlation coefficient is zero, between the inflation risk premium and 

four proxies. As can be seen from the table, the inflation risk premium is not correlated 

with Ui, U2, and U3 based on both nonparametric tests. However, the inflation risk 

premium is significantly correlated with U4 at the 0.1 level based on both the Spearman and 

Kendall tau correlation coefficient tests. Both correlation coefficients are positive, which 

62 The negative parameter estimates for Uj and U2 are caused by the three outiiers. 
When the outUers are excluded from the sample, parameter estunates ttim to be positive, 
but stiU not significant. Further evidence shows that Uj and U3 may not be appropriate 
measures of inflation uncertainty. Unit root tests show that the inflation risk premium and 
Uo are stationary, while Uj and U3 are nonstationary. Statistically speaking, the two 
nonstationary variables may not be related to the stationary mflation risk premium. 
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Table 4.7 
Nonparametric Correlation Coefficients Between the Inflation 

Risk Premium and Inflation Uncertainty Proxies 
(Febmary 1983 - December 1994) 

(«st - " L , > 

spearman Correlation Coefficient Kendall Tau Correlation Coefficient 

Ui 

U2 

U3 

U4 

-0.0922 
(0.2733) 

0.0095 
(0.9103) 

0.0109 
(0.8975) 

0.1395 
(0.0966) 

-0.0570 
(0.3122) 

0.0025 
(0.9652) 

0.0155 
(0.7841) 

0.0935 
(0.0977) 

Note: There are 143 observations in the sample. H_ represents the holding period retum of short-term 

index-linked gilt. H represents the holding period retum of long-term index-linked gilt. (H^^ -

H ) represents the inflation risk premium. Uj is the inflation uncertainty proxy. There are four 

proxies. U, is the average of the absolute changes of past twelve monthly inflation rates. U2 is the 

average of the absolute changes of past twelve monthly growth rates of monetary base. U3 is the 

average of the absolute changes of past twelve monthly growth rates of money supply. U4 is the 

residual from the regression equation (4.1). Numbers on the top are parameter estimates. Numbers 

in the parentheses are p-values. 
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means higher mflation uncertainty is associated with a higher montiily mflation risk 

premium. The significantiy positive relationship between the mflation risk premium and 

tiie inflation uncertamty proxy, U4, is consistent with the tiieory. 

4.2.1.4 Summary 

In conclusion, this dissertation provides an altemative measure of tiie inflation risk 

premium in the British index-linked market, based on the recognition that the lagged 

adjustment procedure limits the effectiveness of shorter-term mdex-Unked gUts as hedges 

against inflation. The inflation risk premium is measured as the difference between the 

holding period retums of the short-term and long-term index-linked gilts, which represents 

the risk premium charged by investors for the higher inflation risk inherent in short-term 

index-linked gUt than long-term mdex-Unked gUt. Based on this definition, an average 

2.16% annual inflation risk premium is found in British index-linked gUt market during the 

sample period from Febmary 1983 to December 1994. The median of the 143 monthly 

inflation risk premiums is 0.45%, or 5.44% on an annual basis. The estimated inflation 

risk premium is approximately a quarter of the 8.62% average annual holding period 

retum, or 58% of the 3.73% real holding period retum, of short-term index-linked gUts. 

Its economic significance is not negUgible. There are three outUers in the sample of the 

inflation risk premium. These outUers effectively lower the mean, increase the standard 

deviation, and lower the t-statistic. The average annuaUzed inflation risk premium is found 

to be 4.19%, with a 5.52% of annuaUzed median, excluding the outiiers. During the same 

period of time, the long-term conventional gUt has an average annual holding period retum 

about 1.52% higher than the short-term conventional gUt. The evidence found in the 

conventional gUt market mdicates that tiie inflation risk premium found m the index-linked 

gilt market is not a phenomenon common to aU debt security markets as a result of some 

economy-wide events in the U.K. Instead, the inflation risk premium is a specific 
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premium in the index-linked gUt market. The significant Spearman correlation coefficient 

between the inflation risk premium and U4 suggests that the time variation of the inflation 

risk premium is associated with the variation of future inflation uncertainty. 

4.2.2 Market Reaction to RPI Announcement and 
Informational Efficiencv Test 

The empirical results of the informational efficiency tests wUl be presented in this 

section. In the literature, the only informational efficiency test on the British index-linked 

gilt market was conducted by Pittman (1991). She regressed the daily nominal retum of 

ILG 2.5% 2011 on both expected inflation and unexpected inflation for the period from 

August 1982 to July 1990. Pittman expects to find that tiie rettim on the RPI 

aimouncement date be positively related to unexpected inflation in a significant manner, and 

unrelated to expected infiation. Her empirical results show that the expected inflation does 

not affect the security retum, as anticipated, on the RPI announcement date. However, the 

retum is also not significantiy related to unexpected infiation on the RPI announcement 

date, but positively related to unexpected infiation at the 0.01 level four days and five days 

before the RPI announcement date. Since in Pittman's sampling period, the PPI (Producer 

Prices Index) was announced four days prior to the RPI announcement in most months, 

she explains that the positive response of the security retum four days and five days before 

the RPI announcement is a market reaction to unexpected PPI. 

Pittman's explanation suggests that the estimated inflation based on RPI in her 

study may contain information of the unexpected PPI of the same month. This explanation 

is plausible since the monthly change in PPI level is highly correlated with the monthly 

change in RPI level in her sampUng period.63 Moreover, Pittman estimates unexpected 

63 Pittman regresses the change of PPI on the change of RPI from 1980 to 1990 
and finds a positive parameter estimate of 1.02, witii a R of 0.644. 
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RPI by employing a univariate ARIMA model based on tiie last sixty montiis of RPI 

announcements only. The mformation contained in the current PPI announced four days 

ago is not used to forecast the RPI of the same month. As a result, in her model the 

prediction error of PPI may appear in the prediction error of RPI of the same month. In 

those months that PPI was announced before RPI, investors in the British index-Unked gilt 

market should revise thek expectation of RPI that wUl be announced several days later 

based on the mformation contained in the PPI announcement. In that setting, the security 

retum four days and five days prior to the RPI announcement date should not respond to 

unexpected RPI. The above discussion suggests that Pittman's estimate of unexpected RPI 

is not a good proxy, and this may have biased her analysis. 

In this dissertation, an informational efficiency test will be performed on the 

British index-linked gUt market, which improves Pittman's work in three aspects. First, 

the information contained in the PPI announcement, if it was made prior to the RPI 

announcement of the same month, as well as the previous PPIs will be used to forecast the 

next RPI. Since the prediction error of PPI is already incorporated in the RPI forecast 

model, the parameter estimates four days and five days before the RPI announcement date 

should not be significant. Second, the informational efficiency tests will be performed on 

both long-term and short-term index-linked gilts with different a priori expectations. Since 

long-term index-linked gilt investors wUl be compensated for realized inflation, the price of 

this security is expected to be positively related to unexpected RPI news. On the other 

hand, index-linked gilts become nominal conti-actual agreements without adjustment for 

inflation in the last six montiis before maturity. As such, prices of the shortest to mature 

index-linked gilts are expected to be unrelated, or even negatively related, to unexpected 

RPI news. The negative response to unexpected RPI may occur if investors regard an 

unexpected increase in RPI as an indication of higher futtire inflation. Third, the dependen 

variable used in the announcement effect study wiU be the daUy change of price level of the 
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index-linked gUt, instead of the nominal rettim used in Pittman's work. In an inflationary 

environment, the price of index-Unked gilt continues rising, given other things constant. A 

£1 increase in price due to an unexpected increase in RPI may amount to 1% increase in 

retum in 1982, but only 0.5% in 1992. As a result, the slope estimate tends to be 

downward biased when the nonunal retum is used as the dependent variable. 

4.2.2.1 Estimate of Unexpected RPI 

The first step of this analysis is to decompose an RPI announcement into expected 

and unexpected parts. The monthly RPI is usually announced in the second or the third 

week of the foUowing month. The RPI is announced at 11:00 A.M., and the market is 

open until 3:30 P.M. The RPI series used in this dissertation is seasonally unadjusted, 

which is the only RPI series published by the British government. 

The unexpected RPI forecast model can be improved over Pittman's by employing 

a multivariate time series model including both RPI and PPI announcements. The latter 

should include the previous PPIs and the contemporaneous PPI, if available. In Chapter 

m, two approaches were presented as possible forecast models: an error correction 

representation and a VAR model. The choice of the forecast model between the two 

depends on whether the RPI and PPI series are cointegrated. If the two series are 

cointegrated, then the error correction representation is a better forecast model because 

more information will be used in forecasting. Otherwise, the VAR model, including both 

previous RPIs and PPIs, wiU be used to forecast unexpected RPI. 

If RPI and PPI are cointegrated, both series must be nonstationary with the same 

order of integration, and the residual of the cointegrating regression needs to be stationary. 

Table 4.8 presents the results of the augmented Dickey-Fuller (ADF) unit root tests on 

monthly RPI and PPI. The sample period covers from Febmary 1983 to December 1994. 

