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Abstract

This thesis focuses on inflation-linked bonds. Ehbends, although not as popular as other
types of bonds, are not a new instrument. The iffsation-linked bond issue took place in
the United States in the eighteenth century. Inogey it would be only in the end of the
twentieth century that inflation-linked bonds woldd issued in a regular basis by European
Monetary Union participant countries.

This thesis objective is twofold: to characterizesttype of bonds and evaluate their
immunization abilities. The first part of this studocuses in defining and describing
thoroughly these bonds: their issuers, securitigdegdexation choice and applications.

The second part is dedicated to investigating whpiatifolio strategies using inflation-linked
bonds achieve better immunization results for gingflation-growing liabilities. Simulations
were made for investment horizons between one igadyéars, with and without transaction
costs. The results presented point to the supsriofi bullet portfolios, over random and
barbell portfolios, in terms of liability coverag®&ullet portfolios also prove to be less
volatile. These aforementioned results hold in pihesence of transaction costs. It is also
visible that the portfolios’ return is very sengito the evolution of the real term structure of
interest rates. As for the comparison between fraeel bonds and inflation-linked bonds, the

latter prove to be better suited to immunize thbilities under analysis.

Keywords: Inflation-linked Bonds, Immunization, Duration, &énterest Rates.

JEL Classification: E31, G11, G12, G23
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Resumo

A presente tese incide sobre obrigacdes indexadaflagdo. Apesar de ndo serem tao
populares como outras obrigagdes, ndo sdo um roivoe.8A primeira emissao de obrigacdes
indexadas a inflagdo ocorreu no século XVIII nos#ss Unidos. Na Europa, apenas no final
do século vinte estas obrigacbes passariam a siidasncom regularidade por paises
inseridos na Unido Economica e Monetaria.

Este estudo tem dois objectivos: caracterizar agagbes indexadas a inflacdo e avaliar a
sua capacidade de imunizacéo. A primeira partestiale consiste em definir e caracterizar
exaustivamente estas obrigacdes: emitentes, astrutdexacao e aplicacoes.

A segunda parte consiste em aferir que estrat@gias carteiras de obrigacfes indexadas a
inflacdo imunizam melhor responsabilidades Unicas grescem com a inflacdo. Foram
efectuadas simulagGes para horizontes temporars @mt e cinco anos, com e sem custos de
transacgdo. Quanto ao grau de cobertura de redplses@es, os resultados alcancados
mostram que as carteirésillet obtém uma performance superior as carteiras aiasité
barbell. As carteiradullet sdo também menos volateis. Estes resultados maet@mando se
consideram custos de transaccdo. E também obskdeen rentabilidade das carteiras é
bastante sensivel a variacfes na estrutura temgertdxas de juro reais. Relativamente a
comparacao entre obrigagcdes nominais de taxa fodarigacdes indexadas a inflacdo, estas

tltimas sdo mais indicadas para imunizar estedgiesponsabilidade.

Palavras-chave:Obrigacdes indexadas a inflagcdo, Imunizacdo, Baataxas de juro reais.

JEL Classification: E31, G11, G12, G23
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Sumario Executivo

A presente tese incide sobre obrigacfes indexadd®agdo. Este tipo de obrigacbes permite
ao investidor proteger-se contra flutuacées nolrdeeprecos, garantindo assim o poder de
compra dos seusash flowsfuturos. Oscash flowsdeste tipo de obrigacdo tém duas
componentes: uma componente fixa, associada amoeteal, e uma componente variavel,
que varia com a taxa de inflacdo associada ao amdexescolhido. O investidor natural deste
tipo de instrumentos é um investidor de longo prgoe pretenda anular o risco associado ao
nivel de precos na sua carteira de activos ou qetermla imunizar o seu balanco. Alguns
exemplos de entidades tipicamente investidoras kerigagdes indexadas a inflacdo séao:
fundos de pensdes, seguradoras (que emitem Plaxd2odpanca Reforma) ou mesmo
empresas cujas receitas (e custos) estejam forterassociadas a evolucao da inflacéo.

As obrigacdes indexadas a inflacdo ndo sdo taolgesuentre os investidores como as
obrigacdes de taxa fixa ou as obrigacdes hipotesdforém, ndo se trata de um novo tipo de
activo. As primeiras emissdes de obrigacbes indexat inflacdo remontam ao seéculo
dezoito, nos Estados Unidos. Este tipo de obrigagd#aria a ser emitido em alguns paises
apos a Segunda Guerra Mundial, dado que estalmiaaaforma de os governos conseguirem
emitir e colocar divida junto dos investidores, ideva conjuntura macroecondémica débil do
pos-guerra e ao elevado nivel de inflacdo (queriboid para tornar este tipo de activo
interessante face as alternativas). Na Europa,agpea final do século vinte se viria a
verificar a emisséo sistematica de obrigacfes sudiex a inflacdo. A primeira obrigacao foi
emitida pela Franca em 1998 e, até a data, aperd @aises da Zona Euro emitiram este
tipo de activos. Séo eles a Alemanha, Franca, &eéttalia. Existem também diferentes tipos
de indexantes para estas obrigacOes. Apesar daiandias obrigacdes emitidas serem
indexadas ao indice Harmonizado de Precos no Cadsumia Zona Euro (excluido tabaco),
a Franca também emitiu obrigacdes indexadas acendé Precos no Consumidor local
(excluindo tabaco).

Tendo em conta o caracter de investimento das agiies indexadas a inflagcdo, seria
interessante explorar se (e como) € possivel apéiste instrumento na imunizacdo de
responsabilidades futuras que cresgcam com a iofl#gsim, foram efectuadas simulagdes de
imunizacdo de responsabilidades Unicas futuras taja de crescimento se encontra

associada a variacdo do nivel de precos, utilizanda estratégia de imunizacdo passiva,
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através de igualdade das duracdes da responsdbililada carteira de activos. Foram
considerados horizontes temporais de investimentiee &m e cinco anos e estratégias de
construcdo de carteiras de activos aleatdbialtet e barbell. As simulacdes foram efectuadas
com e sem custos de transaccao e a valores remaicarfeiras consideradas seriam sempre
auto-financiadas, ou seja, ndo existe nenhum tgonpgeccdo de capital nas carteiras de
activos; os unicosash flowsinvestidos na carteira sdo provenientes de cupEdebidos ou
capital associado a titulos que se venceram duraiiterizonte temporal de investimento
considerado.

Na auséncia de custos de transaccao, as cattaitesdemonstram uma maior capacidade de
cobertura de responsabilidades futuras face asireartaleatérias barbell para todos os
horizontes temporais considerados. Alem disso, tatbém as carteiras de activos que
apresentam uma menor volatilidade e uma estrutara proxima a da responsabilidade que
se pretende imunizar. Estes resultados continuaenifecar-se apés a introducdo de custos de
transaccao.

Relativamente a rentabilidade das carteiras simaslacds carteirabarbell apresentam
rentabilidades bastante atractivas para os hoggotgmporais de um e cinco anos. Mas,
quando se pretende montar uma estratégia de ingdiiz@ mais importante é o grau de
cobertura de responsabilidades que a carteiratd®s@tinge durante o horizonte temporal
analisado, e ndo a rentabilidade absoluta destaraaAssim, as carteirdmrbell, tendo uma
rentabilidade absoluta superior, sdo também maiscadas e, por isso, ndo garantem um
grau de cobertura de responsabilidades tdo elex@uio as carteiralsullet Sdo também as
carteiras cuja rentabilidade se encontra mais alee@ da evolugcao da estrutura temporal de
taxas de juro reais. No que concerne as carteieasodas, a sua estrutura evolui para uma
estratégiabullet ao longo dos horizontes temporais consideradogu® atesta bem a
superioridade das carteiriasllet

Foi também efectuada uma comparacado entre estddipbrigacdes e as obrigacdes de taxa
fixa, que sdo cotadas e avaliadas em termos naniAasim, através da evolugcdo das taxas
de juro nominais, e tendo presente a Equacdeader, também a rentabilidadecash flows
destas obrigacdes tém embutida uma expectativaaiecéo da inflacdo futura. Deste modo,
foi simulado se estas obrigacbes também seriam wm [activo para imunizar
responsabilidades expressas em termos reais. Aaragdp foi efectuada somente para
carteirasbullet, visto que esta é a melhor estratégia de imunizdedi também expurgada a
componente associada a inflacdo dash flowsdas obrigacfes de taxa fixa a fim de se tornar

compardaveis as carteiras de activos de ambosassdgobrigacdes.
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Apos as simulagdes verificou-se que as carteirabdgacdes de taxa fixa sdo mais volateis e
nao apresentam um grau de cobertura de respodsaled futuras tdo elevado como as
carteiras de obrigacfes indexadas a inflagdo. Asgara imunizar uma responsabilidade
futura cuja taxa de crescimento se encontra relad@ com a inflacdo a melhor abordagem
sera constituir carteiras de activos com estrubuiéet, recorrendo somente a obrigacdes
indexadas a inflagé&o.

Vi
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Chapter 1 — Introduction

Although inflation-linked bonds are not a new ingtent, its issuance in the Euro Area is
fairly new. The first government issue took placd. 998, and, until now, only four Euro Area
countries decided to issue these bonds. They arec&r Germany, Greece and Italy. With so
few issuers, the number of bonds issued is alsibelinCurrently only twenty four bonds are
alive, five of which are linked to the French Com&u Price Index ex-tobacco. The remaining
nineteen are linked to the European Harmonized @uas Price Index ex-tobacco.
Inflation-linked bonds are not as known and as fapbetween investors as fixed rate
nominal bonds because they are not seen as atstrarspeculative investment. Usually these
bonds’ natural investors are long term investoet thish to protect their future purchasing
power, like pension funds, insurance companiesamipanies whose revenues grow with
inflation.

This way, it would be interesting to access if (dra) they could be used to immunize
future liabilities and if the results that would aehieved prove that, for liabilities that grow
with inflation, these instruments are a better gtreent than fixed rate nominal bonds. That is

the main driver for this study.
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Chapter 2 — Literature Review

The literature available for European inflationkied bonds and immunization is scarce.
Hence, this section main focus will be to review titerature deemed relevant by dividing it
in two main subjects: the inflation-linked bond ketritself and the findings in immunization
techniques.

As for the first theme, the available literaturanfiation-linked bonds comprises not only the
Euro Area market but also the British and Americaarkets. Notwithstanding, many of the
findings in these two markets can be transposdtiddEuropean market, since many of the
features of this type of instrument are similareifimain focus lies in pricing structures,
trading strategies, inflation forecasting and macomomic agents’ considerations.

Bardong and Lehnert (2004) focus is driven to theepprocess of inflation-linked bonds,
both in the United States and in Europe. To do, tihisy focus in two main subjects: the
extent to which inflation information revealed tgda reflected in the securities pricing (as a
measure of efficiency) and how this information Idoloe used to generate trading signals for
investors. In order to investigate how the indexatag can affect the securities pricing, they
develop an econometric framework to estimate thealbeven inflatioh inherent to the
market prices and to derive inflation forecasts dasalternative to break-even inflation),
either for the short term and medium term, in otddnave different inflation forecasts for the
remaining maturity of the inflation-linked bondshdse estimates are then used to construct a
model which aims to provide signals for tradingatdgies, based in the differential between
break-even inflation and the inflation forecastasndicator of the expected future change in
the bond’s observed yield. The information valdeled would then be tested by using long-
short strategies to trade; this way, by evaluating results from the trading strategies
implemented by using these signals, the authorklamsess the degree of efficiency in this
market. They did this assessment for markets withestrictions and with restrictions (some
of which were short-selling restrictions and trapaosts). They found that investors that used
a combination of trading strategies with inflatidarecasting had better results than
uninformed investors; although these results wesey pronounced in markets without
restrictions, they also hold in markets with retions. This way, the inefficiencies existent
in the inflation-linked market are not related e tmispricing of the inflation term itself but

! Break-even inflation is defined as a time-averagesensus estimate of market participants as tdutoee
inflation rate and is derived from the market psia# inflation-linked bonds and nominal bonds wsimilar
maturities.
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to the time lag that exists between the reportmdjiacorporation of the inflation expectations
in the securities price. This can happen due toketaliquidity problems and not due to
information incorporation problems; if this wereetbase, the trading model should not work,
since the inflation differential would provide emepus trading signals. However, it seems
break-even inflation can be estimated through thigation forecasts derived from the
econometric models; hence, this supports the gualitthe trading signals derived and
explains the strategies success. This illiquiditybtem seems to be also the main driver to
explain the reason why long-term strategies produoee favourable results than short-term
strategies: these seem to be penalized by highacéon costs. Bardong and Lehnert (2004)
used this framework to assess efficiency in the.,UJX. and French inflation-linked bond
markets, and achieved similar results for the tmeggons. As for the forecasts’ horizon, the
most useful horizon is between one and two yeahiclwleads the authors to assume that
break-even inflation seems to be a consensus dstiofathe average inflation over this
period. Nonetheless, they recognize that, to fatea#lation, seasonality patterns are an
issue; when not accounted for, they could produesed estimations and, consequently,
make the models and findings invalid.

Ejsing, Garcia and Werner (2007) focus this issyelibcussing the impact of seasonality in
the term structure of Euro Area break-even inflatrates. They begin their analysis by
estimating the term structure of real interestgadad break-even inflation rates, without
taking into account the inflation seasonality am tindexation lag. The conventional
estimation process for real interest rate termctire is straightforward; it can be derived
from the double clednmarket quotes for the inflation-linked bonds; as fhe nominal
interest rate structure, it is derived from thensi@ction (or dirty) price of the inflation-linked
bonds, i.e. the double clean price plus the intexesrual and the inflation accrual. However,
the authors propose a term structure derived fronstant maturity zero-coupon nominal and
real interest rates as the proper way to estimagakbeven inflation rates. The problem with
this framework is how to estimate comparable real aominal zero-coupon yield curves,
namely for longer maturities. This was achieved dsfimating real and nominal term
structures using the parametrical yield curve apgidy Nelson and Siedehstead of using
the real and nominal yield to maturity of each s#guThe benefit of this framework is that it
allows for the correction of the seasonality faagtdgrerent to inflation-linked bonds. This is

2 Inflation-linked bond prices are referred to asille clean because they do not include the inta@sual nor
the inflation accrual, that is calculated for bptincipal and coupon payments.
$ECB Working Paper Series No 830, page 17
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done by adjusting the dirty prices of inflationked bonds for the seasonal factor and the
indexation lag, and then used the adjusted prioeelstimate the nominal term structure of
interest rates. Hence, the break-even inflatiomtetructure computed using these two
interest rate structures is unbiased and providese maccurate information that the term
structure estimated without taking into account feasonal bias. This finding is cross-
checked with the break-even inflation term struetdierived from zero-coupon inflation
swaps; by comparing these two term structures titleoes conclude that their correlation is
very strong when the break-even inflation termdtrte estimated with the Nelson and Siegel
framework is adjusted for seasonality. Since irdlatswap rates are annual and, therefore,
unaffected by the intra-year seasonality effedtg, $trong correlation between both term
structures allows for the use of the proposed frvaonke to derive intra-year break-even
inflation rates, that could be useful not only forarket participants but also for other
economic agents.

For central banks, inflation-linked bonds could calbe useful as a monetary policy
instrument. Garcia and Rixtel (2007) discuss hogs¢hsecurities could prove useful for the
European Central Bank, as an aid to adequate nrgnatdicy to the (then) 12 Euro Area
country participants. Their aim is twofold: theygle discussing the pros and cons of
inflation-linked bonds and then move onwards tacualss how these securities’ embedded
inflation expectations can be used in the implemgim of monetary policy. As for the
issuance of inflation-linked bonds, some conceptiaisiderations are presented. On the
issuers’ side, the argument is that the issuandeflation-linked bonds allows a government
to reduce its cost of financing, by paying a loweal interest rate along with the inflation
compensation embodied in these instruments.ratienale is that if the total cost associated
with these bonds is less than the cost associaittdtiae nominal debt, there is a positive
indirect effect on the cost of financing throughremluction of the inflation risk premium
embodied on the nominal debt. For investors, thétyutof inflation-linked bonds is
straightforward: these instruments represent a defdy inflation risk and allow for
investment while preserving their purchasing povimn. a social welfare perspective, these
instruments can prove useful since they allow tgleefuture liabilities whose rate of growth
is closely correlated with inflation, like pensitumds liabilities. These bonds can also prove
useful for balance sheet immunization for companiksse revenues grow with inflation. As
for the use of inflation-linked bonds as an instemtfor monetary policy, Garcia and Rixtel’s
(2007) findings state that by deriving break-ewveftation rates from these instruments it is

possible for central banks to gauge any changé&enntarket participants expectations for

4
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inflation and economic growth, aiding the implenagimn of monetary policy. The existence
of these instruments is also beneficial for monegenicy credibility, since it is perceived that
if countries are willing to issue inflation-linkdabnds this reflects a strong commitment by
their governments to keep inflation rates low. his tcase, the fact that Euro Area countries
are issuing inflation-linked bonds accounts for ¢hedibility of the European Central Bank’s
monetary policy.