The number of lags is determined by the Akaike Information Criterion (AIC), as weU as the 
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Table 4.8 
Unit Root Tests on RPI and PPI (Febmary 1983 - December 1994) 

Augmented Dickey-Fuller Equation 

ARPÎ  = a + pRPIj.! •̂- I 6i ARPI .̂j + û  
j=l 
t 

APPIj = a + pPPIt.i + I Oi APPIt.i + Uj 
j=i 

Panel A : Tests on Levels 

RPI 

PPI 

A 

P 

-0.003271 

-0.000546 

ADF Statistic 

-1.524 

-0.434 

Panel B : Tests on First Differencing 

RPI 

PPI 

A 

P 

-0.418007 

-0.622578 

ADF Statistic 

-3.077** 

-4.114* 

Note- There are 143 observations. The augmented Dickey-Fuller equations are directly applied for tests on 
levels For tests on first differencing, RPI and PPI are differenced once before applying the two 
equations. The critical value is -2.577 for 0.1 significance level (***), -2.882 for 0.05 significance 
level (**), and -3.477 for 0.01 significance level (*), based on the table m MacKinnon (1991). 
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criterion of achieving white noise residuals, as suggested by Engle and Yoo (1987).64 

Panel A of Table 4.8 includes tiie test resuhs on levels for both series. The null hypothesis 

is that there is one unit root in tiie series. The test statistics are -1.524 and -0.434 for RPI 

and PPI, respectively. Neither statistic is significant at 0.1 level, which has a critical value 

-2.882. The test results fail to reject that there is at least one unit root in botii series.65 In 

otiier words, both RPI and PPI are nonstationary. Panel B of Table 4.8 presents the unit 

root test resuks on first differencing of each variable. As shown m the table, tiie ADF for 

the RPI series is significant at 0.05 level, and the ADF for the PPI series is significant at 

0.01 level.66 This result indicates that both RPI and PPI are integrated of order one, or 

I(l).67 

Since the RPI and PPI series are both nonstationary with the same order of 

integration, they will be cointegrated if the residual of the cointegrating regression is 

stationary. The summary results of the cointegration test between RPI and PPI are reported 

64 The ADF test is an extension of the Dickey-FuUer (DF) test. The DF test can be 
specified as 
AXj = a -Hpx̂ _j -H u^, where Ax̂  = Xj - x^_j. Since the time series variable tends to have 
autocorrelation stmcture, the residual of the DF regression may not follow the white noise 
process. In the ADF test, Ax^j terms are added to whiten the residual. The AIC is 
measured as (n)ln(SSE/n) + 2P in a regression setting, where n is the number of total 
observations, SSE is the error sum of squares, and P is the number of parameters in the 
model. The AIC is usually used for model selection. The criterion is that the model with 
the smallest AIC is better, which is consistent with minimizing SSE with the smallest 
number of parameters. The white noise test used is the Portmanteau test (or Q test) based 
on chi-square statistic, calculated for the first twelve lags. In determining the number of 
lags in the ADF test, the model that has the smallest AIC with white noise residual is 
chosen. 

65 The p-value of the white noise test for the first twelve lags is 0.44 for the RPI 
series, 0.96 for the PPI series, both of which fail to reject the null hypothesis of white 
noise. 

66 The p-value of the white noise test for the first twelve lags is 0.21 for the first 
differencing of RPI series, 0.91 for the first differencing of PPI series, both of which fail 
to reject the null hypothesis of white noise. 

67 Similar results are found using log price index in place of the raw price index. 
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in Table 4.9. The cointegrating regression regresses RPI on PPI. The residual from the 

cointegrating regression has an ADF statistic of -4.51, which rejects the nuU hypothesis at 

0.01 significance level that the residual is nonstationary.68 Since both RPI and PPI are 1(1) 

and their linear combination, the residual, is 1(0), the two series are cointegrated. 

Engle and Granger (1987) prove that when two series are cointegrated, there must 

be at least one error correction representation. Table 4.10 reports the estimation of the error 

correction representations for the RPI and PPI series. The regression models, equations 
A 

(3.28) and (3.29), are duplicated on the top of the table. The error correction term, e^.j, in 

the model is the residual from the cointegrating regression, and represents the 

disequiUbrium between the two variables in the last period.69 According to Engle and 
A A 

Granger, at least one of the two parameter estimates, 5j and 82, of the error correction 

terms must be significant if two variables are cointegrated. The lags of the two models are 

again selected based on AIC criterion, as suggested by Engle and Granger. The residuals 

from both models are white noise.70 
A A 

In Table 4.10, 6 j is significant at 0.01 level, whUe 82 is not significant. The 

UnpUcation of this result is that whenever RPI and PPI deviate from each otiier, or the 

common ti-end, then RPI wUl move back toward PPI, and not vice versa. This result is 

reasonable since we would expect the retaU prices to adjust along witii tiie variation of 
A 

production input prices, mstead of a reverse price adjustment process. A significant 61 in 

the error correction representation mdicates that last period's long-mn disequilibrium is 68 The p-value of the white noise test for the fu-st twelve lags is 0.37 for the 
cointegration test, which fails to reject the null hypothesis of white noise. 

69 For the first regression model in table 4.10, tiie error correction term is tiie 
residual of regressing RPI on PPI. The en-or correction term for the second model in table 
4.10 is the residual of regressing PPI on RPI. 

70 The p-values for the fu-st twelve lags are 0.84 and 0.89 for the two models, 
which faU to reject tiie nuU hypotiiesis tiiat tiie residuals follow white noise process. 
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Table 4.9 
Comtegration Test on RPI and PPI (Febmary 1983 - December 1994) 

Cointegrating Regression RPIt = a +pPPIt +8t 

Augmented Dickey-FuUer AEJ = 5 -H pe^.i -h I Oj Aê .i + û  
j=i 

Cointegrating Regression Result 

Variable Parameter Estimate Standard Error 

A 

a 
A 

P 

-21.267543 

1.445097 

1.123350 

0.011810 

Augmented Dickey-FuUer Test 

Variable Parameter Estimate ADF Statistic 

A 

P -0.080079 -4.510* 

Note: There are 143 observations. The standard error in the cointegrating regression should not be 
explained in the same way as in an ordinary regression setting. In the ADF test, the critical value is 
-3.976 for 0.01 significance level (*), based on the table in MacKinnon (1991). 
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Table 4.10 
Error Correction Representation for RPI and PPI 

(Febmary 1983 - December 1994) 

ARPIt = a, + 1 ^,. ARPIt.j + S ^ i , APPIt., + b^e^_, + û , 
J=l k=l 

P l P2 
APPI, = a j + 1 ,f2j ARPI,.j + I >.2, APPI,., + 52 e,., + u ,̂ 

J=l k=l 

Intercept 

A 

^t-i 

ARPIt.i 

ARPIt.2 

ARPIt.4 

ARPIt.5 

ARPIt.i2 

ARPIt.24 

APPIt-i 

APPIt.3 

APPIt-4 

APPIt-12 

APPIt-24 

ARPI^ 

-0.207793 
(0.0399) 

-0.091262 
(0.0001) 
0.264680 

(0.0003) 

0.218391 
(0.0029) 
0.165313 

(0.0055) 
0.384456 

(0.0001) 
0.397447 

(0.0001) 
0.410901 

(0.0149) 
0.413767 

(0.0121) 

-0.622649 
(0.0014) 
0.377389 

(0.0894) 
-0.627106 
(0.0103) 

APPIj 

0.066916 
(0.1073) 

-0.005068 
(0.6548) 
0.056911 

(0.0642) 

0.060998 
(0.0281) 

0.074377 
(0.0148) 

0.089328 
(0.0084) 

-0.143736 
(0.0001) 
0.191461 

(0.0069) 
0.236792 

(0.0020) 

-0.337922 
(0.0001) 
0.417685 

(0.0001) 
0.259107 

(0.0121) 

Note: The input data include both RPI and PPI series from February 1983 to December 1994, which 
amount to 143 observations for each series. The R-square is 0.700 for the first regression, and 0.650 
for the second. Numbers in the parentheses are p-values. 
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useftil in forecasting the unexpected RPL Smce Sj is negative, the RPI is expected to 

move closer to PPI m the current month if tiie two series drifted away from each other in 

the previous montii. The highly significant lagged PPIs in Table 4.10 ftirtiier indicate that 

there is valuable information in previous changes in PPIs in terms of forecasting RPI. It 

suggests that Pittman's univariate ARIMA model ignored significant information in 

explaining the behavior of RPI. 

Table 4.11 provides a fiirther extension of the RPI forecast model. The mput data 

include RPI and PPI from January 1984 to December 1994.71 The model is based on the 

error correction representation in Table 4.10 along with one additional variable, APPIj. 

This variable recognizes that the PPI announcement generally leads the RPI announcement 

by a few days. APPÎ  is the change of PPI from month t-1 to month t, if the PPI was 

announced before RPI by at least one day in month t. Otherwise, APPÎ  is equal to zero. 

During the sample period, the PPI was announced before the RPI 116 times out of the total 

132 monthly announcements. Adding APPÎ  to the forecast model is consistent with 

market efficiency hypothesis in the sense that investors should utilize all the relevant and 

available information in forming expectation of important economic variables. The p-value 

of APPIj is 0.0003. The very high significance level of APPÎ  indicates that it is an 

important variable in forecasting RPI. This again suggests a misspecification problem for 

Pittman's univariate ARIMA model. 

The unexpected change in RPI is the residual from the forecast model in Table 

4.11, while the fitted value proxies market expectation.72 xhe model includes only 

information that would have been available to a forecaster at the time a one-step ahead 

71 As explained in Section 4.1, the announcement dates for both RPI and PPI are 
available only for this period of time. 

72 If long enough data are available, it is preferred to separate the estimation period 
from the forecast period. 
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Table 4.11 
Forecast Model for Unexpected RPI (Febmary 1986 - December 1994) 

ARPÎ  = a + 1 (|)j ARPIj.j + XQAPPI^ + IK APP t̂-k + ^t.\+ t̂ 
j=l k=l 

ARPÎ  p-value 

Intercept 
A 

^t-l 

ARPIt.i 

ARPIt^ 

ARPIt.5 

ARPIt.i2 

ARPIt.24 

APPIj 

APPIt-i 

APPIt.3 

APPIt-4 

APPIt-12 

APPIt-24 

-0.233043 

-0.092327 

0.256848 

0.197066 

0.141616 

0.363383 

0.528233 

0.637426 

0.251808 

0.348411 

-0.435389 

0.041265 

-0.805613 

0.0192 

-0.0001 

0.0003 

0.0063 

0.0172 

0.0001 

0.0001 

0.0003 

0.1236 

0.0323 

-0.0217 

0.8554 

0.0011 

Note: The input data include both RPI and PPI series from January 1984 to December 1994, which amount 
to 132 observations for each series. However, the forecast model only generates 107 unexpected RPI 
values, from February 1986 to December 1994, due to the 24th lag in the model. The R-square of 

the forecast model is 0.742. AFPÎ  = PPI^ - PPI^.i if PPI is announced before RPI; otherwise, 

APPIj = 0. 
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forecast was developed. Since tiiere is 24th lag in tiie forecast model, tiie fu t̂ 25 

observations are used to calculate tiie lagged values. As a result, tiie estimated unexpected 

RPI has a shorter sample period, from Febmary 1986 to December 1994. 

The forecast model presented in Table 4.11 uses tiiree pieces of information tiiat 

were ignored by Pittman. The first is the information contained m previous lagged changes 

m PPI announcements. The second is tiie disequiUbrium between RPI and PPI in the last 

period, as captured by the error correction term in the model, which is expected to cause an 

adjustinent of the RPI toward tiie PPI in the current period. The tiurd is the information 

contained in the contemporaneous change in the PPI announcement, if which is made prior 

to the announcement of the RPI of the same month. Since the expected RPI change is 

forecasted by using more information avaUable in the market, the unexpected RPI generated 

by this model should be a better proxy than Pittman's. 

4.2.2.2 Long-Term Index-Linked Gilt 

This dissertation argues that the price of a long-term index-linked gUt should be a 

positive function of unexpected increase in RPI. This expectation is very different from 

what is expected for a non-index-Unked security, for which the price should be unrelated to 

unexpected RPI. In the context of market efficiency hypothesis, investors are expected to 

have incorporated the expected portion of the RPI announcement into the security price 

prior to the monthly RPI announcement. The security price is expected to immediately 

adjust after the announcement in accordance with unexpected RPI. An unexpected increase 

in RPI should result in an increase in the price of the long-term index-linked gUt. This 

theoretical statement about market efficiency is tested in this dissertation, as weU as the 

proposition that unexpected increases in the RPI should result in increase in the prices of 

long-term index-linked gUts. The results are presented below. 
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The fu t̂ test is performed by regressmg tiie long-term mdex-Unked gUt daUy price 

change munediately after tiie RPI announcemem on unexpected RPI component. Such a 

metiiodology has been used witii success in tiie money supply announcement Uteramre. 

The price change around tiie RPI announcement is estimated by P̂  - P^.j, where P̂  and P̂ .̂  

represent the closing price on tiie announcement date and one day before tiie announcement 

date, respectively.73 Based on tiie above argument, tiie parameter estimate is expected to 

be positively significant on tiie announcement date. FoUowing Pittinan, the regression wiU 

then be expanded to include daUy price changes five days after tiie announcement date in 

order to detect whetiier there is a delayed price adjustinent. The RPI is announced at 11:00 

A.M., and the market is open until 3:30 P.M. If the price can be adjusted in a timely 

fashion, the parameter estimates for aU five days after the RPI announcement should not be 

significant. 

The daUy price changes of the five days before the announcement date are also 

included in the multiple regression for the foUowing reason. As mentioned above, Pittman 

(1991) finds the parameter estimates significant at the 0.01 level four days and five days 

before the RPI announcement date, but not significant on the RPI announcement date.74 

Pittman's finding may be the result of her forecast model, a univariate ARIMA model based 

on the past 60 months' RPIs, for unexpected RPI. In most months of Pittman's sampling 

period, the PPI was announced four days before the RPI announcement. Moreover, the 

two price indices are highly correlated, in both level and first differencing. As a result, the 

estimated unexpected RPI in Pittman's study may contain information of the unexpected 

73 The price used in the informational efficiency test is the clean price, which is net 
of accmed interest. 

74 Pittman regresses daily price changes fifty days before, and five days after, the 
RPI announcement date on both expected and unexpected inflation. The inflation rate is 
measured as rate of change of RPI. Pittman's sample period covers from August 1982 to 
July 1990. 
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PPI of tiie same month. The significant parameter estimates around tiie PPI announcement 

thus may indicate the response of market investors to tiie unexpected PPI. 

The forecast model of unexpected RPI in this dissertation represents an 

improvement over Pittinan's in the sense tiiat more information contained in botii past and 

current PPI is included in tiie model. For any particular month, the PPI announced several 

days before RPI is used to forecast the expected RPI of the same montii. The unexpected 

RPI estimated in tiiis way should not be contaminated by previous unexpected PPI 

announcements, and the parameter estunates for the five days before the announcement date 

are expected to be non-significant. 

Both the simple regression (4.2) and multiple regression system (4.3) formulated in 

Chapter IQ are reproduced here: 

Do t = a + pU(RPIt) -f- Ej, (4.2) 

Dk,t = , I dj^a^ 4- i d^PkU(RPy + e, (4.3) 
k=-5 k=-5 

dĵ  = 1 on the kth date, otherwise dĵ  = 0, 

where DQ ̂  is the daily price change on the RPI announcement in month t. Dĵ  ̂  is the daily 

price change k days before (-) or after (+) the announcement date in month t. U(RPy is 

the unexpected RPI for month t, measured by the residuals of the expanded error correction 

(Table 4.11) model. When the price change on the kth date is regressed on unexpected 

RPI, the corresponding dummy variable dĵ  takes the value of one, the other ten days' 

dummy variables wiU be equal to zero. In the multiple regression, the price changes of all 

eleven days around the RPI announcement are regressed on unexpected RPI in one 

equation with eleven dummy variables. In such regression setting, there will be an 

intercept and a slope estimates for each of the eleven days around the RPI announcement 
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date. This method is preferred to mnning one sunple regression for each day. The two 

metiiods wUl obtain exactly the same estimates for intercept and slope. The shortcoming of 

mnning eleven simple regressions with the same explanatory variable is that botii tiie 

degrees of freedom and type one error will be much biased.75 

It has been demonsti-ated in Chapter m that when the daily price change is 

regressed on unexpected RPI, tiie parameter may not be constant. A random coefficient 

regression model was proposed to handle this issue. However, since the Ukelihood ratio 

tests for all the regressions reject the nuU hypothesis that the coefficient is random, only the 

constant parameter regression results will be presented. 

Table 4.12 reports the price responses of the long-term index-linked gilt to 

unexpected RPI for the eleven-day period around the RPI announcement date.76 The 

parameter estimate on the announcement date is not significant at the 0.1 level in eitiier the 

simple or the multiple regressions. Based on this evidence, the long-term index-linked gilt 

price does not significantiy respond to unexpected RPI on the aimouncement date. The 

nonsignificant parameter estimate is inconsistent with the a priori expectation. Both the 

coupon payments and redemption value of long-term index-linked gilts are scaled up by the 

ratio of the most recent RPI to the base RPI. At the announcement date, if the published 

RPI is higher than what is expected, the price should rise to reflect the unexpected increase 

75 Two degrees of freedom are used in each simple regression. In the eleventh mn, 
the tme degrees of freedom should be equal to n - 22. However, the statistical software 
will use n - 2 as the degrees of freedom for all the eleven simple regressions for calculation 
purpose. The type one error is the probability of rejecting the null hypothesis when it is 
tme. Since all the eleven simple regressions have the same exogenous variable, the tme 
type one error will be unbiased only for the first mn. In all the subsequent mns, the tme 
type one error wiU be higher than the stated type one error. 

76 Table 4.11 generates unexpected RPI from Febmary 1986 to December 1994. 
However, the Febmary RPI was announced in March. Therefore, the unexpected portion 
of Febmary RPI, instead of March RPI, is the relevant information that would affect the 
index-linked gilt price on the RPI announcement date in March. This explains why table 
4.12 covers the period from March 1986 to December 1994. 
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Table 4.12 
Pnce Responses of tiie Long-Term Index-Lmked GUt to Unexpected RPI 

(March 1986 - December 1994) 

Simple Regression: 

Multiple Regression: 

Do ^ = a -h pU(RPIt) -h e, 

Dk,t= idKak+ i d,Pi,U(RPy-H e, 
k=-5 k=-5 

d|̂  = 1 on the kth date, otherwise dĵ  = 0 

Dates 

D-5, 

D-4,t 

D3,t 

0-2, 

D-l,, 

Do,t 

Dl,, 

D2,, 

D3,t 

D4.. 