For governments, the important issue is if inflatlmked bonds are a true alternative for their
budget and if there is room for its issuance. Thiech Working Group on the Budget in Real
Terms (2005) discusses these aspects thoroughiginreports. They summarize the reasons
why a government should issue inflation-linked bomdthe following way: (1) credibility (as
stated before, the issuance of inflation-linked d®is seen as a reinforcement of an anti-
inflation policy); (2) asset-liability managemenbnsiderations (debt issuance as a way to
stabilize the economy as a whole or to hedge tlvergment’'s balance sheet or budget); (3)
expectations to achieve cost-effective debt finagic{4) market demand for these instruments
and (5) the possibility to measure the inflationarpectations in these markets by analysing
the break-even inflation rates of these securifibgy also evaluate if the expected (ex-ante)
benefit of inflation-linked bonds is consistent lwihe realised savings with the issuance of
these instruments, using as a benchmark bonddissuthe U.K., Sweden and France. They
arrive to a result stated as the ‘valuation puzzlet states that, from a government budget
point of view, these securities are cheaper inrghbat not in practice.

Siegel and Waring (2004) discuss the importancéhefdual duration problem associated
with the U.S. Treasury Inflation Protection Secast Either inflation-linked bonds or
nominal bonds have two durations, the inflationation and the real-interest rate duration,
and these two can be seen as the decompositiomafdis nominal duration. In the case of
nominal bonds, the difference is not relevant bseéwth durations are similar to each other
and to the nominal duration. This way, by invesimgominal bonds, an investor is unable to
bet separately on changes in real interest ragsnainflation. For inflation-linked bonds, the
inflation duration is zero, so the nominal duratisronly explained by the real-interest rate
duration. Therefore, if the liabilities one wishés hedge are affected by inflation,
immunization through real-interest rate durationthis best way to achieve this. The authors
suggest this type of immunization to pension fuadg individual tax-deferred use. However,
one must account for the indexation lag that existall inflation-linked bonds in order to
make theformulae consistent with reality. Notwithstanding, thesedings will hold since

considering the indexation lag will make the inflat duration different from zero but very

5
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close to zero. The major contribution of this warkipaper lies in addressing something that
Is quite important for the aim of this thesis: theation measures of these two types of bonds
are not directly comparable. This is an importasgue when trying to compare the
immunization results between nominal bonds andatiifh-linked bonds. Although these
findings are for the U.S. market, they can be pased to the European market, because the
inflation-linked bonds’ framework is similar in ot

Regarding immunization and duration, Bierwag (19@poses investment strategies based
on the concept of duration to immunize a portfopootecting it from future unpredictable
shifts in interest rates. The author shows thabittenal selection of an immunized portfolio
depends on the term structure of interest rategreéd when the immunization process
begins. The immunization efficiency is also depenam the type of securities used to hedge
the portfolio. If one uses zero coupon bonds tiseltevill be different from the one derived
from nonzero coupon bonds due to uncertainty albetreinvestment yield for future
payments. However, using multiple nonzero coupaomdbaallows for a better fit to the term
structure of interest rates relevant for the immation period, allowing the investor to
construct a more flexible immunization portfolioieBvag (1977) discusses all of these
aspects applied to a set of different shifts of tdren structure of interest rates that include
additive and multiplicative shocks, either discreteinstantaneous. He concludes that the
immunization strategy has to be fit not only to #utual interest rate term structure of interest
rates but also to the investors’ expectations tireuevolution of the term structure for the
Immunization horizon considered.

Ingersoll, Skelton and Weil (1978) analyse the tloraconcept theoretically, by exposing its
uses and abilities. They refute the idea that Miagaduration measure is a risk proxy, since it
introduces bias regarding the impact of interest shifts on high and low coupon bonds.
Previous literature states the existence of agsttimrward positive relationship between
interest rate volatility and maturity i.e., othéings equal, the impact of a shift in interest
rates will be greater in bonds with higher timematurity. The authors prove that this does
not apply for all types of bonds; for instance,asipive parallel interest rate shift will make
the price of a low coupon bond vary more than theepof a high coupon bond. The opposite
applies for a negative parallel interest rate sHiftis way, duration will only be a good risk
proxy for uniform infinitesimal interest rate slsiftFor other interest rate shifts, duration will
only be an approximate measure of the change ibdhd’s value and this must be taken into
account when setting up an immunization strateggwétver this does not imply the

uselessness of duration, it only draws the attarttioa setback in this risk measure that can
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impact the immunization process and thus forceitkestor to screen the immunization’s
quality quite often. The authors present two wayaddress this issue: by computing duration
with a non-flat term structure of interest ratesl amth an autoregressive model that (1)
accounts for the bias introduced by the diversitybond coupons and (2) weighs the
importance of the yield curve’s convexity as a ctamgent measure of interest rate basis risk.
Nonetheless, duration measures, along with conyaxitl dispersion measures were still used
in empirical studies. Bierwag, Kaufman and Toe\88@) address immunization strategies for
multiple liabilities and multiple interest rate sks. The authors state that, for an
Immunization strategy to be effective the assetfplar and the liability portfolio must fulfil
three conditions: (1) the asset portfolio and thbility portfolio must have the same present
value; (2) both portfolio durations must be simigand (3) the difference between assets and
liabilities must be minimal in the stable intereate scenario. Under the multiple liability
funding hypothesis, the authors extend the redulther by proving that all the above
conditions will be met if the asset portfolio cam d¢hivided in two sub-portfolios such that (1)
the lowest duration portfolio has a duration loviean the first liability, (2) the highest
duration portfolio has a duration higher than thst lliability and (3) the duration of the
overall asset portfolio matches the durations ef dlerall liability portfolio. This way, by
applying these rules, one can use multiple bondk different maturities to immunize a
stream of predictable future liabilities.

Agca (2005) also addresses the immunization slaiegpe by comparing the traditional
duration and convexity measures and the singleorfa¢teath-Jarrow-Morton (HJM)
framework for multiple portfolio strategies and mmple immunization horizons. His findings
can be divided in several propositions. Regardirggrisk measures that serve as a base for
the immunization strategy, Agca (2005) found timet traditional measures, such as Fisher-
Weil duration and convexity, perform better thaa HJM framework because the parameters
of the latter have to be estimated. When considetie choice between a duration matching
immunization strategy and a duration and convexigtching strategy, the author considers
the second strategy superior when there are nadction costs, for both short term and
medium to long term immunization horizons. Yet, thme presence of this restriction, a
duration matching strategy tends to produce be#sults since it implies less rebalancing
than a duration and convexity strategy for medionhohg term immunization horizons; for
short term portfolios the duration and convexitytchang strategy still achieves better
immunization results. Concerning portfolio struesyr the findings point for better

immunization ability for bullet portfolios if themmunization period is short; however, for

7
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medium to long term immunization periods, barb@lttfwlios attain superior immunization
results. These results hold in the presence oka@ion costs and are consistent with the
immunization strategies chosen. Hence, an inveshmuld adjust its portfolio structure
accordingly to the results above while adjusting hinmunization strategies for either
immunization horizon or existence of transactiostsoThese are, in Agca’s (2005) point of
view, the most important aspects of an immunizafi@mework, since the author results
suggest that choosing the appropriate immunizatsrategy is more important for
immunization performance than risk measures orestaate term structure models.

Oliveira’s (2007) study addresses Agca’s (2005Jifigs within the HIM framework but with

a deeper analysis by testing the HIM framework withtiple factors and applying it not only
to the traditional duration measures but also bygustochastic duration. In this context,
Oliveira (2007) shows that for duration matchingatggies, and considering three-factor
stochastic HIM duration models, immunization resate superior than those achieved using
traditional risk measures such as Macaulay andeF#leil. The main reason for this to
happen lies in the fact that traditional risk measuare flawed as for their ability to capture
adequately interest rate volatility, which makeg three-factor stochastic HIJM duration
model superior. These findings hold for three amd-year immunization periods (for one-
year immunization period the stochastic duratiorasnees do not present themselves as
superior) and they remain consistent with and withtansaction costs. Oliveira (2007) also
concludes that not only the immunization strategy ask measures are important to achieve
a better immunization performance, but it shoulsbdbe considered and studied how the
evolution and shape of the term structure of irserates during the immunization period can

influence the immunization’s performance.
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Chapter 3 —The European inflation-linked bond marke

The aim of this section is to describe thoroughig tmarket, from its beginning until today.
Firstly it is presented a definition of inflatiomked bonds; then follows a description of the
market, the issuers and the calculus methodologythese instruments. This chapter

concludes with the formulas for duration and breakanflation.

3.1. — What are inflation-linked Bonds?

There are several ways to define an instrumengénemo definitions from the literature were
chosen in order to do so. Brynjolfsson (2002: 2@&fjnes inflation-linked bonds as “bonds
that are contractually guaranteed to protect armvgpourchasing power”. A more broad

definition to inflation-linked bonds is “securiti€s..) designed to help protect borrowers and
investors alike from changes in the general lefebraces in the real economy” (Deacon,
Derry and Mirfendereski, 2004: 1). Apart from ld&ure contributions, one can define
inflation-linked bonds as bonds which allow forlation risk protection, since they provide a
fixed real interest rate return plus a floatinguratindexed to a broad inflation measure, in
both coupon and principal payments. This way amstw that buys inflation-linked bonds
will earn a return that is not only interest ratévein but also protects him from inflation

fluctuations, thus not eroding his purchasing potteough his investment horizon. For an
issuer, inflation-linked bonds allow for bond issoa with a cost structure indexed to
inflation, which can be useful since most issueits vary with inflation. This way both

profit and cost structures are indexed and accfaminflation variations and protect the

issuer from inflation risk while ensuring more déaslebt repayments over time, since both

cost and revenue structures grow at the sameionfledte.

3.2. — The inflation-linked bond Market: descriptioand issuer countries

Although not so popular as other types of finaniciatruments, inflation-linked bonds are not
a new instrument. The first bond whose principal anupon payments were linked to the
price of a basked of goods was issued by the $faMassachusetts in 1780. However, it
would pass about 200 years before these secuntes issued again. In the post World War
Il inflation-linked bonds became popular again $averal reasons. In some countries, this
was the only affordable way to issue long term ddbe to the high and volatile inflation
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environment these economies experienced. Some éasmrape Chile (1956), Brazil (1964)
and Argentina (1973). In the period of 1980-199fins industrialised countries also started
to issue indexed-debt, not because they had tddxduse the chose to do so. By then, the
issuance of inflation-linked bonds was seen as w Wwareduce borrowing costs by taking
advantage of the high inflation expectations, whicade these instruments very attractive
when compared to other debt, while also accourftinghe issuers’ government credibility to
commit to control inflation in the future. Someusss that belong to this group are United
Kingdom (1981), Sweden (1994) and New Zealand (L98%ore recently, the issue of
inflation-linked bonds is associated not with itifla control policies but with social
concerns; these securities were presented as atavgyovide long-term hedge against
inflation, useful namely for pension managementn8&of the countries that shared this
commitment were Canada (1991), the United Stat@87)1 France (1998), Greece and lItaly
(2003) and Germany (2006)

However, the issuance of inflation-linked bondstlie Euro Area is fairly new. The first
European government to issue bonds linked to a Brega consumer price index was France,
in October 2001. At this moment, there are fourdpean countries that issue these bonds; a
brief description of the issuers is given belowo3é descriptions are supported by Deacon,
Derry and Mirfendereski, (2004), Bettiss, James &ubben (2008) and also some

information taken from the issuers websites.

3.2.1 —France

The use of indexed bonds in France is not recemteS925 that these instruments have been
issued, with several types of linkage; in the peeehd World War the issues were linked to
the exchange rate. However, after the war, norrelt tssuance was very difficult due to the
lack of confidence in the franc, associated wite ffoor condition of the French public
finances. In the 1950s, government indexationaisse became more frequent, with quite a
lot of different linkages, such as the Paris patéhe 20-franc Napoleon gold coin (known as
the Rentes Pinayond), the main equity index or even the issuaice state bond that paid
interest of 5% plus 0,05% for each point by whictiustrial production were above the 1955
level. Along with the state issuance, other pulslicporations and nationalized industries
issued indexed bonds whose indexes were mainlyciassd with the goods they sold. Some

examples are in the table below.

* Garcia and Rixtel (2007: 7).
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Table 1: Some examples of French indexed bond issues

Issue date Issuer Indexation

Interest and redemption value linked to the avenarige

1952 Electricite de France to the consumer of 100 kilowatt hours of electyicit

Société Nationale de Chemins dénterest and redemption value linked to the costemfond

1953 Class rail travel (“free” tickets could be taken liau of

Fer )
interest)
1953 Gaz de France Interest a_nd redemption value linked to the avenariee
of 25 cubic metres of gas
1955 Regié Renault Interest and redemption value linked to the inaens
company sales
1957 Electricité de France Redemption value included a premium related to the

growth in electricity production

1958 Charbonnages de France Interest and redenvatiioa linked to the price of coal

Data source: Bank of England, (Taken from Deacarryand Mirfendereski (2004: 107).

In 1958, due to the strong devaluation of the framdexed issuance was banned because the
government feared that the proliferation of thesads, associated with rising import prices
resulting from devaluation, would lead to spirajlimflation. The general ban on indexation
was lifted ten years later. Yet, issuance of pulsitiexed debt would only resume in 1973
with a new issuance of thRentes Pinaypond and an issue of a bond whose capital and
interest were guaranteed to maintain a fixed k@latietween the gold content of the franc at
the time of issue and that of the EEC Unit of Aatoused for the Common Agricultural
Policy. However, the demise of the EEC Unit of Aaabin 1979 triggered a clause in the
bond’s prospectus that stipulated that the bond&hdlows would be linked to the price of
gold henceforth; as a result the price of gold nagedly, making this bond trade at seven
times its face value in 1980 (Deacon, Derry andéidereski, 2004).

There would be no further public issuances of irdiexonds until 1997, whekgence France
Trésor(Trésorhenceforth) announced that it was consideringngsimdex-linked debt, in the
form of OAT® or BTAN®, to reduce borrowing costs. Inflation was choseive the linkage
due to the perceived interest for both issuer andstors in this type of product: the issuer
would achieve a more cost efficient debt framewarld the investor would be able to
purchase a bond that protected its’ investmenthasiog power throughout the investment’'s
time horizon. The main problem with the setup foflation-linked bonds was to choose

which inflation index to use. There were two poksiklternatives: the INSEE'sFrench

> OAT stands forObligations assimilables du Trésothat are defined as fungible securities issueth wi
maturities of seven to 50 years and a coupon paidaly (www.aft.gouv.fr).

6 BTAN stands foBons a Taux Annuel Normalisdbat are fungible Treasury notes with maturibéswo and
five years and a coupon paid annually (www.aft.gfsuv

" INSEE is the French National Institute of Statistand Economic Studies.
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Consumer Price Index (CPI) and the Eurostat's EemopHarmonized Index of Consumer
Prices (HICP). The inflation index to use had toabeidely known measure and investors
had to be aware of its purpose and how it was dsselmand calculated. Although it was
feared at the time that the French CPI would notséen as a good proxy for European
inflation and, consequently, limit the bond’s attreeness to investors outside France, the
European HICP was very recent, had no track re@ord,it was still to be determined how it
would be calculated, namely regarding each cousantribution to the index and the fear of
revision risk. Hence, th&résors choice was the French CPI because it was, attithea, a
broader and better understood inflation measune tiv@ European HICP; but, because under
the French law all government contractual arrangegsnevith a link to inflation must not
include the price of tobacco, the French CPI exatab index was used in the end.

This way theTrésor issued its first inflation indexed bond (OATi henforth) on the 18
September 1998, a 10-year bond maturing in 200@ugh a syndication process. As
mentioned above, the bond was linked to the Fr&Rhex-tobacco and was designed as a
capital indexed bofdwith a three month indexation lag and paid anintatest. It also had a
guarantee that, at redemption, the principal payme&uld not be less than the original par
value, thus protecting the nominal value of thag@pal should deflation occur during the life
of the bond (this guarantee applies only for ppatiit does not apply for coupon payments).
On the 21 September 1999, thErésorissued the second OATI, a 30-year bond maturing in
2029, also through a syndication process and waiimdar design.

On 2001, theTrésorreassessed the structure for the new inflatidketinbonds. By then, the
main problems for the usage of the European HIGPdeased to exist: the coverage of the
index was far more complete than previously expeeted the measure itself became very
well known to investors since the European CemBeaik used it as the basis for its inflation
target since the European currency was created989.1Notwithstanding, one problem
remained with this measure: the revision risk. Tgnsblem was also an issue in the United
States system: the inflation measure used in tle Was also subject to revisions; however,
the U.S. Treasury decided during the course of 200@anage this issue by using the first
value published for the index in each month andaooisidering possible future revisions in
the Treasury Inflation-Protection Securities’ vdloa. TheTrésoralso decided to do this and,
in the 2% October 2001, issued its first inflation-linkedrigbindexed to the European HICP
ex-tobacco (OATE€i henceforth). The structure of @#sTis equal to the former OATiIs; the

® The definition and technicalities of this securdgsign will be addressed in the next section.
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only difference lies in the inflation index. Thises caused some substitution effect, since
when the first two OATE€is were issued, in 2001 (EAR012) and 2002 (OATEi 2032),
many of the purchases in the primary market was dbnmough the exchange from OATI
2009 and OATi 2029 to the newly issued bonds. Ftieem on, thelrésorhas been issuing

bonds with both linkages, in an attempt to constaubenchmark real and inflation yield

curves with both French and European inflation xa&de All inflation-linked bonds issued by

the Frenchrésoruntil now can be found in the table below.

Table 2 : French Inflation-linked bonds (OATis and OATEis)
. Nominal Amount
Bond Issue date Maturity date Outstanding (€ million)
3,00% OATI 2009 15-Sep-1998 25-Jul-2009 13.761
1,25% BTANEi 2010 04-Oct-2006 25-Jul-2010 9.325
1,60% OATi 2011 06-Jul-2004 25-Jul-2011 15.313
3,00% OATEi 2012 23-Oct-2001 25-Jul-2012 14.494
2,50% OATI 2013 24-Jan-2003 25-Jul-2013 15.718
1,60% OATEi 2015 29-Oct-2004 25-Jul-2015 13.417
1,00% OATI 2017 02-Sep-2005 25-Jul-2017 18.485
2,25% OATEi 2020 15-Jan-2004 25-Jul-2020 17.551
2,10% OATI 2023 13-Fev-2008 25-Jul-2023 6.077
3,40% OATI 2029 21-Sep-1999 25-Jul-2029 7.451
3,15% OATEi 2032 23-Oct-2002 25-Jul-2032 9.369
1,80% OATEi 2040 01-Mar-2007 25-Jul-2040 6.096

Data taken from Bloomberg addjence France Trés@24-Oct-2009).

For the purpose of this thesis only inflation-lidkeonds indexed to the European HICP ex-

tobacco (HICPx hereafténill be used in the analysis, in order to avoisctépancies arising

from differences in the inflation index.

3.2.3 — Germany

Since the hyperinflation crisis experienced in 1920s, Germany has been very averse to all

types of debt indexation. The Federal Republic’sngitution of 1949 enforced this

prohibition on indexation, which was in force ur@ermany entered the European Monetary

Union (EMU) in 1999. The first issues of inflatidinked bonds in Germany were done by

regional banks. In 2002 the Landesbank Baden-Wiibéeg issued a 6-year euro

denominated bond indexed to the European HICP hed-éderal State of Saxony-Anhalt

issued a 7-year euro denominated bond linked tcEtivepean HICPX; this state would, in

2003 issue another bond with the same design, lilt eonly 5 years to maturity. The

° A brief description of the HICPx can be found inmkex 1.
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intention of issuing euro HICP ex-tobacco linkechéd® was announced to the market in 2004
by the German Finance Agendyundesrepublik Deutschland — Finanzagentur GinHhe
structure of these securities was equal to theadopted by the Frenchrésor, with the same
cash flow structure and inflation index linkage.eTihaugural issue took place only in 2006,
with the syndication of a 10-year bond maturin@@16. The second issue was a 5-year bond
maturing in 2013 and took place in October 200%, thcough an auction process. In June
2009 took place another 10-year issue of these dadwdtwithstanding, it is not clear yet if
the German Finance Agency had any intention of tcocsng an inflation-linked bond
benchmark curve with further issues of differenttumifies. Similarly to the French
government, these bonds were named accordingligeio taturity and with similar names
given to regular fixed rate bonds, but with the”“€uffix in order to account for the
indexation. Hence the 10-year bonds are knows dsr&eBonds or “Bunds” (Bund€i for
inflation-linked bonds) and the 5-year notes arevkm as Federal Notes or “Bobls” (Obl€i for

inflation-linked bonds}° The table below summarizes all the issues doGeimany so far.

Table 3 : Germany Inflation-linked Bonds
. Nominal Amount
Bond Issue date Maturity date Outstanding (€ million)
2,25% ObI€i 2013 16-Oct-2007 15-Apr-2013 13.000
1,25% Bund€i 2016 07-Mar-2006 15-Apr-2016 9.000
1,75% Bund€i 2020 04-Jun-2009 15-Apr-2020 3.000

Data taken from Bloomberg amiindesrepublik Deutschland — Finanzagentur GniPOct-2009).

3.2.3 — Greece

The first inflation-linked bonds issued in Greeoeravreferred to as State Bonds Index Linked
(SBIL) and its issuance took place on th& May 1997. Two bonds were launched, with 5
and 10-year maturities. Both of them were desigizetle real return bontfswith annual
interest payment with the addition of the deflatftwor for the principal redemption. These
bonds were linked to the Greek CPI, since, at tima¢, it was the most well known and
widely accepted measure for inflation. On thé"1August of the same year the Greek
Ministry of Finance issued two more SBILs with tteme maturities. Since inflation started
to fall in early 1999, these instruments stoppemhd@ppealing to investors and the State

stopped its issuance and even started to acces# thends as a means of payment for fixed

http://www.deutsche-finanzagentur.de
! Real return bonds are indexed bonds with a desigitar to the capital indexed bonds but pay cowspsemi-
annually.
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rate bond auctions. However, in March 2003, theeterieublic Debt Management Agency
iIssued, via syndication, an inflation-linked bondtaring in 2025, with the design of a capital
indexed bond linked to the European HICPX, just like French bonds, that were used as a
benchmark for this bond’s pricing in the syndicatjorocess. In 2007, Greece launched its
second inflation-linked bond maturing in 2030 atgbanade a private placement for a 50-
year bond linked to the European HICPx. Althouglvitg built both major issues to
benchmark’ size, the Greek Public Debt Management Agencyadirenade clear that it has
no intention of building a benchmark curve for ¢né®nds. In the table below are the details

of the Greek inflation-linked bonds issued so far.

Table 4 : Greek inflation-linked bonds
. Nominal Amount
Bond Issue date Maturity date Outstanding (€ million)
2,90% GGBEi 2025 18-Mar-2003 25-Jul-2025 8.200
2,30% GGBEi 2030 03-Apr-2007 25-Jul-2030 7.500

Data taken from Bloomberg and the Greek Public D&dmbtagement Agency (24-Oct-2009).

3.2.4 — Italy

The first time Italy considered issuing inflatianked bonds was in 1981, with the threesome
objectives of extending the maturity of the goveemtndebt, enhance monetary policy
credibility and lower the cost of borrowing. Thesfiissue was a 10-year bond with principal
and interest linked to the GDP deflator at factostcmade in 1983. Although the objectives
proposed were achieved with this issue, it wasarsiccessful issue because it was done very
quickly and most investors were not well informdxbat its details and technicalities; it also
came to the market at a real interest rate of @iyo, which was perceived to be very low
when compared to market rates at that time. Thetfat it was indexed to changes to a
measure that was published only once a year, niadpan indexation lag that was very long
and that was not broadly known, also explain itk laf popularity among investors. In the
years thereafter, many issues were made by Itdhancial institutions. Between 1982 and
1992, thelnstituto Italiano di Credito Fondiariassued several long term inflation-linked
bonds with a 15-year maturity and a partial indexato changes to the Italian CPI of 75%.
Other institutions also issued inflation-linked kblerduring the 1990s and early 2000, like the

commercial bank&onti dei Paschi di SienandBanco Ambrosiano

12 A benchmark bond issue is a liquid issue with m@hamount outstanding over 1 billion euros.
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Nonetheless, the idea of issuing inflation-linkedbtd was not forgotten by the Italian
Government, and in 2002, the ItaliBipartimento del Tesorannounced that was evaluating
whether to launch an inflation-indexed bond progremaddition to its fixed rate bond
program (referred to as BTB)In September 2003, thgesorosyndicated its first inflation-
linked bond, a 5-year maturity BTP€i linked to theropean HICPx. The design of the Italian
inflation-linked bonds is very similar to the Frénbonds with the difference that Italian
bonds pay semi-annual coupons. From 2004 onwasdldtdlian Tesorostarted to build a
benchmark curve with more issues of different maés and, by 2005, Italy had surpassed
France as the European country with the largesksibdebt issuance linked to the European
HICPx. In the table below are listed all the BTB8ued so far.

Table 5 : Italian inflation-linked-bond issues
. Nominal Amount
Bond Issue date Maturity date Outstanding (€ million)

1,65% BTP€i 2008 10-Sep-2003 15-Sep-2008 13.400
0,95% BTP€i 2010 26-Jan-2005 15-Sep-2010 14.301
1,85% BTP€i 2012 23-Mar-2007 15-Sep-2012 10.438
2,15% BTP€i 2014 10-Out-2004 15-Sep-2014 14.500
2,10% BTP€i 2017 21-Jun-2006 15-Sep-2017 12.488
2,35% BTP€i 2019 21-Mai-2008 15-Sep-2019 12.377
2,60% BTP€i 2023 20-Jun-2007 15-Sep-2023 13.652
2,35% BTP€i 2035 19-Oct-2004 15-Sep-2035 13.685
2,55% BTP€i 2041 21-Oct-2009 15-Sep-2041 3.500

Data taken from Bloomberg amipartimento del Tesor¢24-Oct-2009).

3.3 — Inflation-linked bonds security design

The security design of these bonds is very techrics way this whole section is dedicated
to a thorough description of all tmeinutiaerelated with inflation-linked bonds. The section
begins with the description of the cash flows dtites that can be adopted. Then it is
presented the details associated with the indexatioice and how it is applied to the bond’s
principal and coupon cash flows, followed by therke& price and yield construction. The
section concludes with the explanation on how ttcutate these bonds’ duration and

breakeven inflation considerations.

3 BTP stands foBuoni del Tesoro Poliennakind are medium and long term securities with fikedpons
particularly useful for those investors requiriranpstant payments every 6 monthswv.dt.tesoro.it)
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3.3.1. — Cash Flow design

The main objective of inflation-linked bonds isgmtect investors against an erosion of his
investments’ purchasing power caused by inflatidowever, the design of these securities
can take various forms. In this section five difier design forms will be present¥dThe

most common are the capital indexed bond (CIB Henttg and the interest indexed bond
(IIB henceforth), but there are three other typedesign that are used and worth mentioning:

current pay bonds, indexed annuity bonds and iralegeo-coupon bonds.

o Capital Indexed Bonds

This structure has a fixed real coupon rate andraimal principal value and both rise with
inflation. The nominal interest payments are coraguds the real coupon rate multiplied by
the compounded inflation rate since the bond wased, as shown below

C :%X% (3.1)
whereC; is the nominal coupon payment at tiin@o), r is the annual real coupon rate (%),
is the number of coupons the bond ppgsyear,P; is the value of the price index at tirhe

andPy is the value of the price index when the bongssied. The ratlePL is known as the

[o]

. r : . .
Index Ratio and allows for the real coupento be adjusted for inflation.
Cc

As for the principal repayment it is also adjusted inflation. However, to prevent loss of
value if deflation occurs, some securities (like thsued by France), have a deflation floor.

This way the principal payment can be computeabews

Without Deflation Floor : F = 100><% (3.2)
0
With Deflation Floor : F = max(lOO, 100x %j (3.3)
0

whereF is the principal paymenEs is the value of the price index at maturity dhds the
value of the price index when the bond is issudds Way the indexation allows for small

adjustments in the coupon payments but only pagsitfiation uplift in the principal

14 Taken from Deacon, Derry and Mirfendereski, (2004)
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repayment. Another important aspect of this desgates to the possibility of introducing a
deflation floor: as only the principal payment isofected against deflation, if this occurs
during the life of the bond, the coupon paymenttreflect it, since they will be smaller than
the real coupon rate at issuance.

This is the most widely used structure to desidlation-linked bonds. In some literature it is
also referred to as th@anadian Model® because Canada was the first country to adopt this
design for inflation-linked bonds.

This structure is also known as real return bomdctire when the coupon payments are
semi-annual, like the ltalian case. The desigmésdame; the only thing that changes is the
models’ denomination. All the issuer countrieseredd in the previous section use this
security design for their bonds, as well as the Ua UK, Australia, Sweden and Canada,

among others.

o0 Interest Indexed bonds

In this design, all the inflation adjustments cafmeugh with the coupon payments. So every
time a coupon is paid, it is adjusted in orderdftect the coupon rate of the bdfighlus the

periodic inflation rate, as follows

C, =r+100 x(i—lJ (3.4)

t-1
whereC; is the coupon payment at timer is the annual real coupon rakg,is the value of
the price index at timeandPy., is the value of the price index at timag. The principal of the
bond is paid at par value (i.e. 100) without angtHer adjustments, like conventional fixed
rate bonds. These bonds are seen as a form dfionflarotected floating rate bonds and do
not provide purchasing power protection of all fetwcash flows because the principal
repayment is not adjusted. This way, this structomevides a lower degree of inflation
protection than CIBs, and this explains its lackopularity among investors.
The only country that used this model to issueatidh-linked bonds was Australia in the
1980s, in parallel with the issuance of inflatiamked bonds under the CIB model. As the
former issues proved to be less popular than theegsbased in the CIB model, the issuance

of inflation-linked bonds with this security desigeased in 1988.

15 James and Levy-Yeyati (2008: 8).
' Only CIBs security design accounts for coupon peryis more than ongeer year. Hence, all other types of
indexed bondformulaewill consider annual coupon payments only.
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o Current Pay Bonds

Like the former model, in this security design thation adjustments are done in the coupon
payments. However, in these bonds’ coupon, thesadgnt is done on two ways: the coupon
itself is inflation-adjusted but it is also summegd an indexation of the fixed principal, as
shown below

C, =rxpi+100 X(i—lj (3.5)

t-1 t-1

whereC; is the coupon payment at time is the annual real coupon rate (®)js the value

of the price index at timea andP., is the value of the price index at tiie. The principal

of the bond is paid at par value (i.e. 100) withany further adjustments, like conventional

fixed rate bonds.

This structure was considered by the U.S. Treastign the decision to issue inflation-linked

bonds was taken; however they chose to designetwerises according the CIB model. The

only country that effectively issued securitiesdzhs this design was Turkey, between 1997
and 1999.

o Indexed Annuity Bonds

These bonds’ design is based on a fixed annuityneay plus a variable payment that
compensates for inflation. The base annuity payn@nts calculated using an annual pre-
established real interest rat¢ &énd the face value of the borfe) @s follows

5=F .o :1[1_;] (3.6)
a r (@+r)"

Wherea, is the constant annuity formula for a bond whegands for the number of years
the bond will be alive. Hence the coupon paymenttifiics bond is simply calculated by

multiplying the base amount by the Index Ratiohaf bond.

C, =Bx1L (3.7)
0
whereC; is the coupon payment at tiheP; is the value of the price index at timandPy is

the value of the price index when the bond is idsue
Since there is an annuity payment in each coup@netis no principal repayment at maturity;

the investor only receives the last annuity mukghlby the Index Ratio derived from the
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variation of inflation during the life of the bondihe issue of this type of securities was done
in Australia by public corporations.

0 Indexed Zero-Coupon Bond

As the name suggests, these bonds pay an inflatiusted principal at maturity and pay no
coupons. The principal repayment is simply theyadue of the bond times the Index Ratio as
the expression below shows

N, =100x L (3.8)
I:)0
whereN is the final payment at maturiti?r is the value of the price index at maturity dhd
is the value of the price index when the bondssiésl. This type of bonds has been issued in

Poland, Iceland and Sweden.