D5, 

B Parameter Estimate 

0.054738 

0.327252 

0.012083 

-0.122944 

-0.193394 

-0.109184 

(-0.109184) 

0.043452 

0.115405 

0.010100 

0.191562 

-0.225029 

Standard Error 

0.144109 

0.144109 

0.144109 

0.144109 

0.144109 

0.144109 

(0.171140) 

0.144109 

0.144109 

0.144109 

0.144109 

0.144109 

t-Statistic 

0.380 

2.271 

0.084 

-0.853 

-1.342 

-0.758 

(-0.638) 

0.302 

0.801 

0.070 

1.329 

-1.562 

p-value 

0.7041 

0.0233** 

0.9332 

0.3938 

0.1799 

0.4488 

(0.5249) 

0.7631 

0.4234 

0.9441 

0.1840 

0.1187 

Note: The simple regression has 106 observations, with a R-square of 0.004. The multiple regression has 
1,166 observations, with a R-square of 0.022. DQ ^ is the daily price change on the RPI 

announcement date in month t. Dĵ  ̂  is the daily price change k days before (-) or after (+) the 

announcement date in month t. U(RPL) is the unexpected RPI for month t. Numbers in the 

parentheses are simple regression results. ** represents significant at the 0.05 level. 
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in futtire cash flows. However, the empirical fmdings reported here suggest tiiat market 

investors of long-term index-Unked gUt do not seem to pay much attention to tiie RPI 

announcement, provided tiie estimated unexpected RPI in tius dissertation is a good proxy. 

This unanticipated resuh is the same as Pittinan's fmdmg. 

In the multiple regression, the parameter estimates for aU five days after tiie 

announcement date are not significant at the 0.1 level. In other words, tiiere is no delayed 

response, as weU as immediate adjustment, of the price to unexpected RPI. 

The only significant slope parameter estimate in the multiple regression is P,^, 

which measures the price response to unexpected RPI four days before the announcement 

date. The parameter estimates for aU five days before the announcement date are expected 

not to be significantiy different from zero, since the unexpected RPI is not known untU the 

RPI announcement. A significant p_4 is contrary to the a priori expectation. 

However, a diagnostic examination shows that there is one influential extreme value 

in the daUy price change four days before the announcement date that pulls the regression 

line away from other observations. The statistic used to detect influential observations is 

DEBET AS, which is a scaled measure of the change in each parameter estimate, calculated 

by deleting the jth observation. Formally, DEBETASwĵ  is defined as equal to (bj^ - bĵ ĵN)/ 

-^MSE/jXjj ,̂ which measures the impact of the jth observation on the parameter estimate of 

the kth variable. The numerator is the difference between the parameter estimate bĵ  of the 

kth variable based on aU observations and the parameter estimate b^^^ when the jth 

observation is omitted. The denominator is a standardization factor, where MSE/ĵ  is the 

mean squared error when the jth observation is deleted and Cj^ is the kth diagonal element 

of (X'X)-l, X being the matrix of the independent variables. Neter, Wasserman, and 

Kutner (1989) suggest that when the absolute value of DEBET AS exceeds 1 for smaU to 

medium-size sample and 2/Vn for large sample, the observation may be considered as 

influential. The total observations in the long-term index-linked gUt announcement 
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regression are 106, which can be regarded as a large sample. However, in order to be 

more conservative, an observation is considered as influential only if its absolute value of 

DFBETAS is more than four times of 2/Vn, or 0.777, for tiie long-term index-lmked gUt 

sample. 

The November 1987 observation has a DFBETAS value of 2.198 for tiie slope, 

which indicates that this observation greatiy steepens the regression line and pulls tiie line 

away from other observations. This outiier takes the value of £4.7187, which is very 

unusual since the price change of long-term index-linked gUt rarely exceeds £2 in one day. 

Without tiie November 1987 observation, tiie range of the long-term index-Unked gih price 

change four days before the announcement date over the whole sample period is between 

£0.7187 and-£1.5938. 

This observation is deleted from the whole sample for two reasons. First, the 

£4.7187 increase in price was a response to the comment made by the U.K. Chancellor of 

the Exchequer that the British govemment was ready to cut interest rates if necessary.77 In 

other words, the £4.7187 daily price change had littie to do with the RPI announcement. 

Instead, it was caused by some other market factors not included in the model. As 

mentioned in Chapter IE, a limitation of the model in this dissertation for aimouncement 

effect study is that the RPI announcement may not be the only factor that wUl affect the 

price change of index-linked gilt. As a result, the market efficiency test may be biased by 

some other market factors that are not included in the model. Since the major interest of the 

77 This comment was made during the weekend. On the following Monday, which 
was four days before the November 1987 RPI announcement date, seven out of the nine 
outstanding index-linked gUts with more than ten years to maturity have risen by more than 
£4 in price. The prices of the other two also rose by more than £3. This indicates that the 
£4.7187 increase in price for the ILG 2016 on that particular day was part of a marketwide 
reaction to expected drop in interest rate, instead of being related with that month's RPI 
announcement. 
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announcement effect sttidy is to examine tiie relationship between price change and 

unexpected RPI, tiie deletion of the November 1987 observation seems to be justifiable. 

Second, a simple regi;ession line serves the purpose to explain the relationship 

between two variables for tiie majority of observations. As the regression line is pulled 

away to fit one particular observation, it loses tiie power to explain most otiier observations 

in tiie sample. This argument does not imply that all infiuential outiiers should be deleted 

from the sample, but it suggests that a comparison between the results with and witiiout 

influential outUers may provide us a more complete picttire of the relationship between tiie 

variables of interest. 

A simple regression of the daily price change four days before the announcement 

date on unexpected RPI, excluding the large outUer of November 1987, is mn but not 

tabulated. It obtains a parameter estimate 0.086308, with a p-value 0.4395. This slope is 

much less steep as compared with 0.327252 for the same date D^ ^ Usted in Table 4.12. 

The very high p-value indicates that the long-term index-Unked gilt price four days before 

the RPI announcement date, without the outiier, does not significantiy respond to 

unexpected RPI. The comparison between the two regression results, with and without the 

outlier, shows that the significant p,^ in Table 4.12 is driven by one extreme observation, 

instead of representing a steady positive relationship between the price change four days 

before the aimouncement date and unexpected RPI. Based on the results presented above, 

deleting the November 1987 observation seems appropriate in terms of understanding the 

normal price reaction to unexpected RPI four days before the aimouncement date. 

In summary, the parameter estimate on the announcement date is not significant at 

the 0.1 level for the long-term index-Unked gUt during the sampling period from March 

1986 to December 1994, which is inconsistent with the a priori expectation.78 Investors 

78 Two additional regression tests have been conducted, but not reported in the text. 
The dependent variable in both tests is the daily price change of the long-term index-linked 
gilt on the RPI announcement date. In the first test, both the expected and unexpected RPI 
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are anticipated to adjust long-term index-Unked gUt price unmediately after tiie RPI 

announcement. However, tiie empirical fmdmg suggests that the long-term mdex-Unked 

gUt mvestors do not seem to pay much attention to tiie announcement of RPI, provided tiie 

estimated unexpected RPI in this dissertation is a good proxy. The finding for tiie long-

term mdex-Unked gUt is also mconsistent witii that for the short-term index-Unked gUt. 

This unanticipated result wiU be further discussed after presenting tiie empuical findmgs for 

the short-term index-Unked gUt m tiie next subsection. 

The nonsignificant parameter estunates for aU five days after tiie announcement date 

mdicate tiiat tiiere is no delayed response to unexpected RPI. The nonsignificant parameter 

estimates for aU five days before the announcement date, after excluding the November 

1987 outUer, suggest that Pittman's findmg probably results from an mappropriate 

unexpected mflation proxy. As mentioned m the begmning of this section, Pittinan (1991) 

finds significant parameter estimates four days and five days before the RPI announcement 

date, which time coincides with the PPI aimouncement. It was argued that Pittman's 

finding may be a result of inappropriate unexpected RPI measure which contains 

information of unexpected PPI of the same month. The unexpected RPI estimated m this 

dissertation fiiUy utilizes the information contained in the most recentiy pubUshed PPI, as 

weU as previous PPIs, and therefore should be independent of unexpected PPI. Thus, the 

index-linked gUt price around the PPI announcement should not respond to unexpected 

RPI, which argument is supported by the empirical evidence. 

are included as explanatory variables to examine whether the index-Unked gUt price indeed 
does not respond to expected RPI, as predicted by the efficient market hypothesis. The 
parameter estimate of the expected RPI is 0.109954, with a p-value of 0.274. This result is 
consistent with the model prediction that the expected RPI is not a relevant variable in 
determining the index-linked gUt price on the M*I announcement date. The unexpected RPI 
has a parameter estimate of -0.11(X)6, with a p-value of 0.521. In the second test, the 
explanatory variables include the expected and unexpected inflation. The parameter 
estimate is 11.38204 for the expected inflation, with a p-value of 0.352. For the 
unexpected inflation, the parameter estimate is -9.763867, with a p-value of 0.664. 
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4.2.2.3 Short-Term Index-Lmked GUt 

The mformational efficiency tests are also performed on tiie short-term index-Unked 

gUt; tiie results are presented m this subsection. In tiiis context, very short-term refers to 

the last six-montii period of an index-Unked gUt because of tiie unique price behavior 

during tiiis period of time. The price of tiie index-Unked gUt, from issuance to six montiis 

prior to mattirity, is expected to be positively related to unexpected RPI due to tiie 

compensation to gUt holders for reaUzed RPI. In tiie last six montiis before mamrity, 

however, the index-linked gUt effectively becomes a nominal security, whose price 

behavior should be the same as other nominal debt securities with the same mamrity; i.e., 

the price should be independent of, or negatively related to, unexpected RPI. The 

informational efficiency test on the very short-term index-linked gUt is thus an examination 

of the price response to unexpected RPI in the last six months of the index-linked gUt's life. 

Each particular index-linked gUt security has only six observations qualified as a 

very short-term security. And there have been only four mamred index-Unked gUts, which 

means too smaU of a sample for a vaUd statistical test. In order to increase the sample size, 

the daUy price change data in this test are obtained from aU index-linked gUts that have been 

mattired, includmg ILG 2% 1988, ILG 2% 1990, ILG 2% 1992, and ILG 2% 1994. The 

daUy price change data for each index-linked gUt are further expanded to cover 

approximately the last two years of the gUt's life, so that the sample size can be increased 

from 24 to 98 continuous observations. 

There is a cost involved for the expansion of sample size. As mentioned earUer, the 

price should be positively related to unexpected RPI rises untU six months before mamrity, 

and independent or negatively affected by unexpected RPI rises in the last six months of the 

gUt's life. Thus, approximately 75% of the total observations in the sample may have a 

significantly positive relationship with unexpected increases in RPI, which may bias 

against the test result. The bias, if exists, wiU make the short-term index-linked gUt price 
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positively related to, which in fact is mdependent of, unexpected RPL Therefore, if tiie ftiU 

sample has an nonsignificant parameter estimate on the announcement date, it provides a 

sti-ong support tiiat the index-Unked gUt price does not respond to unexpected RPI in tiie 

last six months. On tiie otiier hand, inference about tiie mdex-Unked gUt price behavior in 

the last six months cannot be made based on a significantiy positive parameter estimate on 

the fuU sample, smce which result could be driven by tiie otiier 75% observations. In tius 

case, a further test separating the last six-month observations from the rest of the sample is 

required. 

Table 4.13 reports the price responses of the full sample to unexpected RPI for the 

eleven-day period around the RPI announcement date. The sample covers from March 

1986 to April 1994. The simple regression has a parameter estimate which is not 

significant at the 0.1 level. In the multiple regression, however, the parameter estimate is 

significantiy different from zero at 0.1 level on the announcement date, at 0.05 level on the 

next day after the aimouncement date, but not significant on the other nine days. There is 

an explanation for the parameter estimate on the announcement date which is significant in 

the multiple regression, but not significant in the simple regression at the 0.1 level. The 

March 1986 observation has a fairly high DFBETAS value, 0.7811, for the slope in the 

simple regression.79 The simple regression excluding this observation obtains a parameter 

estimate 0.1(X)947, with a p-value 0.0510. Obviously, the March 1986 observation has 

relatively large impact on the simple regression. In the multiple regression, however, the 

impact becomes smaller because of the increased degrees of freedom. 

Since the parameter estimates on both the announcement date and the next day after 

the announcement date are positive and statisticaUy significant, further tests separating tiie 

last six-month observations from the rest of the sample are performed. The sample 

79 This observation is not considered to be deleted from the sample because it does 
not meet the preset criterion of four times of 2/yfn, or 0.808 for the sample size of 98. 
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Table 4.13 
Price Responses of tiie "Short-Term" Index-Linked Gilt to Unexpected RPI 

(March 1986 - April 1994) 

Simple Regression: 

Multiple Regression: 

Do t = a + pU(RPy + Ej 

Dk,t= IdK«k+ IdkPkU(RPIt) + et 
k=-5 k=-5 

dĵ  = 1 on the kth date, otherwise dĵ  = 0 

Dates 

D-5,. 

D-4.t 

D3,t 

0-2,, 

D-l , 

Do,t 

D l , 

D2,t 

D3,t 

D4,t 

D5,. 

P Parameter Estimate 

0.065579 

0.072464 

0.069530 

0.025887 

0.004802 

0.097730 

(0.097730) 

0.111628 

0.068884 

-0.035880 

-0.008268 

-0.033746 

Standard Error 

0.056592 

0.056592 

0.056592 

0.056592 

0.056592 

0.056592 

(0.064683) 

0.056592 

0.056592 

0.056592 

0.056592 

0.056592 

t-Statistic 

1.159 

1.280 

1.229 

0.457 

0.085 

1.727 

(1.511) 

1.972 

1.217 

-0.634 

-0.146 

-0.596 

p-value 

0.2468 

0.2007 

0.2195 

0.6475 

0.9324 

0.0845*** 

(0.1341) 

0.0488** 

0.2238 

0.5262 

0.8839 

0.5511 

Note: The simple regression has 98 observations, with a R-square of 0.023. The multiple regression has 
1,078 observations, with a R-square of 0.065. DQ ̂  is the daily price change on the RPI 
announcement date in month t. Dĵ  ^ is the daily price change k days before (-) or after (+) the 
announcement date in month t. U(RPIj) is the unexpected RPI for month t. Numbers in the 
parentheses are simple regression results. *** and ** represent significant at the 0.1 and 0.05 levels 
respectively. 
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observations on the announcement date (DQ^) and tiie next day foUowing tiie announcement 

date (Djj) are divided into two regimes, respectively. The S regune, denoting very short-

term, contams tiie observations of tiie last six montiis from all four mdex-Unked gUts. The 

L regime, denoting "long-term," includes those observations prior to the last six months.̂ O 

Thus, in the multiple regression equation (4.2), Do ^ wUl be replaced by DQ ^(L) and 

Do t(S), and Dj ^ will be replaced by Dj j(L) and Dj (̂S). The revised regression resuh is 

presented in Table 4.14. 

Table 4.14 indicates that the significant parameter estimates on the announcement 

date and the next day foUowing tiie announcement date found in Table 4.13 are driven by 

the L regime. As shown in the table. Do t(L) has a parameter estimate of 0.112754, which 

is significant at the 0.1 level; Dj flJ) has a parameter estimate of 0.149079, which is 

significant at the 0.05 level. All the other parameter estimates are not significant at the 0.1 

level. Both estimates for the L regime are higher than those of the full sample presented in 

Table 4.13. The estimates for the S regime, on the other hand, are lower than those of the 

fiiU sample, less than one half of the full sample estimate. The two S regime estimates have 

a relatively high standard error, which indicates poor fits of the regression Unes and results 

in high p-values. 

The empirical findings presented in Table 4.14 can be summarized as follows. In 

the last six months of the index-linked gilt's life, the security price is independent of 

unexpected RPI, as anticipated. The price of the index-linked gilt with anywhere between 

seven months to twenty-four months to maturity, on the other hand, significantiy responds 

to unexpected RPI. However, the response to unexpected RPI is not completed on the RPI 

announcement date; instead, the price adjustment continues in the following day. 

80 This characterization of "long-term" should not be confused with the previous 
section, as here "long-term" refers to securities with anywhere between seven months and 
twenty-four months to maturities. 
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Table 4.14 
Price Responses of tiie Short-Term Index-Linked Gilt to Unexpected RPI, 

Separated Sample for Do j and D ^ (March 1986 - AprU 1994) 

Multiple Regression: Dk,t= XdK«k+ I dkPkU(RPy-H e, 
k=-5 k=-5 

dĵ  = 1 on the kth date, otherwise dĵ  = 0 

Dates 

D-5,t 

D.4,t 

D-S,, 

D-Z,. 

D-1,, 

Do.,(L) 

Do,,(S) 

D,,,(L) 

Di,,(S) 

Dz, 

D3,, 

D4, 

D5,t 

P Parameter Estimate 

0.065579 

0.072464 

0.069530 

0.025887 

0.004802 

0.112754 

0.045154 

0.149079 

-0.036000 

0.068884 

-0.035880 

-0.008268 

-0.033746 

Standard Error 

0.056618 

0.056618 

0.056618 

0.056618 

0.056618 

0.063793 

0.123189 

0.063793 

0.123189 

0.056618 

0.056618 

0.056618 

0.056618 

t-Statistic 

1.158 

1.280 

1.228 

0.457 

0.085 

1.768 

0.367 

2.337 

-0.292 

1.217 

-0.634 

-0.146 

-0.596 

p-value 

0.2470 

0.2009 

0.2197 

0.6476 

0.9324 

0.0774*** 

0.7140 

0.0196** 

0.7702 

0.2240 

0.5264 

0.8839 

0.5513 

Note: The multiple regression has 1,078 observations, with a R-square of 0.068. DQ ̂  is the daily price 
change on the RPI announcement date in month t. D^^ is the daily price change k days before (-) or 
after (+) the announcement date in month t. Both DQ ̂  and Dj ^ are separated into an L regime and 
an S regime, as discussed in the text. U(RPIj) is the unexpected RPI for month t. *** and 
represent significant at the 0.1 and 0.05 levels, respectively. 
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The S regime only contains observations in the last six montiis, and hence satisfies 

tiie definition of very short-term for tiie informational efficiency test. In tiie last six montiis 

before mattirity, tiie index-linked gUt effectively becomes a nommal conti-acmal 

commitment, whose price behavior should be the same as otiier nommal debt securities. 