3.3.2. — Indexation choice and cash flow applicatio

As it has already been mentioned several times;tib&ce of the price index is of the upmost
importance to make these bonds an appealing ineesinRecalling Deacon, Derry and
Mirfendereski, (2004), there are four charactarssthe index chosen must have. The first one
Is matching both investors and issuers’ inflati@dding requirements. When using inflation-
linked bonds, investors will be exposed to basik, ri.e. the difference between the inflation
measure associated with the liabilities to be hédgel the inflation measure to be used in the
bond’s cash flows. The higher the mismatch betwkese two measures, the higher the basis
risk and the lower the investors’ interest in usingse bonds for liability hedging. Secondly,
the index must be reliable. In order to be so,dlleulation and revision rules for the index
must be very explicit and clear and the bond’s peoctus must have a description of how an
eventual revision, rebasing or other changes initldex will affect the investors. For
instance, in the case of the country issuers ptedeabove, revisions do not affect the value
of the bond, since only the first number publisieedonsidered for the calculus of the Index
Ratio; in the case of index rebasing, the IndexdRatll be converted to the new base when
the rebasing occurs in order to prevent loss afevaind make all past cash flows comparable
with the new index basg.If the is a delay in the index publication an aggr of the last 12
numbers published will be calculated and used tmprge the Index Ratio. Thirdly, an

integrity issue arises; the index provider musinolependent from the bond issuer, in order to

" The rebasing process is explained in Annex 1.
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safeguard the possibility of index manipulation.the European case this is not a problem
since the bonds are issued by country governmesmicigs and the index is published by
Eurostat which is under the jurisdiction of the Europeaon@nission and not any of the
issuer countries; hence, the possibility of indexanipulation is residual. The index
publication must also be disseminated as quicktyaidely possible, in order to allow for the
market prices to incorporate it as promptly as fpbss Last but not least, index seasonality is
also an aspect to take into account to value tinel’sacash flows, since it will affect not only
the expected nominal size of the future cash flowshe seasonality pattern (accordingly to
the time of the year when the interest paymentsdaree) as well as market nominal yield
calculations, because these entail a future iofiafiorecast that is not constant over time. This
way, quoted nominal yields will fluctuate throughdiie year with seasonality changes. The
method to eliminate these problems would be cdmgdhe seasonality patters in the index,
but that would imply back month revision of the éxd something that is not acceptable for
the cash flows calculation. Although not being eoted in the cash flows valuation, the
issuers and investors are aware of the seasopalityrns, since they are relatively stable over
time and are a pure reflection of economic reality.

One thing that can also be considered is whethiilloindex the security’s cash flows or to
allow for partial indexation. Taking into accoumtiat if partial indexation is to be applied,
then the bond will not reflect price changes in,ftihe truth is that in some cases partial
indexation can make inflation-linked bonds moregaative to investors. One example of
partial indexation is the introduction of a deftatifloor at redemption for principal payment.
This way, if deflation occurs during the life ofetitbond, it will not erode the principal’s real
value, allowing for some extra return for invest@khough this represents a mismatch in the
bond’s inflation hedging abilities, in this caseistconsidered benign, since it produces a
higher return than the one reflected in the indlatiinked liability portfolios that the investor
wanted to hedge.

Other important feature to be considered for theust design of these bonds is the
indexation lag. One of the reasons why inflatiorkéid bonds were created was because they
can allow investors to have a high degree of ra#les certainty in their future cash flows.
Total real value certainty would be achieved ifcath flows were adjusted for inflation right
up to the moment they are paid. However, this tspogsible because it takes time to compile
and publish price indices. One would also have aketinto account the instantaneous
inflation variation between the trade date and #edtlement date for accrued interest

calculation, and that is not possible as well. Nthtstanding, the longer the indexation lag,
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the lesser the inflation hedging the bond providas; point becomes even more important for
short term inflation-linked bonds, because the propn of the bond’s remaining life as a
fixed rate bond security increases as the secwaigroaches its time to maturity. The
indexation lag will correspond to the time to matuin which the security is exposed to
inflation risk, i.e. if the indexation lag is sixamths, in the last six months the security is
alive, all the inflation changes that occur willtrize transferred to the security cash flows,
since when that was supposed to happen the seuiiltipiready have matured.

As mentioned above, one way to minimize the inderatag is to make it as short as
possible. As James and Levy-Yeyati (2008) point muthe case of the CIB structure used for
the euro denominated inflation indexed bonds, #wgedpplied is of three months. Between
index publications the reference index is comptgdinear interpolatiort? like the formula

below shows.

m-2 Pm—3) (3.9)

wherel; is the reference index for ddyPn; is the value of the price index at tinne3
months,Pn is the value of the price index at time2 months,M is the number of days in
monthm, t is the day of the montim when settlement occurs amis the month on which
settlement takes place. Applying formula (3.9)hte tlay in which the inflation accrual for the
bond begins, by substituting timeday for the first day when interest starts to aedruthe
bond (thebaseday), allows for the calculation of the base in@gxgd. This way, it is possible
to compute a daily Index Ratio to adjust for dailffation changes in the bond and whenever
it is traded, making the inflation accrual steadilyer each month instead of adjusting only
once a month, when the new number of the priceximglpublished. The daily adjusted Index

Ratio is given by the expression

lt

IR = (3.10)

wherelR; stands for Index Ratio in dayBoth indices used to compute are truncated to six
decimal places and then rounded to five decimalgslaln order to compute cash settlement
amounts, real accrued interest is computed as fdomominal fixed rate bonds. Then, clean
price and real accrued interest are each multighyedhe Index Ratio. As for coupon and
principal amounts, the process is the same: eaofuisplied by the Index Ratio computed

with reference to the day when they are calculatEdvever, if at maturity the Index Ratio is

'8 Since all euro denominated bonds follow the CiBcttire, from now onwards the orflyrmulaepresented is
the one that applies to this security design.
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less than one (this will happen if deflation ocguiisthe bonds have this option, the deflation
floor will be triggered and the principal amountivae redeemed at par value.

One thing that stands out from this design is tbgatboth annual and semi-annual coupons,
the inflation accrual varies between coupon paysesince it reflects the monthly changes in
the index. Nonetheless, the indexation lag meaatsttie nominal yield does not include all

known inflation information from a time lag thatud vary between two weeks and a month
and a half of inflation in the current CPI measuvhjch has not yet been incorporated in the
calculus of the Index Ratio.

The completdormulaefor the CIB security design can be found in An2ex

3.3.3. — Duration calculation

As Brynjolfsson (2002: 209), summarizes, “Duratisrthe measure of a bond’s market value
sensitivity to changes in specific yields — realnmminal”’. Hence, duration measures, as
defined by Macaulay and Fisher-Weil, also apply ifeitation-linked bonds, with some
variations. These bonds have two types of dur&tioeal-interest rate duration and inflation
duration, which can be seen as a decompositionbaina’s nominal duration. Although this
decomposition is very hard (as it does not makseefor nominal bonds, since all the cash
flows associated to the bond are expressed in radrenms, the same does not apply for
inflation-linked bonds. Since inflation-linked basidcashflows are stated in real terms, the
usual duration formulae can be used to computédhnes real duration. This way, for a non-
flat interest rate term structure the inflationki®al bond’s real duration (DFW) will be
computed as follows

anTX % Lrox 100

S bt yeor ) e ye(or, ) (3.11)
B(0)

DFW =

where 7 is the remaining time to the real coupon’s payn@ntyears),r is the annual real
coupon rateyris the annual real spot rateis the time to maturity of the bond (in years)s
the number of coupons the bonds pag¢s year andB(0) is the bond’s real fair value,

computed as expressed below:

n % 100

S A o I AT @12

19 Sjegel and Waring (2004: 52)
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In real terms, the formula is straightforward, ltnominal terms the calculation can be
tricky. There are two ways to compute these bomashinal duration, most commonly
referred to agffective duratiofED). One of them is by adjusting the real duratigra factor
denominatedield betathat arises from thg coefficient of a linear regression that attempts t
measure the yield sensitivity of the real interegé to a change in the equivalent nominal

interest raté® The formula is beneath:

ED = #x DFW (3.13)

This is a very simple way to estimate inflationkkxa bonds effective duration; however it has
important flaws that need to be considered. Pori&R addresses some of these flaws.
Although nominal interest rates variations can kglaned by real interest rates variations,
this is not the only factor that makes nominal nes¢ rates vary. Inflation changes also
contribute for variations in nominal interest ratexd, in a broader level, anything that can
lead to inflation changes can have an effect onimaninterest rates. Another flaw is related
to the unsteadiness of tgeeld betaestimate: the inflation-linked bonds’ yield senati to
changes in the equivalent nominal yield is not Istafhis arises because normally real
interest rates are less volatile than nominal @derates, but it is also an information issue:
market movements and the arrival of new informatian be incorporated in both yields in
different ways. For instance a new inflation ragkease should not affect real interest rates,
only nominal interest rates and, for this specgfi@nt theyield betais zero. This way, to
correctly use thgield betato compute effective duration, new estimates wdnddeeded on

a daily basis and the information effects needebetpurged from the estimates, which can
prove to be very difficult. Taking into account #ikese aspects, to simply adjust éfiective
durationformula using theield betaseems to be an oversimplification and can leadhmh
level of basis risk since all that is not incorgerhin theyield betacan be attributed to
inflation changes.

The other way is to compute tleéfective duratioradjusting the real cash flows of the bond
with an inflation expectation until the bond’s mattyrand then discount the cash flows using
nominal rates. This approach is more complicated &ralso has the setback of being
dependent from a forecast of future yearly inflatrate (and, this way, also entailing some
room for error) but it seems more realistic thae yreld betaapproach. For this purpose,
assuming that the best estimate for future inflai® theyear-on-yearactual inflation rate

2 pond (2008: 164).
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(depicted asm) and bearing in mind the relation between nomingrest rates and real

interest rates as portrayed in Fisher’'s Equation:

(1+yy)=(0+yg)x@+n) (3.14)

whereyg stands for real annual spot rate gnaétands for nominal annual spot rate, formulas

3.11 and 3.12 can be converted in order to all@cticulus of duration in nominal territs.

S7ox, e x At (3.15)
opw < - mEvor " ey oz, )" |
B(0) ’
where B(0)= > ot o+ FV, _
Ap+yylor, )t i+ v (o, ) (3.16)

whereC;is thej-th coupon of the bond arkV is the face value of the bond.

Although it can be argued that the Index Ratio @ffeexpressions (3.15) and (3.16) in the
same way and, hence, the inflation adjustmentdanéant, that is not entirely true due to the
indexation lag. This way the future inflation exfsmons are reflected instantaneously in the
nominal interest rates but reflected with a threentn lag in the coupon and principal
valuation, since the Index Ratio computation alldarsthat lag, as stated in equations (3.9)
and (3.10). Anyway, although not being redundant possible that the difference between
both duration measures might be small.

The calculus of theffective durationis important to allow comparisons between inflatio
linked bonds and nominal bonds in a portfolio catteince all risk measures computed in a
portfolio must derive from similar individual bomdeasures, i.e. it is not possible to calculate
accurately the portfolio’s duration using nominalration for fixed rate bonds and real

duration for inflation-linked bonds.

3.3.4. — Breakeven inflation calculation

By comparing fixed rate bonds and inflation-linkeoinds, it is clear-cut to see that they are
related. Fixed rate bonds only allow yield calaokas in nominal terms; as for inflation-

linked bonds, they allow for price and yield cabtidns in real terms and, with a conversion
factor (the Index Ratio), transform them in nomitaims. So, by using fixed rate bonds

(FRB) and inflation-linked bondslI(B) with similar maturities it possible to derive an

I The calculus detail is depicted in Annex 3.
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inflation expectation that comes from the differeretween nominal and real interest rates.
This estimate is named breakeven inflati®&@EK and can be obtained by the expression
below.

FRB
BEI rate = L+ Yy -1 (3.17)
1+

LB
Yr

This expression is derived from Fisher’'s equati®ii4) and it simply allows computing the
annual inflation assumption that will make holdrt@turity investors indifferent to having
fixed rate bonds or inflation-linked bonds with #en maturities. To illustrate this we can
take a simple theoretical example. Suppose we travédonds maturing in June 2011, a fixed
rate bond with a nominalield-to-maturityof 3,5% and an inflation-linked bond with a real
yield-to-maturityof 1,2%. By computing the breakeven inflation adoogly to expression
(3.17),

(1+ 35%)

BEI rate =
(1+12%)

-1=2273%

we find that the annual breakeven inflation rat@,B873%, i.e. if this was the inflation rate
until June 2011, for an investor that wants to beqeted against inflation fluctuations from
now until that date it will be completely indiffereto buy the fixed rate bond or the inflation-
linked bond at the giveyield-to-maturityrates.

Although this reasoning might seem naive, since ghabability that future inflation will
equal current breakeven inflation is very low, tleswhat the breakeven inflation concept
stands for. This measure is used mainly to acceskanhexpectations for future inflation; it
also works as a barometer for central banks touatal future expectations of market

participants, helping to implement future monetaolicy.
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Chapter 4 — Immunization Procedures

Assuming that one has liabilities in euros thatdnée be liquidated in the future and that

those liabilities’ growth rate is equal to the Hoean inflation rate, what is the best way to
immunize them? The aim of this section is to searuunization strategies using inflation-

linked bonds. The first section discusses the tetracture of interest rates. The chapter
proceeds with liability definition, immunizationrategies and an in-depth presentation of the
hypothesis assumed for the asset portfolio. Themakults of the immunizing strategies using
inflation-linked bonds are revealed. The last sgctompares immunization results between

inflation-linked bonds and fixed rate bonds.

4.1. — Term Structure of Interest Rates

One of the main inputs for this analysis is interases and since the analysis can be done in
real terms or nominal terms, this implies that biyjes of interest rates must be collected.
For nominal interest rates the procedure is eddg. only necessary to gather zero coupon
rates for the Euro Area from any market informatgmurce?® This information is widely
known and used by market agents. Conversely, teatahformation for real interest rates is
not so simple since the information available ia tharket comes from interest rate swaps,
where the market source is not sovereign bondstlamdates published are subject to the
swap counterparty risk level. This way, the onlywaget real interest rates that are based on
sovereign bonds is to estimate them from the bdmatsare quoted in real terms, i.e. inflation-
linked bonds. From all the issuers presented, ¢wly have enough bonds to accurately
estimate the term structure for interest ratesnégaand Italy. By analysing both issuers, one
can infer that, although Italy has more bonds idsu@wv, France was the first issuer for this
type of bonds in the Euro Area. Hence, by usinghélmebonds it is possible to estimate the
real term structure of interest rates for a wigestment horizon; and this is the main reason
for the choice of French bonds as input for retdrest rate estimation.

The term structure extraction chosen was the paramapproach first introduced by Nelson
and Siegel (1987) that consists in minimising tine ©f squared price errors, defined beneath

min Z [sQ(0)-B,(0)] (4.1)

Bo b By 45

22 All market data used in this thesis has been cltefrom Bloomberg.
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whereSQ(0) is the settlement quote for bohdcomputed as the sum of the clean price and
the real accrued interest for the boBd0) is the fair value of the bond, computed as shawn i
equation (3.12) angh, 51, [, [ represent parameters that need to be estimatedi@n to

compute the real interest rates through the equagtow

y(0.0)= B, + ﬂl(ip(é)} + 5, (1'%"(‘?) _ exp{_—TJJ 4.2)

-T
3

Bs
whereyr Is the real spot interest rate andtands for the rate’s investment horizon. The real

term structure of interest rates was estimated weekly basis and for investment horizons

that vary fromovernightto forty years.

4.2. — Liability definition and immunization stratges

The first step is to define the liability we wish immunize. As Fabozzi (2000: 449) defines,
“a liability is a cash outlay that must be madeaaspecific time”. This author classifies
liabilities in four types: (1) one for which bothet cash outlay’s amount and timing are certain
in the beginning of the immunization process, (8¢ dor which the cash outlay’s amount is
certain but the timing is not known, (3) one forig¥hthe cash outlay’s timing is known but
the amount is uncertain and (4) one for which ktb#h cash outlay’s amount and time are
uncertain. In this case we wish to immunize a ligbiwhose nominal final amount is
unknown in the future, since it grows at the Eusspannual inflation rate (measured by the
HICPX): this way, according to Fabozzi (2000) we &r the presence of a type 3 liability. It
could also be considered a choice between singidity or multiple liability immunization
procedures. For the purpose of this thesis, aesirgbility is considered.