Smce inflation is not compensated m tiie last six months, the cash flows are constant for 

investors. Therefore, the index-Unked gilt price should be independent of unexpected RPI 

during the last six months.81 The empirical finding presented in Table 4.14 does not refute 

this theoretical argument. 

The L regime, on the other hand, includes those observations for security prices 

with more than six months to maturity. This regime can be regarded as the long-term 

index-linked gUt in terms of the anticipated price response to unexpected RPI, smce the 

inflation compensations work in the same way for both. The index-Unked gUt price, from 

issuance to six-months prior to maturity, should rise as an unexpected increase in RPI 

occurs. The significant parameter estimate for the L regime, on the announcement date, is 

consistent with the a priori expectation. However, the price adjustment to unexpected RPI 

is not completed on the announcement date. The significant parameter estimate of D j j(L) 

indicates that the adjustment usually takes two tiading days.82 Thus, the empuical 

81 The unexpected RPI may negatively affect the index-Unked gilt price if investors 
view a positive unexpected RPI as signifying a rise of fiiture inflation. 

82 Two additional regression tests have also been conducted on the short-term 
sample. When the expected RPI is included as an explanatory variable, the March 1986 
observation stiU has a very high DFBETAS value, 0.8451. Both the expected and 
unexpected RPI are not significant at the 0.1 level for the S regime, with or without the 
March 1986 observation. This result is consistent with the a priori expectation. For the L 
regime, the unexpected RPI is not significant at the 0.1 level in the full sample. However, 
it becomes significant with a parameter estimate of 0.102963, and a p-value of 0.0738, 
after the outUer is deleted. An unanticipated result is that the expected RPI is significant at 
the 0.1 level in the fiiU sample, at the 0.05 level after deleting the outiier. This 
unanticipated result also appears in the second test, where the explanatory variables are the 
expected and unexpected inflation. The March 1986 observation is stiU the influential 
outUer, with a DFBETAS value of 0.6592. Both the expected and unexpected inflation are 
not significant at the 0.1 level for the S regime, with or without the March 1986 
observation. For the L regime, the unexpected inflation is not significant at the 0.1 level in 
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evidence indicates tiiat tiie information contained in RPI is unportant to index-Unked gUt 

holders approxunately from twenty-four montiis to six montiis before mattirity because of 

tiie mflation compensations. During this eighteen-montii period of time, the short-term 

mdex-Unked gUt investors observe and respond to the unexpected information contained in 

the montiily RPI announcement. The parameter estimates for tiie L regune on the 

announcement date and the next day are 0.1128 and 0.1491. Thus, during the sampUng 

period, a one pomt unexpected mcrease m RPI would raise the index-linked gUt price by 

£0.1128 on the RPI announcement date, foUowed by a rise of £0.1491 on the next day. In 

the last six months before maturity, the price of such security does not appear to be affected 

by unexpected RPI, smce this information does not affect the futtire cash flows of index-

linked gUt during this period of time. Investors no longer adjust the index-Unked gUt price 

in accordance with unexpected RPI in tiie last six months period. 

4.2.2.4 Summary of the Informational Efficiency Test 

The purpose of the informational efficiency test is to examine the response of the 

index-linked gUt price to unexpected RPI announcement. This dissertation argues that the 

price of an index-Unked gUt, other than the very shortest to mature, should be a positive 

function of unexpected increases in the RPI. In the context of market efficiency 

hypothesis, investors are expected to have incorporated the expected portion of the RPI 

announcement into the security price prior to the monthly RPI announcement. The security 

price is expected to immediately adjust after the announcement in accordance with an 

unexpected RPI announcement. An unexpected increase in RPI should result in an increase 

in the price of the long-term index-linked gilt. In the last six months before maturity, 

however, the index-linked gUt effectively becomes a nominal contractual commitment, 

the full sample, but it becomes significant at the 0.1 level after deleting the outUer. A 
simUar unanticipated result is that the expected inflation is significant at the 0.05 level in the 
fiiU sample, at the 0.01 level after deleting the outUer. 
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whose price behavior should be tiie same as otiier nominal debt securities witii the same 

maturity; i.e., tiie price should be mdependent of, or negatively related to, unexpected RPI. 

For the long-term index-Unked gUt, the empirical result is inconsistent with the a 

priori expectation. The parameter estimate on the RPI announcement date is not statistically 

significant, which suggests that the long-term mdex-lmked gUt mvestors do not pay much 

attention to the RPI announcement. This fmding may be a result of the fact tiiat longer-term 

securities are affected by many factors over and above the RPI, on a given announcement 

day. AU the other parameter estunates, including five days before and after the 

announcement date, are also not significant, as expected. The nonsignificant parameter 

estimates four days and five days before the aimouncement date provide evidence for the 

argument that Pittman's unexpected RPI measure contains information about unexpected 

PPI. 

In order to increase the sample size, the short-term index-linked gUt sample 

originaUy includes observations of the last two years prior to mamrity from four matured 

index-linked gUts. Since the parameter estimates on the aimouncement date and the next 

day after the aimouncement date are both significant, the combined sample is divided into 

two regimes separating the last six-month observations from the rest of the sample. The 

empirical evidence shows that in the last six months, aU the parameter estimates are not 

significant at the 0.1 level. The security price is independent of unexpected RPI 

announcements. This is expected since this information does not affect the future cash 

flows of the index-linked gUt in the last six months. Furthermore, the empuical evidence 

indicates that the information contained in RPI is important to index-linked gUt holders 

approximately from twenty-four months to six months before maturity because of the 

mflation compensations. During this eighteen-month period of time, the short-term mdex-

Unked gUt investors observe and respond to the unexpected information contained in the 
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montiily RPI announcemem. This result is consistent witii tiie a priori expectation 

proposed in Chapter m. 

There is one contiadictory resuh found in the empuical test. The long-term mdex-

lmked gih price does not significantiy respond to unexpected RPI. However, during the 

period from the twenty-fourth month prior to mattirity to tiie seventii montii prior to 

mattirity, the mdex-Unked gUt price positively responds to unexpected RPI on the 

announcement date, as weU as the next day after the announcement date. Index-Unked gUt 

investors are compensated for the reaUzed infiation as long as tiiey hold the security, except 

in the last six months before maturity. Therefore, the price response to unexpected RPI 

should be consistent throughout the life of the index-Unked gUt except in the last six 

months. However, the empirical finding in this dissertation suggests that investors do not 

pay attention to unexpected RPI in the early years of the index-Unked gUt, but do observe 

and respond to the information contained in the RPI announcement in the last eighteen 

months of effective indexation. 

There is one possible explanation for this inconsistent result. In the informational 

efficiency test, the unexpected RPI is the only explanatory variable for the price change on 

the announcement date. However, it does not imply that unexpected RPI is the only factor 

that will affect the price of the index-linked gilt. As it is shown in equation (3.18), changes 

in the ex ante real rate and expected future infiation will also affect the index-linked gilt 

price. The duration of a long-term (say, 30 years to maturity) index-linked gilt is much 

longer than that of an index-linked gilt with no more than two years to maturity. Therefore, 

other factors than the unexpected RPI news may affect the price of the former security 

much more than the latter security. As a result, the index-linked gUt price response to 

unexpected RPI is not detected for the long-term security, but becomes significant as the 

years to maturity becomes as short as less than twenty-four months. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

The British index-linked gUt is a unique inflation-Unked security, fu-st issued in 

Great Britain in March 1981. Index-linked gilts are gUts whose principal and coupon 

payments are Unked to tiie Retail Prices Index (RPI), the British equivalent of U.S. 

Consumer Price Index, with an eight-month lag. The indexation is lagged for two reasons. 

Furst, in order for the tiaders to be able to calculate the accmed interest during the six-

month interval between the two coupon payment dates, the exact amount of the next 

coupon payment must be known. This requires that the coupon be indexed to the RPI six 

months before. Second, two additional months are required for the lag between 

measurement and announcement of the RPI. 

The index-linked gilt has attiacted some attention recentiy among fmancial 

economists. The theoretical interests in this financial instmment include, to name a few, 

the welfare effect of inflation hedging govemment bond, the effectiveness of monetary 

policy through its impact on real interest rate, and the impUcation for portfolio management. 

There have been only a few empirical smdies of this security, mainly because the 

time series data were not sufficient for valid statistical analyses until recent time. The 

empirical interests in this new security have been focused on three aspects. First, financial 

economists have sought to obtain a reliable estimate of the ex ante real interest rate from this 

security, since its cash flows adjust with inflation. Moreover, if the ex ante real interest 

rate can be better estimated, a more reUable measure of expected inflation may be attained 

based on the Fisher hypothesis of interest rate determination. The ex ante real rate and the 

expected inflation are among the major variables that interest the researchers in the areas of 

macroeconomics and finance. Unfortunately, since the two variables are not directiy 

observable from existing financial products, most empirical works have to use proxies, 
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e.g., tiie reaUzed real rate or inflation, rates derived from tiie time series technique, or 

measures based on survey data. If a good metiiodology can be developed to overcome tiie 

impact of tiie lagged mflation adjustinent effect, tiie index-Unked gilts can provide tiie 

researcher a better estimate of tiie ex ante real interest rate tiian tiiose proxies currentiy in tiie 

Uteratiire, because tiie holders of tiie index-Unked gilt will be compensated for most of 

future inflation. 

A second group of sttidies have been mterested m tiie existence of tiie Fisher 

hypothesis and, in particular, have considered tiie existence of an inflation risk premium in 

nominal interest rates. The inflation risk premium is defined as the risk premium charged 

for the uncertainty of future inflation, in contiast to tiie inflation premium charged for 

expected future inflation. In the Uterature, there have been many theoretical papers 

incorporating the future inflation uncertainty in the model. However, empirical tests on this 

topic are few, possibly because the inflation risk premium is hard to measure. The index-

linked gUt provides an opportunity to observe the inflation risk premium because this 

security is designed to hedge against the majority of the uncertainty of fumre inflation, as 

weU as the expected inflation. The inflation risk premium may be measured by comparing 

the index-linked gUt and another government issued debt security, provided the two 

securities have all the same risk characteristics except the inflation risk exposure. 

A third area of interest is the informational efficiency of the index-linked gUt 

market. The concept of market efficiency in finance is concemed with the speed at which 

relevant information can be disseminated, processed, and correctiy incorporated in the 

pricing of the fmancial securities. In the Uterature, market efficiency tests have been widely 

performed on most financial securities. In this context, Pittman (1991), employing an 

aimouncement effect study, examined the informational efficiency of the British index-

linked gilt market. 
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5.1 Summarv of Empirical Findings 

This dissertation adds knowledge about British mdex-Unked gUts to tiie Uteramre in 

tiie foUowmg aspects. Fkst, several different methodologies have been used in tiie 

Uterature, as weU as the marketplace, to extiact tiie ex ante real rate and expected inflation 

from tiie mdex-Unked gilt. This dissertation is tiie fu-st research to analyze the advantage 

and disadvantage of each methodology, and to point out the one methodology that wUl give 

the best reasonable real interest rate proxy. It also cautions against attempts to extiact 

expected inflation from tiie mdex-lmked gUt, as is frequentiy done in the Uteratiire. 

Second, the previous smdies have focused on long-term index-linked gUt, due to its better 

inflation protection feature. This dissertation points out that the long-term and short-term 

index-linked gUts have very different price behavior and retum behavior. Based on the 

different retum behavior between the two gilts, a better measure of the inflation risk 

premium than those in the Uteramre is derived, and estimates a 2.16% inflation risk 

premium per annum in the British index-linked gUt market. Based on the different price 

behavior between the two gUts, the informational efficiency tests are appUed to both long-

term and short-term index-linked gUts with different a priori expectations. Interestingly, 

the short-term index-Unked gUt market seems to be informationaUy efficient, but the long-

term index-linked gUt market appears unaffected by RPI announcements. The major 

findings on each topic will be briefiy summarized below. 

5.1.1 Extiaction of the Ex Ante Real Rate and Expected Inflation 

There are several different methodologies existing in the Uterature to extiact the ex 

ante real rate from the index-linked gilt. Most of these approaches, or tiieU derivations, are 

compUcated due to the eight-month lagged inflation adjustment. As a result, methodologies 

based on rather implausible implicit assumptions are still used in the Uterature. In this 

dissertation, a thorough analysis over each methodology has been done. The impUcit 
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assumptions of each metiiodology are explored and criticized. Sunulations have been 

performed to examme tiie adequacy of some of tiie assumptions. 

The metiiodologies m tiie Uteratiire can be best classified into two categories based 

on tiie assumptions about fiittire inflation. The fu-st category estimates tiie ex ante real rate 

from index-Unked gUts witii some assumed expected fumre inflation rate. Examples 

mclude tiie method adopted by tiie Financial Times, which plugs m 7% and 10% expected 

mflation mto the discounted cash flow model of mdex-Unked gUt, tiien solves for tiie ex 

ante real rate. Anotiier methodology suggested by Bootie (1985) assumes tiiat the long-

term future inflation rate is always equal to the reaUzed inflation rate in the recent six 

months. These methodologies are problematic because of the expected inflation 

assumption. It is highly unlikely that these estimates reflect market expectations 

consistentiy. The second category includes Arak and Kreicher (1985), Gaske (1989), 

Woodward (1990), and de Kock (1991). These papers have different appearances of the 

ex ante real rate estimation formulas. But in fact, they can be reduced to the same format. 

The simplest formula is Woodward's, which includes the yield to maturity of the 

conventional gUt in estimating the ex ante real rate from the index-linked gilt. As a result, 

the expected future inflation can be inferred from the yield to maturity of the conventional 

gilt. This methodology is the best among all, because it only assumes that the expected 

future inflation is incorporated in the expected retum of the conventional gUt. Simulations 

show that Woodward's methodology in estimating the ex ante real rate is not sensitive to 

the coupon rate of the conventional gUt. Unfortunately, the expected inflation measure 

based on Woodward's methodology is veiy sensitive to the coupon rate of the conventional 

gilt; i.e., using two conventional gUts with different coupon rates will generate two very 

different expected inflation series. 
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5.1.2 Inflation Risk Premium 

The inflation risk premium is defmed as tiie risk premium charged for tiie 

uncertainty of futtire inflation. In tiie Uteratiire, there are tiiree studies using tiie British 

index-Unked gUt to measure tiie inflation risk premium. Gaske (1989) measures tiie 

inflation risk premium as tiie difference between the montiily holding period retums of tiie 

British conventional gih and index-linked gilt, based on tiie argument tiiat tiiis difference 

should be mainly attiibuted to the inflation protection provided by tiie mdex-Unked gUt. 

Gaske finds a 3.21% inflation risk premium from March 1982 to Febmary 1988, which 

however is not statistically significant. Gaske's measurement of the inflation risk premium 

ignores two factors. First, the difference of the holding period retums between the two 

gUts results from change of expected future inflation, as well as inflation risk premium, 

since a drop of expected future inflation wiU raise the price of the conventional gUt much 

more than the price of index-linked gilt. According to Gaske, the relevant expected future 

mflation decUned from 10.88% m March 1982 to 5.98% in Febmary 1988, in this sample. 

Thus, the inflation risk premium measured by Gaske is overestimated, which includes the 

effect of declining expected fiiture inflation. Second, the two gilts bear different coupon 

rates, 14% versus 2%, and hence are subject to different tax rates. 

Pittman (1991) measures the inflation risk premium as the difference of the reaUzed 

real rate on a three-month T-bUl and the geometric average ex ante real rate on a long-term 

index-linked gilt, and finds a statistically significant 1.86% inflation risk premium per 

annum during 1982 II and 1989 EI. Following Fischer (1975), Pittman argues that future 

inflation uncertainty is the only factor that makes the ex ante real rate of nominal bond 

higher than tiiat of the indexed bond with the same maturity date. However, Pittman did 

not provide justification for replacing the long-term nominal bond by three-month T-biU. 

As a result, Pittman's measure includes at least two components. The first one is the real 

yield differential between long-term and short-term securities. The second is the inflation 
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risk premium differential between tiu^-montii T-bUl and long-term index-Unked gUt, 

which may not exist since neitiier security is exposed to much inflation risk. 

Chu, Lee, and Pittman (1994) also fmd a statistically significant 2.41% inflation 

risk premium per annum in tiie British gUt market during January 1985 and August 1991. 

Theu- methodology is tiie same as Pittman's (1991), except monthly data are used in place 

of quarterly data. 

An altemative way to measure tiie inflation risk premium is proposed in tiiis 

dissertation; i.e., the difference of the holding period retums between short-term and long-

term index-linked gUts, with sunUar coupon rates. The rationale is that tiie mam factor that 

causes the difference between holding period retums of the two securities is different 

mflation risk exposure. In Chapter n, it has been shown that the short-term index-linked 

gUt is exposed to much higher inflation uncertainty than the long-term index-linked gilt, due 

to the eight-montii lagged inflation adjustment. Thus, the short-term index-linked gUt 

investors should charge a higher risk premium than the long-term index-linked gih 

investors. 

Based on this definition, an average 2.16% annual inflation risk premium is found 

in British index-Unked gilt market during the sample period from Febmary 1983 to 

December 1994. The median of the 143 monthly inflation risk premiums is 0.45%, or 

5.44% on annual basis. The estimated inflation risk premium is approximately a quarter of 

the 8.62% average annual holding period retum, or 58% of the 3.73% real holding period 

retum, of short-term index-linked gilts. Its economic significance is not negligible. During 

the same period of time, the long-term conventional gih has an average annual holding 

period retum about 1.52% higher than the short-term conventional gUt. The evidence 

found in the conventional gUt market indicates that the infiation risk premium found in the 

index-linked gUt market is not a phenomenon common to all debt security markets as a 

result of some economy-wide events in the U.K.; instead, the inflation risk premium is a 
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specific premium related to futtu-e mflation risk. The significant Spearman correlation 

coefficient between the inflation risk premium and one inflation uncertamty proxy, U4, 

suggests tiiat tiie time variation of tiie inflation risk premium is associated witii tiie variation 

of future inflation uncertainty. 