Now that the liability to immunize has been definédmatters to identify the correct
immunization strategy. According to Christenserhdzai and LoFaso (1997: 929), setting up
a single-period immunization implies that at lea#&b conditions are met in the beginning of
the immunization period: (1) equalling the duratadrihe asset portfolio to the duration of the
liability one wants to immunize, (2) ensure thesgrg value of the asset portfolio equals the
value of the liability. As for the rebalancing difet asset portfolio, this should be done in a
way that the duration of the asset portfolio isae equal to the duration of the remaining
life of the liability. This implies that every cadlow generated by the asset portfolio (i.e.
coupons, bond redemptions) will have to be reireggnto the portfolio. However the
duration-matching strategy described above is m@toinly immunization strategy that could

be used. One could also opt for a duration and edtywimmunization approach that has the
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advantage of accounting for variations in the testnucture of interest rates that are not
parallel changes. As for the immunization procedtgelf, one could choose between three
approaches: (1) passive immunization, where théigda keep the liability immunized at all
times, regardless of the asset portfolio’s ret@@y,active immunization, where a strategy is
devised to attain a minimum realized return ratetf® asset portfolio, while keeping the
liability immunized and (3) a contingent immunizatj which is a mixture of active and
passive approaches, i.e. one establishes a “tfiggaurn rate for the asset portfolio and
proceeds with an active immunization approachhé tealized rate of return of the asset
portfolio falls bellow the defined “trigger” rat@, passive immunization approach is adopted
thereatfter.

For the purpose of this thesis, it is consideresinaple plan: single liability that will be
immunized by applying a duration matching strategg a passive approach. This will be

done by creating an asset portfolio, accordindnéostructure described in the next section.

4.3. — Asset portfolio structure assumptions

The asset portfolio structure that will be impletgehto immunize our liability is presented
below. It will also be discussed the main assunmgtitat will take place in the immunization

process.

4.3.1. — Cash outlay

The first step is calculating the amount we needht@st to immunize the liability in the
beginning of the process. In this case, the investramount will equal the present amount of
the liability to immunize. The asset portfolio wélso be self-refinanced, i.e. there will not be
any type of cash injections during the immunizagoocess, unless they are generated within
the portfolio via coupon payments and/or principal redemptions tbeour during the

immunization process.

4.3.2. — Eligible securities

Since the liability is defined as growing at a ratpial to the inflation rate and is in euros, the
security universe to be considered are inflatioikdid bonds. Since there are two different
inflation indexes for which exist inflation-linkdasbnds issued (the HICPx and the French CPI
ex-tobacco), in order to avoid discrepancies betwtbe growth rate for the liability and the

asset portfolio, the inflation-linked securitiestlnave a linkage to the French CPI ex-tobacco
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are excluded from the set of eligible securitieewdver, the market securities available do
not include short term securities that could praseful for this analysis. To account for this,
synthetic inflation-linked zero coupon bonds wereated, with six-month and one-year
maturities and accordingly to the Indexed Zero-Goupond design presented in Chapter 3.
The duration and fair value calculations are daneeil terms accordingly to expressions
(3.11) and (3.12), but accounting for the fact thatoupons are paid.

4.3.3. — Investment Horizon

The investment horizon for the asset portfolio Wil equal to the time remaining to liquidate
the liability one wishes to immunize. In order tecttle which investment horizons should be
considered for the simulations it is necessarybeove the horizon for which it is possible to
collect data for inflation-linked bonds. This wagnd considering that the first eligible
inflation-linked bond was issued only in 2001, theestment horizons chosen were one,
three and five years. However, after analysingréselts from the simulations, it was visible
that for the five-year horizon some results seerbamdd. So, taking into account that real
bonds are used and the last two years we wentghrone of the most serious financial
market crisis ever, a new investment horizon of f@ars was introduced in order to access if

the five-year investment horizon results were ddpah(or not) of the market environment.

4.3.4. — Rebalancing frequency

The asset portfolio will be rebalanced on a wedldsgis, ensuring this way sufficient data for
all the investment horizons chosen. This rebalandmequency also allows for faster
incorporation of any kind of cash flows generatgdtite invested securities into the asset
portfolio. It also makes possible to collect enowlgita for the smaller investment horizons,
something that would not be attained with a widdratancing frequency.

4.3.5. — Additional Constraints

It is also possible to set up any additional caasts for the immunization process that might
be relevant, namely immunization risk, transactosts, and as some assumptions related to
the security universe chosen (i.e. nominal or meahunization, country spreads). The above
mentioned features are those that allow for moemdom of choice and testing of the

immunization procedures. The choices made are ievguldelow.
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0 Immunization risk assumptions

Although it is being applied a duration-matchinggge strategy, one has to bear in mind that
only by chance the interest rates changes willdrallel changes for the investment horizons
considered. This way it is possible to choose sgveositioning approaches for the asset
portfolio in order to test which will produce bett@sults in each investment horizon. Since
only single liability immunization is being consied, the creation of bullet portfolios is a
necessary condition for the simulations, since foreseeable that these are the portfolios that
achieve higher results in this scenario, becausg @alow matching both asset portfolio and
liability cash flows?® However, to complement the analysis, barbell amtiom portfolios
will also be simulated in order to evaluate if thés value added in choosing any of these
types of portfolio positioning (which are riskiar ierms of immunization strategies), and, if
so, why that occurs. Each portfolio positioninglvek simulated for all investment horizons

considered.

o Transaction costs assumptions

The base scenario for all simulations will be teusse that there are no transaction costs, and
all securities will be bought and sold at mid-mangeces. However, inflation-linked bonds
are fairly illiquid, so it would be interesting &valuate if the results that will be obtained for
all the portfolios estimated under the “no transectcosts” assumption will hold with
transaction costs. This way, a second scenario lvallimplemented by recomputing all
simulations, for all investment horizons and pdrtfalesigns with transaction costs, such that
bond purchases will be done at offer prices andllsates at bid prices. Under this scenario,
and considering that, in the presence of transaatmsts excessive rebalancing might be
harmful for the immunization performantkfor all investment horizons and portfolio
designs, a monthly rebalancing horizon will alsocbesidered in order to gauge if there is
superior performance with less portfolio rebalagcim order to be possible to simulate the
portfolios with both real and synthetic bonds, ldiger ones’ prices will be adjusted to reflect
different bid and offer prices. This will be dong talculating the bid-offer spre&djn cents,

for each rebalancing date, using the shorter rdkdtion-linked bond and then applying that

%3 Fabozzi (2000: 462-463).
24 Agca (2005: 648) and Fabozzi (2000: 461-462).
% The bid offer spread in computed by the differebeaveen offer and bid prices.
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value to the estimated mid prices. The offer pvdébe created by adding the half bid-offer
spread to the mid price and the bid price will beated by subtracting it.

o Inflation-linked bonds assumptions

Regarding the set of eligible securities, two issmeist be addressed before proceeding to the
simulations.

The first one is to choose between an immunizgpia@tess in nominal terms or real terms.
Since both asset portfolio and liability are seggtow at the same inflation rate, it could be
straightforward to choose an immunization processeal terms. In the liability side it is
possible to go either way since the only adjustnbeiile made is to add the growth rate to the
real value of the liability for each investmentizon in analysis. Yet a difficulty arises when
one considers the possibility of comparing theseulte with results derived from
immunization with fixed rate bonds. If the simutatiusing inflation-linked bonds is done in
real terms and the simulation using fixed rate Isolsddone in nominal terms the results will
not be comparable. Hence, there are two alterrati{d convert the transaction prices and
duration values for inflation-linked bonds in nomlinterms or (2) convert the transaction
price and duration values for fixed rate bondseal terms. As already addressed in Chapter
3, the differences between the nominal values hadéal values might be small. However,
this issue must be considered before proceeditigetsimulations, because it does not make
sense to compare results expressed in real terthsr@gults expressed in nominal terms. In
order to evaluate this, values in real terms andinal terms were estimated for the inflation-

linked bonds’ duration and fair values. The resaits presented beneath.

Table 6 : Inflation-linked Bonds comparison: nominal vs. realestimation
Country Average Maximum Minimum
Panel A: Differences between nominal and real durédn (absolute percentage)
France 0,272% 0,816% 0,007%
Germany 0,050% 0,087% 0,013%
Greece 0,210% 0,693% 0,008%
Italy 0,430% 0,497% 0,363%
Panel B: Differences between nominal and real bonfir values (absolute percentage)
France 7,814% 12,056% 5,107%
Germany 5,888% 6,848% 4,929%
Greece 6,193% 8,601% 4,408%
Italy 8,827% 9,738% 7,916%
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It is possible to see that, for the duration meastire differences are small. The same does
not occur for the bonds’ fair values, since theyyva lot, as expected, due to the inflation
accrual. Hence, it is shown that ignoring this ésswuld introduce an unnecessary bias to the
study that could reduce its accuracy and credybilithis way, the choice lied in an
Immunization process in real terms and, consequeht disinflation of the fixed rate bonds’
cash flows.

The other issue is related with the issuers couspirgads. As visible in the table below, the

sovereign issuer ratings suggest different risklebetween the issuers.

Table 7 : Sovereign Issuer Ratings for inflation-linked bondissuers
Country S&P Moody’s Fitch
France AAA Aaa AAA
Germany AAA Aaa AAA
Greece A- Al A-
Italy A+ Aa2 AA-

Data taken from Bloomberg in 24-Oct-2009. The ggipresent were
attributed by the most reliable rating agencies ldwide. Rating
definitions can be found in Annex 4.

This issue is relevant because different risk evedjuire different interest rate term structures
(in both real and nominal terms) that reflect thlaerent issuer risk of the bond. This is
inconsistent with the simulation of values and tares for the asset portfolio, because the
portfolios’ duration and present value can onlycbenputed accurately if all future cash flows
from all the bonds included in the portfolio arsatiunted using the same term structure of
interest rates. There are several ways to addnessniatter. One of then is to estimate term
structures for interest rates accordingly to theeseign risk level. However, this cannot be
adopted because it does not solve the portfolggeisso a solution where only one interest
rate term structure is used must be adopted. Hemzeoptions can be considered. One of
them is using for the simulations only bonds with sovereign rating similar to France, since
this is the country from which the real term stunetof interest rates was derived. The set of
eligible securities would be narrowed to the omsssied by France and Germany. Since the set
of eligible bonds is by definition quite small, @ner option can be considered. In order to
make the values comparable, one can discount thetrgospread in the bonds coupons to
lower the future cash flows to levels consisterthwai higher credit quality.

Therationale behind this approach is simple: if a country hgerceived higher risk level, in
order to be able to sell its debt it must pay arpuen that compensates that higher risk. This

premium is reflected in the bond’s coupon, sinae blond’s principal is always 100%, no
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matter the issuer. This way, similarly to what vwme for the latter issue, values for the
higher risk bonds were estimated considering thgaon correction and compared with the
values estimated without the coupon correction. dhentry spreads were calculated from the
difference between nominal sovereign yield curyesd teflect the risk premium associated
with both rating structure®. Both duration and fair value differences were eatd for the
set of eligible bonds. The results are present&dbie 8.

Table 8 : Inflation-linked Bonds comparison: Country Spreads
Country Average Maximum Minimum
Panel A: Country Spread duration differences (absalte percentage)
Greece 0,0702% 0,1088% 0,0316%
Italy 0,0066% 0,0220% 0,0000%
Panel B: Country Spread fair values differences (adplute percentage)
Greece 1,0922% 1,3009% 0,8835%
Italy 0,0740% 0,1906% 0,0093%

As it can be observed, the differences are quitallsihhis can allow us to conclude that,
contrarily to the nominaversusreal terms issue, this, although relevant, is anaerious
question that could bias the results. This waygéeof eligible securities will remain the
same, and, although this issue is acknowledgedcdimeilus of data for the inflation-linked
bonds will be done without taking into account toeintry spread.

All scenarios and hypothesis for the simulatiorsssaarmmarized in Table 9.

Table 9: Inflation-linked Bonds’ simulations structure
No Transaction Costs With Transaction Costs
_Investment 13,45 13,45
Horizon (years)
Rebalancing Weekly Weekly and Monthly
Frequency
Immunization Duration-matching bullet,  Duration-matching bullet, barbell
Strategies barbell and random portfolios and random portfolios
Inflation-linked  Real Approach without country Real Approach without country
Bond Options spread correction spread correction

% Although the calculation was done in real ternhe tountry spreads can be derived from the diffaren
between nominal interest rates and then applig¢tigaeal coupons because, as already discusselajote? 3,
the only difference between nominal and real irsterates is the inflation rate. The choice to atlieountry
spreads from market rates instead of estimatingy tihem the inflation-linked bonds’ term structuneas done
to avoid calculation bias as well as to obtain reaialues that evolve through time.
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4.3. — Immunization using inflation-linked bonds

Having discussed all the strategies and hypothegi¢emented, the simulations were done
and the results were interpreted accordingly tedlsets of indicators:

» Liability coverage — to access if, when, and in tvbanditions the liability is fully
covered.

* Asset returns — to evaluate asset returns foraatfglio strategies and compare them
with the spot real interest rate in the beginnihgach investment horizon.

» Portfolio composition statistics — this set of icatiors will only be presented for the
random portfolios and its objective is to gauge hbe portfolios are composed under
this strategy.

Before discussing the results | present some statielated with the liability to immunize in

the table below:

Table 10 : Liability returns

1 year 3 years 4 years 5 years
Annualized Return 0,70% 1,03% 1,18% 1,32%
Standard Deviation 0,34% 0,96% 1,37% 1,91%

0 Results without Transaction Costs

Annex 5 contains the tables with the results feg f#tenario. The table within this annex is
divided in four panels, one for each investmentwor considered, and inside each panel are
presented the three sets of indicators listed abdable 11 shows only the comparison
between the asset portfolio’s realized rate ofrreand the real spot rate for the investment

horizon analyzed.

Table 11 : Asset Portfolios Realized Rate of Return vs. SpotdRe (without transaction costs)
Random Bullet Barbell
Panel A: One-year Immunization Period
Real spotrate  0,6990% 0,6990% 0,6990%
Realized Return Rate 0,6405% 0,6721% 2,3170%
Panel B: Three-year Immunization Period
Real spotrate  1,0280% 1,0280% 1,0280%
Realized Return Rate 1,0543% 1,0601% 0,8450%
Panel C: Four-year Immunization Period
Real spot rate 1,1728% 1,1728% 1,1728%
Realized Return Rate 1,1611% 1,1123% 1,3255%
Panel D: Five-year Immunization Period
Real spot rate 1,3047% 1,3047% 1,3047%
Realized Return Rate 1,3106% 1,3185% 2,2467%
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The first thing that is visible is that the diffae between both measures is not very high for
random and bullet portfolios. However, for barkmrtfolios it is quite significant, namely in
the one-year and five-year investment horizons, revhihis strategy outperformance is
outstanding. Is this difference so significant thadves this strategy far superior to all others?
Unfortunately the answer is no. A barbell strateggsists of investing in short term and long
term bonds in order to immunize a liability by ctyosting an asset portfolio whose duration
matches the liabilities duration, and, as alreadgussed in section 4.3.5, stands for a riskier
approach to immunization. This is the case bec#usgerformance of these portfolios is
highly dependent from variations in real interedés. As depicted in Figure 1, real short-term
interest rates are more volatile than long-terneredt rates, and they do not evolve in the

same way.

Figure 1 : Real Interest Rate Evolution
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This ultimately explains why for some investmentibons these portfolios outperform.
Barbell portfolios achieve higher returns by inuagtin long-term bonds because their
interest rates seem to be more stable and not §edhe strategy is superior; if long term

interest rates had been more volatile during tkestment horizon depicted in Figure 1, the
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barbell portfolios would easily underperform thenat strategies. This also explains the
outperformance of five-year investment horizons to@ed in section 4.3.3.

In terms of liability coverage, bullet portfoliogtdeve superior results. This is particularly
visible for one-year and three-year immunizationquis where bullet portfolios have higher
performance and lower risk when compared with tthertwo strategies. In order to access
this | emphasise the $5ercentile results, since it allows for a worsseacenario analysis
for all portfolios’ liability coverage abilities. df one-year and three-year horizons
(respectively) bullet portfolios’ 25percentile exceed in 4 basis points (b.p.) anth.p5the
random portfolios and in 44 b.p. and 18.b.p. thd&&portfolios. For the four-year and five-
year portfolios this dominance does not occur &mdiom portfolios but it is still visible when
comparing the performance of bullet portfolios wersbarbell portfolios, where bullet
portfolios’ 25" percentile exceeds the barbell portfolios in 1& lor the four-year horizon;
for the five-year horizon the barbell portfoliostperform the bullet portfolios by 1 b.p.. This
accounts for the stability of bullet portfolios senthey are indeed less sensible to outlier
returns.