5.1.3 Informational Efficiencv Tests 

In the Uterature, tiie only informational efficiency test on British mdex-Unked gUt 

market was conducted by Pittinan (1991). She regresses tiie daUy nominal rettim of ILG 

2.5% 2011 on both expected inflation and unexpected inflation for the period from August 

1982 to July 1990. Pittman expects to fmd that the retum on tiie RPI announcement date 

be positively related to unexpected inflation, and unrelated to expected mflation. Her 

empirical results show that the expected inflation does not affect the security retum, as 

anticipated, on the RPI aimouncement date. However, the retum is also unrelated to 

unexpected inflation on the RPI announcement date, but positively related to unexpected 

inflation four days and five days before the RPI announcement date. In Pittman's sampling 

period, the PPI (Producer Prices Index) was announced four days prior to the RPI 

announcement in most months, and the monthly change of PPI was highly correlated with 

the monthly change of RPI. Moreover, Pittman estimates unexpected RPI by employing a 

univariate ARIMA model based on the last sixty months of RPI announcements only. The 

information contained in the current PPI announced four days ago is not used to forecast 

the RPI of the same month. As a result, in her model the prediction error of PPI tends to 

appear in the prediction error of RPI of the same month, which however should not happen 

in an efficient market. 

In this dissertation, an mformational efficiency test is performed on the British 

index-linked gUt market, which improves Pittman's work in three aspects. First, both the 

PPI series and RPI series are used to forecast the RPI. The unexpected RPI measured in 
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tius dissertation is found to be a better proxy than Pittman's. Second, the mformational 

efficiency tests are performed on botii long-term and short-term mdex-lmked gilts based on 

different price behavior of tiie two gUts. Third, tiie dependent variable used in tiie 

announcement effect sttidy is tiie daUy change of price level, instead of tiie nominal rettim 

used in Pittman's work. In an inflationary envu-onment, the price of index-linked gUt 

continues rismg, given otiier things constant. As a result, the slope estunate tends to be 

downward biased when the nominal retum is used as the dependent variable. 

This dissertation argues that the price of an index-Unked gUt, with mattirity of six 

months or more, should be a positive function of unexpected increases in the RPL In the 

context of market efficiency hypothesis, mvestors are expected to have incorporated the 

expected portion of the RPI announcement into the security price prior to the monthly RPI 

aimoimcement. The security price is expected to immediately adjust after the announcement 

in accordance with unexpected RPI. An unexpected increase in RPI should result in an 

increase in the price of the index-Unked gUt. In the last six months before maturity, 

however, the index-linked gUt effectively becomes a nominal contiactual commitment, 

whose price behavior should be the same as other nominal debt securities with the same 

maturity; i.e., the price should be independent of, or negatively related to, unexpected RPI. 

For the long-term index-linked gilt, the empirical result is inconsistent with the a 

priori expectation. The parameter estimate on the RPI announcement date is not statisticaUy 

significant, which suggests that the long-term index-linked gUt investors do not pay much 

attention to the RPI aimouncement. All the other parameter estimates, including five days 

before and after the aimouncement date, are also not significant, as expected. The 

nonsignificant parameter estimates four days and five days before the announcement date 

provide evidence for the argument that Pittman's unexpected RPI measure contams 

information about unexpected PPI, and suggests that she has an inefficient estimate of the 

unexpected RPI. 

164 



However, the empirical evidence indicates that the information contained in RPI is 

important to index-Unked gUt holders approximately from twenty-four months to six 

months before maturity because of tiie inflation compensations. During this eighteen-

month period of time, the short-term index-linked gUt mvestors observe and respond to tiie 

unexpected information contamed in the monthly RPI announcement. This result is 

consistent with the a priori expectation proposed in Chapter IE. 

For the sample of the last six months, all the parameter estimates are not significant 

at the 0.1 level. The price becomes independent of unexpected RPI since this information 

does not affect the future cash flows of the index-linked gUt in the last six months. This 

result is consistent with the a priori expectation proposed in Chapter IQ. 

There is one contiadictory resuh found in the empirical test. The long-term index-

Unked gilt price does not respond significantly to unexpected RPI. However, during the 

period from the twenty-fourth month prior to maturity to the seventh month prior to 

maturity, the index-linked gilt price positively responds to unexpected RPI on the 

announcement date, as well as the next day after the announcement date. Index-linked gilt 

investors are compensated for the realized inflation as long as they hold the security, except 

in the last six months before maturity. Therefore, the price response to unexpected RPI 

should be consistent throughout the life of the index-linked gilt except in the last six 

months. However, the empirical finding in this dissertation suggests that investors do not 

pay attention to unexpected RPI in the early years of the index-Unked gilt, but do observe 

and respond to the information contained in the RPI announcement in the last eighteen 

months of effective indexation. 

There is one possible explanation for this inconsistent result. In the informational 

efficiency test, the unexpected RPI is the only explanatory variable for the price change on 

the announcement date. However, it does not imply that unexpected RPI is the only factor 

that will affect the price of the index-linked gilt. As it is shown in equation (3.18), changes 
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m the ex ante real rate and expected future inflation wUl also affect the index-linked gUt 

price. The duration of a long-term (say, 30 years to mattirity) index-linked gUt is much 

longer than that of an index-linked gUt with no more than two years to maturity. Therefore, 

other factors tiian the unexpected RPI news may affect the price of the former security 

much more tiian the latter security. As a result, the index-linked gUt price response to 

unexpected RPI is not detected for the long-term security, but becomes significant as the 

years to maturity becomes as short as less tiian twenty-four months. 

5.2 Limitations of This Dissertation 

There are three major Umitations in this dissertation tiiat should be mentioned. 

1. The inflation risk premium is measured as the difference of the holding period retums 

between short-term and long-term index-lmked gilts, with the expectation that the short-

term HPR will be higher than the long-term HPR. However, most empuical evidence 

supports the argument that investors charge a term premium for holding longer-term 

securities. In other words, for typical non-indexed bonds, the long-term security is 

expected to have a higher holding period retum than its short-term counterpart. Since 

the two premiums work in opposite directions, the measurement of the inflation risk 

premium would be mitigated by the existence of term premium. The inflation risk 

premium estimate in this dissertation may represent a lower bound. 

2. In the forecast of the expected RPI, due to the data avaUabUity problem, the estimation 

period coincides with the forecast period, which may result in an overfit of the forecast. 

3. In the informational efficiency test, the unexpected RPI is the only explanatory variable 

for the price change on the announcement date. However, it does not imply that 

unexpected RPI is the only factor that wUl affect the price of the index-linked gUt. As it 

is shown in equation (3.18), changes in the ex ante real rate and expected future 

inflation wiU also affect tiie mdex-Unked gUt price. A better model specification is to 
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mclude relevant explanatoiy variables to represent tiie impact of changes in tiie ex ante 

real rate and expected inflation on the index-linked gUt price around the RPI 

announcement date. Unfortunately, tiiose variables are not avaUable, which may affect 

the regression result. 

5.3 Suggestions for Future Research 

Since the British index-linked gUt is a relatively new area of research, there are 

many issues that are worth exploring. Two of them are suggested below. 

1. The impact of the inflation-mdexed govemment bond on future mflation has been one 

of the mam unsettled arguments. In one camp, people contend that the issuance of the 

inflation-indexed government bond demonstiates the confidence of the govemment in 

contiolUng future infiation, which will slow down the pace of inflation through the 

lowering of expected future inflation. Furthermore, the indexed govemment bond 

would encourage saving, reduce the excessive investments in real estate and other 

physical assets during the inflationary periods, and hence reduce the inflationary 

pressure. 

The opponents to this point of view argue that since the coupon payments and the 

redemption value of the indexed government bonds will be scaled up proportional to the 

inflation rate, the current rising inflation rate will increase the govemment's future 

financial burden, which will increase the future inflationary pressure. As a result, once 

inflation starts rising, it might become uncontioUable. The British index-Unked was 

first issued in March 1981. The average inflation rate in the U.K. from 1971 to 1980 

was 13.92%, and dropped to 5.44% from 1981 to 1994. On the surface, the evidence 

seems to support the argument of decreasing mflationary pressure. However, no 

empirical research has been done to explore whether the drop of inflation in the last 

fourteen years in the U.K. was a result of issuing index-linked gilts or other 

167 



govemment policies. Since tiie United Kingdom is not tiie only countiy that issued 

inflation-mdexed bonds, a research sampling across several countiies wiU achieve a 

more convincing result. 

2. One of the main purposes of issuing the index-linked gilt is to help investors hedge 

against inflation. However, due to tiie lagged inflation adjustment, the inflation 

protection is not perfect. In Chapter n, it is argued that the long-term index-Unked gUt 

provides a better protection against inflation than the short-term index-linked gUt, in the 

sense that investors of the long-term index-Unked gUt are more certain about the real 

retum from their investments. An empirical study to examine the inflation hedging 

capabiUties of the index-linked gUts with different remaining years to maturity is worth 

considering, especially for practical investment consulting purpose. 
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