This is corroborated by the analysis of the ligpitoverage standard deviations. Here the
picture is straightforward; bullet portfolios tetwl have lower standard deviations in the one-
year (0,01%) and three-year (0,15%) investmentzbos and random portfolios have the
lowest standard deviations in the four-year (0,1680p five-year (0,15%) investment
horizons. Notwithstanding, standard deviation ddfeees between bullet and random
portfolios vary between 1 b.p. and 2 b.p. whichndeed a small value for this measure.
Contrarily, barbell portfolios’ standard deviatioase between two and ten times higher than
the random and bullet portfolio’ standard deviagion

As for random portfolios, the portfolio compositistatistics point to an evolution to a bullet
structure as time goes by, within each investmenizon, which also supports the superiority
of the bullet strategies. This is particularly bis for the longer investment horizons; by
analysing the portfolios variations by bucket ftwe tfour-year and five-year investment
horizon one can conclude that there is a migratiom higher duration buckets to lower
duration buckets which is consistent with a mignatio a bullet strategy towards the end of
the investment horizon simulations. This behavimfuhe random portfolios explains partially
their outperformance to bullet portfolios withiretmentioned investment horizons.
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0 Results with Transaction Costs

Annex 6 contains the tables with the results fas 8tenario. As for the presentation, it is
equal to the previous scenario: the table withis #nnex is divided in four panels, one for
each investment horizon considered, and inside padel are presented the three sets of
indicators listed above. Table 12 shows only themgarison between the asset portfolio’s
realized rate of return and the real spot ratéHerinvestment horizon analyzed. In this case,

and for each strategy, results for both weekly amshthly rebalancing approaches are
presented.

Table 12 : Asset Portfolios Realized Rate of Return vs. Spotde (with transaction costs)

Random Bullet Barbell
Weekly  Monthly | Weekly  Monthly | Weekly Monthly
Panel A: One-year Immunization Period

Real spot ratd 0,6990% 0,6990% 0,6990%  0,6990p6 0,6990% 0,6990%
Realized Return Rate  0,8157% 0,7677% 0,6671% 330% | 2,3168% 2,3168%

Panel B: Three-year Immunization Period

Real spot rate 1,0280%  1,0280% 1,0280%  1,028006 1,0280% 1,0280%

Realized Return Rate  1,0738% 1,0601% 1,0601% 668% | 1,3982% 0,6236%
Panel C: Four-year Immunization Period

Real spotratd 1,1728% 1,1728p6 1,1728% 1,1728% 28%7 1,1728%

Realized Return Rate  1,1901%  1,1120%  1,2124% 461% | 1,2574% 1,4795%
Panel D: Five-year Immunization Period

Real spotratd 1,3047% 1,3047p6 1,3047% 1,3047% 4I1%0 1,3047%

Realized Return Rate  1,2708%  1,2495%  1,2837% 425% | 2,1055% 1,7876%

With transaction costs, the conclusions one caw dr& not very different from the ones that
were derived from the scenario where transacticstscaere not considered. Once again,
bullet and random portfolios seem to have simidmnns while barbell portfolios stand out as
the ones with higher return and also higher riske Teason for the barbell portfolios

outperformance is the same as in the previous s6oena

As for the rebalancing frequency testing, themneaslear evidence that a monthly rebalancing
strategy is superior to a weekly one. Besidesntbathly rebalancing has the setback of not
allowing the re-investment of cash received fronupmns and/or redemptions into the

portfolio as quickly as in the weekly rebalancingategy, which can introduce duration

mismatch risk into the asset portfolio due to threation of a cash position between

rebalancing periods. This is not desirable for themunization analysis, because re-

investment rates of return are clearly influencgdh® point in time when the re-investment

occurs, influencing the portfolios’ realized ratfereturn. In terms of realized return rates, the
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monthly rebalancing portfolios only achieve highealized rates of return for five-year bullet
portfolios and four-year barbell portfolios, andstltan happen to different cash flow re-
investment rates of return and not due to lowens@ation costs that derive from a lower
rebalancing frequency. This way, although the tesare presented, the analysis will proceed
taking into account only the weekly rebalancingtiodios.

As for liability coverage, bullet portfolios andn@om portfolios stand out as those whose
results are superior. Analysing once again tHe @rcentile for these portfolios, it is visible
that for one-year and four-year investment horiz(nespectively), the random portfolios
outperform bullet portfolios in 5 b.p. and 1 b.pdabarbell portfolios in 49 b.p. and 61 b.p..
As for the three-year and five-year investmentzans, bullet portfolios outperform random
portfolios in 6 b.p. (three-year) and 14 b.p. (fixear) and barbell portfolios in 15 b.p. (three-
year) and 10 b.p. (five-year).

Regarding liability coverage standard deviatioms;enagain bullet portfolios prove to be less
risky and barbell portfolios riskier than all othstrategies. With transaction costs, bullet
portfolios tend to have lower standard deviationghie one-year (0,01%), four-year (0,12%)
and five-year (0,18%) investment horizons and ramgmrtfolios have the lowest standard
deviations in the three-year (0,13%) investmentizoms. Once again, standard deviation
differences between bullet and random portfolios laetween 1 b.p. and 7 b.p., which is
small, even though a little bit higher than in grevious scenario. Barbell portfolios’ standard
deviations stand out again as being three to teagihigher than the values for random and
bullet portfolios.

Random portfolios’ composition statistics also pdim an evolution to a bullet structure as
time goes by within the investment horizon, patady for long time investment horizons,
which, like in the previous scenario, also supptiréssuperiority of the bullet strategies.
However, there is one thing that stands out whenpewing both scenarios. The truth is that
the return differences between portfolios simulatétiout and with transaction costs are not
significant. Sometimes portfolios’ simulated witlarisaction costs have better results than
those achieved without transaction costs and shistally unexpected. When comparing both
scenarios, what would be expected is an underpeaioce with transaction costs. How is this
possible? One would assume that there is sometitiogg with the model, but, if that were
the case, the model would be corrected and the ngults would be presented. The
explanation is far more expressive and can be leisib the table below, which presents a
comparison between inflation-linked bonds (ILB) afided rate bonds (FRB) bid-offer

spreads.
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Table 13 : Bid-Offer Spreads: Inflation-linked bonds vs. Fixedrate bonds
Bonds approximate Average ILB Average FRB
maturity at issue (years) Bid-Offer Spreds (%) Bid-Offer Spreads (%)
5 years 0,129% 0,064%
10 years 0,216% 0,092%
15 years 0,357% 0,080%
20 years 0,551% 0,087%
30 years 0,338% 0,090%

The bid-offer spreads presented are computed aditiegence between offer
and bid prices, divided by the bid price, for bttB and FRB. The ILB prices

used are equal to the bond prices used as inpuhésimulations. The FRB
prices used were collected from bonds that paiesth ¢LB, i.e. have the same
issuer and maturity. Only real bonds are usedhiigranalysis.

By comparing the bid-offer spreads for inflationded bonds with the ones for fixed rate
bonds, it is clear-cut that they are far highero(tw six times higher). How can this help to
explain the results achieved? The first thing tisahoticeable is that the awkward higher
results in the presence of transaction costs appeahe shorter investment horizons for only
random and bullet portfolios. Analysing the poritbsl composition and variation statistics for
random portfolios, it is visible that the portfdistructures tend to be “more bullet” with
transaction costs and the investment transfers degtwbuckets are also lower. This is
somewhat a “liquidity paradox”: in this case thangaction costs are so high that less trading
is done which leads to less portfolio turnover ationately to portfolio returns that are not as
different than those achieved without transactiosts Since lower investment horizons tend
to be more sensible to transaction costs, in thisqular case, the simulations show portfolios
with hold-to-maturity positions and that is the sea why in these cases the portfolios

realized rate of return is higher.

4.4. — Immunization using fixed rate bonds

After presenting the simulations for inflation-liet bonds one faces an important question:
what if this kind of bonds is not available to imnmze liabilities that grow with inflation?
Would it be possible to do such immunization wittefl rate bonds? Is there any advantage
in using inflation-linked bonds?

As already discussed, a fixed rate bond is expdess@ominal terms, and, although this is
not usual, its cash flows can be decomposed inctmoponents: real cash flows and inflation

compensation. So in order to evaluate if therenig \walue added in using inflation-linked
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bonds, this section compares both bond types. Tthidpnominal fixed rate bonds with the
same issuer and maturity of the set of eligibléatidn-linked bonds were selected. For the
shorter maturities, synthetic bonds were also eceatith the same maturities used for
inflation-linked synthetic bonds. In order to maketh bond portfolios comparable, and
taking into account the issue discussed in poib4all cash flows (coupon and/or principal)
were converted from nominal cash flows to real célslvs by purging the inflation
component as explained in Annex 7.

As for the simulations carried, all the assumptionade before were kept. The only
difference concerned portfolio strategies; onlylétuportfolios were considered, since they
are the best strategy for single liability immuni@a. To keep in mind the assumptions, they

are once again expressed in the table below.

Table 14 : Fixed Rate Bonds’ simulations structure
No Transaction Costs With Transaction Costs
_Investment 13,45 13,45
Horizon (years)
Rebalancing Weekly Weekly and Monthly
Frequency
Immunization Duration-matching bullet Duration-matching bullet
Strategies portfolios portfolios
Fixed Rate Bond Real Approach without country Real Approach without country
Options spread correction spread correction

As for the simulation results, these are groupetivim sets of indicators (already defined in
the previous section): liability coverage and asstirns. For this purpose, the results will be
presented not on a stand alone basis but in cosgmawith the inflation-linked results for
bullet portfolios. The full table is in Annex 8.

0 Results without Transaction Costs

Table 15 presents the realized return rate andsput rate for each type of bond and

investment horizon.
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Table 15 : Inflation-linked bonds vs. fixed rate bonds (withou transaction costs)
Inflation-linked Fixed Rate
Panel A: One-year Immunization Period
Real spot rate 0,6990% 0,6990%
Realized Return Rate 0,6721% 0,9982%
Panel B: Three-year Immunization Period
Real spot rate 1,0280% 1,0280%
Realized Return Rate 1,0601% 1,0666%
Panel C: Four-year Immunization Period
Real spot rate 1,1728% 1,1728%
Realized Return Rate 1,1123% 1,1774%
Panel D: Five-year Immunization Period
Real spot rate 1,3047% 1,3047%
Realized Return Rate 1,3185% 1,2166%

Looking at the differences between both asset @, it seems that fixed rate bonds are
indeed a better asset to immunize real liabilite#sce those portfolios returns are higher than
the returns achieved with inflation-linked bondsvek though, the difference is only
significant in the one-year period, where the fixede bond portfolio outperforms the
inflation-linked bond portfolio by 22 b.p..

However, in terms of liability coverage, inflatidmked bond portfolios achieve superior
results. Analysing once again the”‘ZBercentiIe results, for all investment horizonss th
measure is higher for inflation-linked bonds. Fdtie tone-year investment horizon the
difference is very high: inflation-linked bonds eed fixed rate bonds in an astonishing 90
b.p. and this partially proves that the outperfaro@in terms of realized rate of return is
solely due to a riskier approach. For three, fout five-year horizons (respectively) inflation-
linked bonds’ portfolios’ 28 percentile exceed in 25 b.p., 52 b.p. and 12 the fixed rate
bond portfolios’ 28' percentile.

As for the liability coverage standard deviatiotisg picture is the same; inflation-linked
bonds have lower standard deviations for all inmestt horizons, proving to be a less risky
approach to single liability immunization than fikeate bonds. The standard deviations
observed for inflation-linked bond portfolios ardp. for one-year, 15 b.p. for three-year, 19
b.p. for four-year and 17 b.p. for five-year invaesht horizons. The standard deviations
observed for fixed rate bond portfolios are abduee to fifty four times higher (and the
higher difference between standard deviations isenked in the one-year investment
horizon). Hence it is proved that, in that cases High return is derived from a riskier
strategy.

Overall, the implied risk for fixed rate bonds golibs is very high and, although the returns

might also be higher, the returns achieved do ootpensate for the higher risk involved in
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these simulations. This way, the best immunizasivategy is achieved by constructing bullet
portfolios using inflation-linked bonds.

0 Results with Transaction Costs

Table 16 presents the realized return rate andsgi@ rate for weekly and monthly

rebalancing frequencies for each type of bond awestment horizon.

Table 16 : Inflation-linked bonds vs. fixed rate bonds (with tansaction costs)
Inflation-linked Fixed Rate
Weekly Monthly Weekly Monthly
Panel A: One-year Immunization Period
Real spot raté  0,6990% 0,6990% 0,6990% 0,6990%
Realized Return Rate 0,6671% 0,9337% 0,8975% 016%
Panel B: Three-year Immunization Period
Real spotrat¢  1,0280% 1,0280% 1,0280% 1,0280%
Realized Return Rate 1,0601% 1,0668%) 1,0499% 676%
Panel C: Four-year Immunization Period
Real spot rate 1,1728% 1,1728% 1,1728% 1,1728%
Realized Return Rate 1,2124% 1,1461%) 1,1189% 18Y%
Panel D: Five-year Immunization Period
Real spot rate 1,3047% 1,3047% 1,3047% 1,3047%
Realized Return Rate 1,2837% 1,3425%) 1,1959% 578%

In the presence of transaction costs, inflatiokdoh bond portfolios have higher returns than
fixed rate portfolios for the longer investment irons. Only in the one-year investment
horizon the fixed rate bonds achieve higher retuRegarding the rebalancing frequencies,
once again there is no evidence that higher resumétsachieved with monthly rebalancing.
Hence from this point forward only the weekly relyaling portfolios are considered for the
analysis.

As for liability coverage percentiles and standdaViations, previous results hold in the
presence of transaction costs. In terms of ligbiitverage, the d5percentile results point
for an outperformance of inflation-linked bonds&8/b.p. for one-year, 30 b.p for three-year,
100 b.p. for four-year and 29 b.p for five-yearaatment horizons; the only news here is that
the differences are higher, also something comgistéh a transaction costs scenario. As for
the liability coverage standard deviations, valokserved for inflation-linked bond portfolios
are 1 b.p. for one-year, 14 b.p. for three-year,b]®2 for four-year and 18 for five-year
investment horizons. The standard deviations olesefor fixed rate bond portfolios are also

higher, in about three to thirty nine times.
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One thing that occurs as expected with fixed rateds is that the realized returns are lower
with transaction costs in all cases, something tisakexpected and has already been
acknowledged by Agca (2005: 665). The differencesvben both approaches are still not
very high but recalling the bid-offer spreads présé for fixed rate bonds (Table 14), that
vary between 6 and 9 basis points, one can conthateghese values are consistent with the
differences between fixed rate bond portfoliosmeated with and without transaction costs.
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Chapter 5 — Conclusion

In order to access what is the best approach toumme a single liability in real terms,
simulations were made using inflation-linked bornalsd assuming a passive duration-
matching strategy. Several investment horizons wensidered; for each, bullet, barbell and
random strategies were simulated with and withcartdaction costs. The results presented
point to an outperformance of bullet portfolios oadl other portfolio strategies in terms of
liability coverage for all investment horizons. Jheso prove to be more consistent and less
volatile than the alternatives. The conclusions thee same, with and without transaction
costs. Notwithstanding, with transaction costseagsertfolios’ turnover decreases due to high
bid-offer spreads.

In terms of portfolio returns, barbell portfolioseasuperior for one-year and five-year
investment horizons. However, the objective of aspge immunization strategy is not to
achieve higher returns, but to ensure liability erage. Barbell strategies, although superior
in return, are riskier in terms of passive immuh@a implementation and do not ensure
liability coverage as well as bullet portfolios bese they are more volatile. As for random
portfolios, their structure evolves during the istreent horizons to a bullet structure, giving a
wider support to this strategy’s immunization siuqéy.

When compared to nominal fixed rate bonds immuiorgbrocedures, inflation-linked bonds
prove to be a better asset to immunize liabilitregt grow with inflation. Hence, even taking
into account that nominal fixed rate bonds havenaplicit inflation growth rate, given by
Fisher's Equation (3.14), they prove to produceati@ portfolios that do not immunize this
type of liability as well as inflation-linked bormbrtfolios do.

There are some setbacks to this study. One of ikewlated with the investment horizons
chosen. Normally immunization strategies are useshure that it is possible to cover future
liabilities in medium to long term investment hans. So, considering simulation for one-
year to five year-investment horizons seems vemytditive. However, for now, these are the
only investment horizons that can be consideretesthese bonds’ issuance is fairly new
and, consequently, the time horizon for which isgdole to collect data is small. Anyway, it
would be interesting to do this analysis for longeestment horizons, like seven-year or ten-
year horizons, when enough time as passed to do so.

The other setback is related with the liabilityusture and immunization strategy chosen. It is

also possible to do this study for multiple liatyilimmunization and for active or contingent
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immunization approaches. It could also be consalarduration and convexity immunization
approach, in order to adjust the asset portfoliosdifferent types of shifts in the term
structure of interest rates. One could also testhststic duration models with this type of
bonds.

Regarding geographic coverage, this study could bé&s done for other issuers and other
currencies, like the United States or the Unitedgdiom. The present study is only a gauge to

potential future research that could be done witlaiion-linked bonds.
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Annex 1 — European HICPx Index

The European HICPx Index is computed as a weigateslage of the individual euro area
countries’ HICP indices (that are computed as géomehain-weighted Laspeyres indices).
The weights are determined according to each cganshare of consumption expenditure
within the euro area as measured by the “housdim@timonetary consumption expenditure”
in national accounts data. The country weightseveewed yearly and applied in the January
inflation figures published in February. Countrjesiing the European Monetary Union are
also added to the index. The graphic below shoesritiex breakdown by major category.

Breakdown of Euro HICPx components

Misc. goods & Food and
Restaurants & services Beverages
hotels 8.5% 17.5%
9.4%
Education
1% _"\ Clothing &
_ _— footwear
Recreation & 7.1%

Housing, water,
- electricity, gas &
other fuels
15.9%

culture
9.7%
Communications
3.2%
Transport

o Furnishings, household
16.2%  Health 4.2% equipment & routine
house maintenance 7.5%

Source: Eurostat (taken from Bettiss, James anteé8p@008: 45)

The index rebasing process affects both referemdexi and Index Ratio calculus that have
been done with the old base index, since they be#d to be converted with a reference key.

The conversion is done as follows:

P newbase

RK = (A1.1)

Pold base

| ?ewbase — | ?Id base>< RK |:| IRnewbase IRoId base>< RK |:| ] — t,base

where: RK = reference key
IR] = Index Ratio in day
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lj =reference index for day
Pom = value of the price index in the rebasing mon ff'" "2%andp°d as§
t = any valuation date (in this case prior to theasghg month)

base= bond’s first interest accrual day

The last time this index was rebased was in JarR@0¢ (base year 2005).
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Annex 2 — Capital Interest Bonddormulae

1. Index Ratio calculation
For both valuation and settlement purposes thexii#io is computed as follows:

5= Pm_3), j =t,base (A2.1)

m-

R = ¢, :Pm_3+%><(P
base m
where: IR; = Index Ratio in day
I = reference index for day
Irase= reference index for the first interest accrua} d
Pms = value of the price index at tinme-3 months
Pm2 = value of the price index at tinme2 months
M = number of days in month
t = day of the montm when settlement occurs
m = month on which settlement takes place

base= bond’s first interest accrual day

The formula shown here is for an Index Ratio with iadexation lag of 3 months.
However, other indexation lags can be consideredutygtituting variableBm,.3 and P2
with the values for the indexation lag require@, if the indexation lag wanted is 8

months then the price indices to considerRygandPy,.».

2. Interest payment calculation

The nominal interest payment in euros is compuseshawn below.

C =1—ECXEXIR1><FV (A2.2)
where: C; = interest payment in dday€)
r = annual real coupon rate (%)
¢ = number of coupons the bond pggs year
IR: = Index Ratio in day
FV = face value of the bond (€)
t = day of the interest payment
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The real interest payment in euros is computed swralar way, but does not include the
Index Ratio.
C =L x"xpy (A2.3)
10C c
3. Principal payment calculation
Calculation of the principal’s value to be redeeraethaturity is done as shown below

Without Deflation Floor :  Principal = FV X IR; (A2.4)
With Deflation Floor : Principal = FV x max{IRT ,]} (A2.5)
where: FV = face value of the bond (€)

IRr = Index Ratio in maturity day

4. Settlement price calculation
Settlement price calculation is more complex than rfominal fixed rate bonds, since it
implies adjusting for inflation both clean pricedareal accrued interest. The formulas are

presented beneath.

NQ =1Q, +IAI, : (A2.6)
1IQ, = RQ xIR, (A2.7)
f : n
RQ:( 1 ijuri( 1 jj+100( ! j ~RAI (A2.8)
t 1+ Yr .i:l 1+ Yr . 1+ Yr t .
RAI =1 x (d; f) (A2.9)
Al = RAI X IR, (A2.10)
where: NQ = nominal price per €100 face value for day

IQ: = inflation adjusted price for day

IAl; = inflation adjusted accrued interest for day

RQ = real price for day

IR; = Index Ratio in day

Y= = annual real spot rate

f = number of days from the settlement date to g mterest payment date
d = number of days in the regular annual coupon deeieding on the next
interest payment date

r = annual real coupon rate (%)
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n = number of full annual coupon periods betweenribet interest payment
date and the maturity date

RAL = real accrued interest for day
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Annex 3 — Nominal duration calculation for inflation-linked bonds

Recalling the Fisher-Weil duration concept, thd ceaation of an inflation-linked bond can

be computed as follows:

Srw e yp 100
N o+ yelor ) [L+ya(07,)" | (A3.1)
B(0)
where B(0)=> e 100 (A3.2)

Bl yilor T e valn T

The relationship between nominal interest rates raadl interest rates is given by Fisher’s
equation:
(L+yy) =L+ ye)x(L+7) (A3.3)

whereyr stands for real annual spot ragg,stands for nominal annual spot rate ang the
year-on-yearactual inflation rate. In order to transform theration formula (A3.1) it is
necessary to adjust both numerator and denomimatdr The denominator adjustment is
straightforward: to obtain the nominal spot intemaseyy it is only necessary to multiply the
real spot interest ratg by theyear-on-yearinflation 77by applying Fisher's Equation. The
numerator adjustment is, however, more complicated.

As illustrated in section 2 of Annex 2, the nomimdérest rate calculation for inflation-linked
bonds requires the annual real coupon rate atttitméoe adjusted for inflation. This is done
by multiplying it by the Index Ratio (IR) at tinte The main issue here is that, in order to be
able to compute theffective durationt is necessary to estimate the future Index Ratine
way to do so is by assuming that futyear-on-yeatinflation will be equal to the most recent
data on presentear-on-yeairinflation, under the hypothesis that future infhatiwill not be
much different than present inflation due to contnechanisms placed by the central banks.
This way, the Index Ratio fdr+ f can be calculated as shown below:

IR, = IR x(1+ n)(“f‘% (A3.4)

wheref is the number of days from the settlement datbémext interest payment date ahd
is the number of days in the regular coupon peeioding on the next interest payment date
accordingly to market convention ACT/ACT. By usitige formula above it is possible to

compute the nominal annual coupon rate for allrfuwoupons as well as the nominal future
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principal redemption value. To do so it is only @eegary to apply formula 3.1 and 3.3 using
the future Index Ratios. Hence, the nominal fupagments can be computed as below:

CouponPayments C, =T IR, : j=t+f.,..n (A3.5)
c
Principal PaymentsFV, = max{ 1,1x IR } (A3.6)

This way, the formula that should be applied to pate theeffective duratiorof an inflation-
linked bond is as follows:

Zn: T X Cj —+ 7, X At
~ "] T n n
DEW = j=1 ll+ Yn (O,Tj )J [1+ Yn (O’Tn )] ’ (A3.7)
B(0)
n C. FVv
where B(0)=> N ST '
©) Ay oo ey 07, ) 43
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Annex 4 — Long Term Issuer Rating Definitions

Below is a summary of the long term issuer ratiafinitions according to each rating agency
mentioned.

1. Standard & Poor’s

1.1. AAA —An obligor rated ‘AAA’ has extremely strong capgdid meet its financial
commitments. ‘AAA’ is the highest issuer creditingt assigned by Standard &
Poor’s.

1.2. AA - An obligor rated ‘AA’ has very strong capacity toeet its financial
commitments. It differs from the highest-rated gbts only to a small degree.

1.3. A — An obligor rated ‘A’ has strong capacity to més financial commitments
but is somewhat more susceptible to the adversectsffof changes in
circumstances and economic conditions than obligohsgher-rated categories.

Standard and Poor’s may append symbols “+” ord-e&ch rating classification.

2. Moody’s
2.1. Aaa- Obligations rated Aaa are judged to be of the ésglguality, with minimal
credit risk.

2.2. Aa - Obligations rated Aa are judged to be of high iquaind are subject to very
low credit risk.

2.3. A — Obligations rated A are considered upper-mediuadgrand are subject to
low credit risk.

Moody’s appends numerical modifiers 1, 2, and 8aoh generic rating classification.

3. Fitch Ratings
3.1. AAA: Highest credit quality — ‘AAA’ ratings denote the lowest expectation of
default risk. They are assigned only in cases aeptionally strong capacity for
payment of financial commitments. This capacity highly unlikely to be
adversely affected by foreseeable events
3.2.  AA: Very high credit quality — ‘AA’ ratings denote expectations of very low
default risk. They indicate very strong capacityr fpayment of financial

commitments. This capacity is not significantly merlable to foreseeable events.
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3.3.  A: High credit quality — ‘A’ ratings denote expectations of low defaustkti The
capacity for payment of financial commitments isisidered strong. This capacity
may, nevertheless, be more vulnerable to advers@dsas or economic conditions

than is the case for higher ratings.

The modifiers “+” or “-” may be appended to a rgtito denote relative status within major
rating categories.
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Annex 5 — Inflation-linked bonds’ immunization resuts without
transaction costs

Table A.1: Inflation-linked bonds’ immunization results without transaction costs

This table is divided in four panels, one for eamhestment horizon. The indicators presented avield in
three categories. Liability coverage category @igplthe level of coverage at maturity, mean covetagel, the
75" and 28" percentile, the standard deviation and the ligbitoverage deficit, i.e. the percentage of
simulations where the present value of the ligbiikceeded the present value of the asset portfAkset
Portfolio Returns displays the spot rate and thef@@’s realized return rate, mean return rate atandard
deviation. For random portfolios, asset portfol@mposition and variation is also presented. Thepmsition is
divided by buckets and the variation shows if aaierbucket’s investment was increasing (positiaéugs) or
decreasing (negative values) during the investrerizon considered.

Panel A: One-year Immunization Period

random bullet barbell
N° Simulations 53 53 53
Liability Coverage
At maturity 99,9432% 99,9746% 101,6080%
Mean Coverage 99,9718% 99,9963% 100,6076%
75" percentile 100,0080% 100,0055% 101,7552%
25" percentile 99,9456% 99,9858% 99,5409%
Standard Deviation 0,0337% 0,0106% 1,1055%
Liability Coverage Deficit 64,1509% 58,4906% 37,7358%
Asset Portfolio Returns
(annualized)
1-year spot rate 0,6990% 0,6990% 0,6990%
Realized Return Rate 0,6405% 0,6721% 2,3170%
Mean Return Rate 0,6409% 0,6726% 2,3368%
Standard Deviation 0,3079% 0,3228% 1,9864%
Asset Portfolio Composition
(mean duration bucketing)
>1 year 96,74%
1-3 years 0%
3-7 years 3,25%
7-10 years 0%
10-15 years 0%
15-20 years 0%
<25 years 0%
Asset Portfolio Variation (by
bucket)
>1 year 99,82%
1-3 years 0%
3-7 years -28,69%
7-10 years -15,86%
10-15 years -7,61%
15-20 years -10,12%
<25 years 0,00%
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Table A.1 : continued

Panel B: Three-year Immunization Period

random bullet barbell
N° Simulations 157 157 157
Liability Coverage

100,0908% 100,1080% 99,4702%

At maturity

Mean Coverage

100,0554%

100,0967%

100,3516%

75" percentile

100,2004%

100,2004%

100,9488%

25" percentile 99,9062% 100,0527% 99,8742%
Standard Deviation 0,1568% 0,1479% 0,7859%
Liability Coverage Deficit 33,1210% 19,1083% 40,1274%
Asset Portfolio Returns
(annualized)
3-year spot rate 1,0280% 1,0280% 1,0280%
Realized Return Rate 1,0543% 1,0601% 0,8450%
Mean Return Rate 1,0574% 1,0669% 0,8714%
Standard Deviation 0,7873% 1,1683% 2,2953%
Asset Portfolio Composition
(mean duration bucketing)
>1 year 94,58%
1-3 years 3,53%
3-7 years 0,96%
7-10 years 0%
10-15 years 0%
15-20 years 0%
<25 years 0,77%
Asset Portfolio Variation (by
bucket)
>1 year 478,28%
1-3 years -58,03%
3-7 years -17,32%
7-10 years -10,20%
10-15 years -9,08%
15-20 years -21,47%
<25 years -21,04%
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Table A.1 : continued

Panel C: Four-year Immunization Period

random bullet barbell
N° Simulations 209 209 209
Liability Coverage
At maturity 99,9680% 99,7752% 100,6192%
Mean Coverage 100,0788% 99,9824% 99,7982%
75" percentile 100,2004% 100,1400% 100,1842%
25" percentile 99,9715% 99,8004% 99,6703%
Standard Deviation 0,1639% 0,1853% 0,5786%
Liability Coverage Deficit 32,0574% 59,3301% 60,7656%
Asset Portfolio Returns
(annualized)
4-year spot rate 1,1728% 1,1728% 1,1728%
Realized Return Rate 1,1611% 1,1123% 1,3255%
Mean Return Rate 1,1677% 1,1235% 1,3586%
Standard Deviation 1,1418% 1,4893% 2,3016%
Asset Portfolio Composition
(mean duration bucketing)
>1 year 89,84%
1-3 years 7,73%
3-7 years 0,34%
7-10 years 0,53%
10-15 years 0%
15-20 years 0%
<25 years 1,31%
Asset Portfolio Variation (by
bucket)
>1 year 408,70%
1-3 years -129,67%
3-7 years -6,68%
7-10 years -10,90%
10-15 years -2,71%
15-20 years -24,25%
<25 years -0,54%
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Table A.1 : continued

Panel D: Five-year Immunization Period

random

bullet

barbell

N° Simulations

261

261

261

Liability Coverage

At maturity

100,0387%

100,0776%

104,7468%

Mean Coverage

100,0471%

100,0463%

100,8334%

75" percentile

100,1963%

100,1925%

101,6518%

25" percentile 99,9411% 99,9207% 99,9297%
Standard Deviation 0,1463% 0,1653% 1,3197%
Liability Coverage Deficit 36,7816% 32,9502% 29,8851%
Asset Portfolio Returns
(annualized)
5-year spot rate 1,3047% 1,3047% 1,3047%
Realized Return Rate 1,3106% 1,3185% 2,2467%
Mean Return Rate 1,3226% 1,3342% 2,3274%
Standard Deviation 1,5445% 1,7677% 3,9758%
Asset Portfolio Composition
(mean duration bucketing)
>1 year 85,22%
1-3 years 8,50%
3-7 years 4,16%
7-10 years 0,95%
10-15 years 0,60%
15-20 years 0%
<25 years 0,48%
Asset Portfolio Variation (by
bucket)
>1 year 389,57%
1-3 years 1,79%
3-7 years -7,11%
7-10 years -7,15%
10-15 years -15,93%
15-20 years -1,86%
<25 years -0,72%
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Annex 6 — Inflation-linked bonds’ immunization resuts with
transaction costs

Table A.2 : Inflation-linked bonds’ immunization results with t ransaction costs

This table is divided in four panels, one for eamhestment horizon. The indicators presented avield in
three categories. Liability coverage category @igplthe level of coverage at maturity, mean covetagel, the

75" and 28 percentile, the standard deviation and the ligbiioverage deficit, i.e. the percentage of

simulations where the present value of the liabiikceeded the present value of the asset portfdkset
Portfolio Returns displays the spot rate and thefg@’s realized return rate, mean return ratel atandard
deviation. For random portfolios, asset portfol@mposition and variation is also presented. Thepmsition is
divided by buckets and the variation shows if aaierbucket’s investment was increasing (positiaéugs) or
decreasing (negative values) during the investrhenizon considered. Results are presented for tvettkly
and monthly rebalancing periods.

Panel A: One-year immunization Period

random bullet barbell
weekly monthly weekly monthly weekly monthly
N° Simulations 53 14 53 14 53 14
Liability Coverage
At maturity 100.1171% 100.0695% 99.9696% 100.2344% 101.6078% 101.6078%
Mean Coverage 100.0649% 100.0466% 99.9935% 100.1267% 100.6075% 100.5884%
75" percentile 100.1309% 100.0834% 100.0055% 100.2506% 101.7550% 101.5301%
25" percentile 100.0277%  100.0036% 99.9801% 100.0000% 99.5409% 99.2547%
Standard Deviation 0.0807% 0.0397% 0.0131% 0.1261% 1.1054% 1.0993%
D'e‘]!i"z‘:?t"'ty Coverage 11.3208%  7.1429% 60.3774%  7.1429% 37.7358% 35.7143%
Asset Portfolio Returns
(annualized)
1-year spot rate 0.6990% 0.6990% 0.6990% 0.6990% 0.6990%  0.6990%
Realized Return Rate 0.8157% 0.7677% 0.6671% 0.9337% 2.3168% 2.3168%
Mean Return Rate 0.8166% 0.7093% 0.6676% 0.8629% 2.3366% 2.1572%
Standard Deviation 0.4470% 0.4108% 0.3216% 0.5290% 1.9863% 2.0877%
Asset Portfolio
Composition (mean
duration bucketing)
>1 year 96.87% 96.89%
1-3 years 0% 0%
3-7 years 3.12% 3.10%
7-10 years 0% 0%
10-15 years 0% 0%
15-20 years 0% 0%
<25 years 0.00% 0.00%
Asset Portfolio Variation
(by bucket)
>1 year 99.86% 99.79%
1-3 years 0% 0%
3-7 years -28.69% -28.68%
7-10 years -15.86% -15.86%
10-15 years -7.61% -7.61%
15-20 years -10.12% -10.12%
<25 years 0% 0%
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Table A.2 : continued

Panel B: Three-year immunization Period

random bullet barbell
weekly monthly weekly monthly weekly monthly
N° Simulations 157 40 157 40 157 40
Liability Coverage
100,1489% 100,1492% 100,1342% 100,1279% 101,1160% 98,8166%

At maturity

Mean Coverage 100,1047% 100,1729% 100,1051% 100,0948% 100,7182% 100,0958%
75" percentile 100,2004% 100,2005% 100,2004% 100,1881% 101,3866% 100,6943%
25" percentile 100,0405% 100,0328% 100,1002% 100,0694% 99,9471% 99,4106%
Standard Deviation 0,1335% 0,4970% 0,1401% 0,1416% 0,7827% 0,8767%
D'e‘]!i"z‘:?t"'ty Coverage 19,1083%  17,50009 12,7389%  10,000094 29,2994% 55,0000%
Asset Portfolio Returns
(annualized)
3-year spot rate 1,0280% 1,0280% 1,0280% 1,0280% 1,0280% 1,0280%
Realized Return Rate 1,0738% 1,0601% 1,0601% 1,0668% 1,3982% 0,6236%
Mean Return Rate 1,0768% 1,0216% 1,0755% 0,9910% 1,4173% 0,5911%
Standard Deviation 0,7661% 2,5133% 1,1428% 1,1703% 1,9526% 1,7799%
Asset Portfolio
Composition (mean
duration bucketing)
>1 year 90,08% 93,44%
1-3 years 7,42% 4,43%
3-7 years 1,61% 1,10%
7-10 years 0% 0%
10-15 years 0% 0%
15-20 years 0% 0%
<25 years 0,70% 0,93%
Asset Portfolio Variation
(by bucket)
>1 year 377,25% 406,79%
1-3 years -26,23% -123,96%
3-7 years -8,15% -8,16%
7-10 years -7,60% -7,60%
10-15 years -7,61% -7,62%
15-20 years -9,24% -10,27%
<25 years -0,47% -0,30%
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Table A.2 : continued
Panel C: Four-year immunization Period
random bullet barbell
weekly monthly weekly monthly weekly monthly

N° Simulations 209 53 209 53 209 53
Liability Coverage

At maturity 100,0824% 99,7741% 100,1709% 99,9085% 100,3491% 101,2325%

Mean Coverage 100,1106% 100,0511% 100,1202% 100,0898% 99,6576% 100,1010%

75" percentile 100,2004% 100,2004% 100,2252% 100,2046% 100,0800% 100,3972%

25" percentile 100,0312% 99,8520% 100,0219% 99,9598% 99,4243% 99,7511%

Standard Deviation 0,1410% 0,1722% 0,1218% 0,1338% 0,6341% 0,5217%
D'e‘]!i"z‘:?t"'ty Coverage 22,4880% 35,8491% 18,1818% 32,0755% 69,3780% 47,1698%
Asset Portfolio Returns
(annualized)

4-year spot rate 1,1728% 1,1728% 1,1728%  1,1728% 1,1728% 1,1728%

Realized Return Rate 1,1901% 1,1120% 1,2124%  1,1461% 1,2574% 1,4795%

Mean Return Rate 1,1964% 1,0317% 1,2247%  1,0665% 1,5196% 1,3779%

Standard Deviation 1,1239% 1,0675% 1,5615%  1,3544% 2,3084% 1,6171%
Asset Portfolio
Composition (mean
duration bucketing)

>1 year 88,04% 89,94%

1-3 years 9,72% 7,68%

3-7 years 0,88% 0,91%

7-10 years 0% 0%

10-15 years 0% 0%

15-20 years 0% 0%

<25 years 0,54% 0,51%
Asset Portfolio Variation
(by bucket)

>1 year 393,21%  381,78%

1-3 years -95,74%  -87,49%

3-7 years -8,13%  -21,78%

7-10 years -7,38% -7,34%

10-15 years -1,48% -1,52%

15-20 years -2,88% -3,30%

<25 years 2,31% -0,78%
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Table A.2 : continued
Panel D: Five-year immunization Period
random bullet barbell
weekly monthly weekly monthly weekly monthly

N° Simulations 261 66 261 66 261 66
Liability Coverage

At maturity 99,8425% 99,7373% 99,9060% 100,1961% 104,0255% 102,4162%

Mean Coverage 100,0453% 99,9487% 100,1110% 100,0725% 100,5967% 100,0286%

75" percentile 100,2506% 100,1925% 100,2497% 100,2492% 100,9634% 100,2510%

25" percentile 99,8617% 99,7507% 99,9920% 99,92369%1 99,8925% 99,7507%

Standard Deviation 0,2101% 0,2352% 0,1844% 0,1885% 1,0167% 0,6967%
D'e‘]!i"z‘:?t"'ty Coverage 44,8276% 64,0625% 24,9042% 36,3636% 29,1188% 43,9394%
Asset Portfolio Returns
(annualized)

5-year spot rate 1,3047% 1,3047% 1,3047% 1,3047% 1,3047% 1,3047%

Realized Return Rate 1,2708% 1,2495% 1,2837%  1,3425% 2,1055% 1,7876%

Mean Return Rate 1,2802%  1,1999% 1,3027%  1,2489% 2,1613% 1,6880%

Standard Deviation 1,3675% 1,4412% 1,9405%  1,4402% 3,3133% 2,7979%
Asset Portfolio
Composition (mean
duration bucketing)

>1 year 81,04% 76,45%

1-3 years 13,96% 17,23%

3-7 years 1,65% 3,77%

7-10 years 1,46% 1,05%

10-15 years 0,67% 0,75%

15-20 years 0% 0%

<25 years 1,09% 0,73%
Asset Portfolio Variation
(by bucket)

>1 year 383,43% 267,13%

1-3 years 53,12% 45,58%

3-7 years -7,79% -7,10%

7-10 years -7,37% -7,46%

10-15 years -16,08%  -16,34%

15-20 years -1,66% -1,77%

<25 years -0,20% -0,54%
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Annex 7 — Fixed Rate Bonds disinflation process

First of all, we recall the computation of the Irdeatio for inflation-linked bonds. For both

valuation and settlement purposes the Index Rattoimputed as follows:

-P,,), j =t,base (A7.1)

m-2

IR TR |, =P, +%x(P
base m
where: IR; = Index Ratio in day
I = reference index for day
Irase= reference index for the first interest accrua} d
Pms = value of the price index at tinme-3 months
Pm2 = value of the price index at tinme2 months
Mm = number of days in month
t = day of the montmwhen settlement occurs
m = month on which settlement takes place

base= bond’s first interest accrual day

For fixed rate bonds the interest payment is coegpiut nominal terms, as shown below.

ch =1 xlxpy (A7.2)
10C c
where: C™, = nominal interest payment in dag€)

I = annual nominal coupon rate (%)

¢ = number of coupons the bond pg@gs year
FV = face value of the bond (€)

t = day of the interest payment

To convert the coupon to real terms what need tddme is to divide the nominal coupon by

the Index Ratio estimated for dgyas shown below.

ixix FV
c =100 c (A7.3)

t IRt
The same can be applied to principal payment caiouml. Bear in mind that, for inflation-

linked bonds there is a deflation floor in ordeptevent the real principal erosion if deflation
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occurs during the life of the bond. This is alsketainto account in this process. Hence, the
real principal payment will always be less or equal00% of the bonds’ face value. It will
never be allowed to be more than 100% since thigtamcurs if the Index Ratio drops below

one. Disinflation of the principal’s value to beleemed at maturity is done as shown below

Without Deflation Floor :  Principal = % (A7.4)
T
With Deflation Floor : Principal = FV x min{ ”i ,1} (A7.5)
T
where: FV = face value of the bond (€)

IRr = Index Ratio in maturity day

After doing these adjustments the bond’s fair vdBi®)) and duration@FW) are computed
taking into account the real cash flows and assgntivat future inflation will equal the
presentyear-on-yearinflation. This way, future Index Ratios were m@cied and future real

cash flows were estimated. The formulas used aendielow:

i T X C/mo — 4T X V00 min{%RT J}
ory ot ryelor ) ey (or, ) (A7.6)
B(0) |
n CJ [
where B(0)= oo + oo mm{% ~ l} (A7.7)

Bl yalor T e valor, )l

For synthetic fixed rate bonds the formulae usedinsilar. The prices and duration were
estimated as for the inflation-linked bonds, alwagsuming that future inflation will be equal
to presentyear-on-yearinflation. The expression for the principal, duvatand fair value

calculation for the synthetic bonds is detailedemeéath.

o 1
Principal =100x mins —,1
p {IR } (A7.8)

T

DFW =T, (A7.9)

8(0) = 100x min{ Fr ;I}

= - A7.10
[L+ye(07, )] (A7.19)
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In order to estimate the transaction costs scentugobid-offer spread$¢9 were computed,
in cents, for each bond, and then the bond’s falues were adjusted in order to reflect

market conditions. The formulas for the spread, grides Pyig) and offer pricesRoser) are

beneath:
boS=P,,-B, (A7.11)
I:)bid = B(O) - b%s u Poffer = B(O) + b%s (A712)

This adjustment was made for both real and syrtlietd rate bonds.
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Annex 8 — Bullet strategy comparison: Inflation-lirked bonds vs. fixed rate bonds

Table A.3: Bullet Strategy Comparison: Inflation-linked bondsvs. fixed rate bonds

This table is divided in four panels, one for eaolestment horizon. The indicators presented arelell in two categories. Liability coverage catggdisplays the level of
coverage at maturity, mean coverage level, tHat&l 2%' percentile, the standard deviation and the ligbidbverage deficit, i.e. the percentage of siniitet where the
present value of the liability exceeded the presahte of the asset portfolio. Asset Portfolio Retudisplays the spot rate and the portfolio’sizeal return rate, mean return
rate and standard deviation. When accounting &mstction costs, both weekly and monthly rebal@nperiods are presented.

Panel A: One-year immunization Period

Without Transaction Costs With Transaction Costs
Inflation-linked Fixed Rate Inflation-linked Fixed Rate
weekly weekly weekly monthly weekly monthly
N° Simulations 53 53 53 14 53 14
Liability Coverage
At maturity 99,9746% 100,2984% 99,9696%  100,2344%  100,1984% 100,2025%
Mean Coverage 99,9963% 99,6495% 99,9935%  100,1267% 99,5970% 99,5695%
75" percentile 100,0055% 100,0045%  100,0055%  100,2506% 99,9257% 99,9644%
25" percentile 99,9858% 99,0900% 99,9801%  100,0000% 99,0900% 99,0900%
Standard Deviation 0,0106% 0,5465% 0,0131% 0,1261% 0,5143% 0,5173%
Liability Coverage Deficit 58,4906% 71,6981% 60,3774% 7,1429% 83,0189% 85,7143%
Asset Portfolio Returns (annualized)
1-year spot rate 0,6990% 0,6990% 0,6990% 0,6990% 0,6990% 0,6990%
Realized Return Rate 0,6721% 0,9982% 0,6671% 0,9337% 0,8975% 0,9016%
Mean Return Rate 0,6726% 1,0049% 0,6676% 0,8629% 0,9033% 0,8403%
Standard Deviation 0,3228% 1,1717% 0,3216% 0,5290% 1,0888% 1,3398%
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Table A.3 : continued

Panel B: Three-year immunization Period

Without Transaction Costs With Transaction Costs
Inflation-linked Fixed Rate Inflation-linked Fixed Rate
weekly weekly weekly monthly weekly monthly
N° Simulations 157 157 157 40 157 40
Liability Coverage
At maturity 100,1080% 100,1273%  100,1342%  100,1279% 100,0778% 100,1305%
Mean Coverage 100,0967% 99,9437%  100,1051%  100,0948% 99,8578% 99,7976%
75" percentile 100,2004% 100,2004%  100,2004%  100,1881%  100,2004% 100,1305%
25"percentile 100,0527% 99,8007%  100,1002%  100,0694% 99,8010% 99,7013%
Standard Deviation 0,1479% 0,4296% 0,1401% 0,1416% 0,4676% 0,5973%
Liability Coverage Deficit 19,1083% 47,1338% 12,7389% 10,0000% 55,4140% 65,0000%
Asset Portfolio Returns (annualized)
3-year spot rate 1,0280% 1,0280% 1,0280% 1,0280% 1,0280% 1,0280%
Realized Return Rate 1,0601% 1,0666% 1,0601% 1,0668% 1,0499% 1,0676%
Mean Return Rate 1,0669% 1,0822% 1,0755% 0,9910% 1,0743% 1,0102%
Standard Deviation 1,1683% 1,7648% 1,1428% 1,1703% 2,2125% 2,2690%
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Table A.3 : continued

Panel C: Four-year immunization Period

Without Transaction Costs

With Transaction Costs

Inflation-linked Fixed Rate Inflation-linked Fixed Rate
weekly weekly weekly monthly weekly monthly

N° Simulations 209 209 209 53 209 53
Liability Coverage

At maturity 99,7752% 100,0324%  100,1709% 99,9085% 99,8011% 99,8004%

Mean Coverage 99,9824% 99,6265%  100,1202%  100,0898% 99,5213% 99,4475%

75" percentile 100,1400% 100,1267%  100,2252%  100,2046%  100,0706% 100,0859%

25" percentile 99,8004% 99,2800%  100,0219% 99,9598% 99,0248% 98,8347%

Standard Deviation 0,1853% 0,7493% 0,1218% 0,1338% 0,7952% 0,9066%

Liability Coverage Deficit 59,3301% 63,1579% 18,1818% 32,0755% 67,9426% 67,9245%
Asset Portfolio Returns (annualized)

4-year spot rate 1,1728% 1,1728% 1,1728% 1,1728% 1,1728% 1,1728%

Realized Return Rate 1,1123% 1,1774% 1,2124% 1,1461% 1,1189% 1,1187%

Mean Return Rate 1,1235% 1,2075% 1,2247% 1,0665% 1,1520% 1,0665%

Standard Deviation 1,4893% 2,4447% 1,5615% 1,3544% 2,5667% 2,5667%
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Table A.3 : continued

Panel D: Five-year immunization Period

Without Transaction Costs With Transaction Costs
Inflation-linked Fixed Rate Inflation-linked Fixed Rate
weekly weekly weekly monthly weekly monthly
N° Simulations 261 261 261 66 261 66
Liability Coverage
At maturity 100,0776% 99,5753% 99,9060%  100,1961% 99,4738% 99,7759%
Mean Coverage 100,0463% 99,6036% 100,1110%  100,0725% 99,5349% 99,4896%
75" percentile 100,1925% 100,1027%  100,2497%  100,2492%  100,0087% 100,1319%
25" percentile 99,9207% 99,8004% 99,9920% 99,9236% 99,7007% 99,0482%
Standard Deviation 0,1653% 0,8928%) 0,1844% 0,1885% 0,8708% 0,9194%
Liability Coverage Deficit 32,9502% 61,3027% 24,9042% 36,3636% 73,5632% 68,1818%
Asset Portfolio Returns (annualized)
5-year spot rate 1,3047% 1,3047% 1,3047% 1,3047% 1,3047% 1,3047%
Realized Return Rate 1,3185% 1,2166% 1,2837% 1,3425% 1,1959% 1,2573%
Mean Return Rate 1,3342% 1,2558% 1,3027% 1,2489% 1,2372% 1,1876%
Standard Deviation 1,7677% 2,6190% 1,9405% 1,4402% 2,6953% 2,3562%
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