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Abstract

Using daily data stemming from inflation-indexed rkets, we analyse the effects of numerous
macroeconomic surprises inflation compensation data — the sum of inflatexpectations, risk and
liquidity premia — in the euro area between 2 Jan2®04 and 31 December 2007. Our results
suggest that when gauging short and medium-terfatioli compensations, market operators are
sensitive to surpriseglated to real activity and prices. Interestinglyy futures prices tend to impact
at some point on the short- and medium-ends ofrtifegion compensation curve. Notwithstanding,
long-term inflation compensations remain generallyesponsive to macroeconomic surprises,
attesting the high ECB’s credibility.

Keywords: inflation compensation, macroeconomic surpriggpEystem.
JEL Classification: E31, E44, E58.

Résumé

A partir de données journaliéres extraites des ngsrindexés sur l'inflation de la zone euro pour la
période 2 janvier 2004 - 31 décembre 2007, noudiagna l'incidence d’'un ensemble large de

surprises macroéconomiques sur les compensatiomgladon — sommes des anticipations

d'inflation et des primes de risque et de liquidité différentes maturités. Nos résultats mettant e
évidence un effet significatif a court et moyenrtes des surprises liées a l'activité réelle etpaixx

En outre, les prix futurs du pétrole présenteninypact significatif sur les compensations d’infeti

de court et moyen termes. Enfin, les compensatiinflation de maturités longues réagissent peu
aux surprises, ce qui atteste leur ancrage solideharizons de long terme, reflétant la crédibilité

élevée de la BCE.

Mots-clés: compensation d'inflation, surprises macroécormpes, Eurosysteme.
Codes JEL: E31, E44, E58.



Non Technical Summary

This paper examines the effects of humerous maonoeaic surprisesn inflation compensations
data — the sum of inflation expectations, risk hadidity premia — extracted from inflation-indexed
markets in the euro area. The sample spans thedpeetween 2 January 2004 and 31 December
2007. Given the presence of risk premia, inflatmmpensations can only be considered as an

approximation of inflation expectations.

Inflation compensation measures in the euro areaestracted both from the inflation-linked swap
market and the inflation-indexed bond market. Tfeeee we use daily data of break-even rates (i.e.
the spread between yields on nominal and real Hamasse bonds matures in 2012, 2015 and 2032
and the implied forward inflation rates one-yeamfard one to ten years ahead, five-years forward
five years ahead and ten-years forward ten yeaadchbmbedded in inflation-linked swap data. The
“surprise” is defined as the difference betweendtiagistics outturn and the median forecast redorte
in the regular Bloomberg survey of market partioiga These surprises amdated to real activity,
forward-looking indicators, prices, money and labmarket data for the whole euro area, Germany,
France, Italy and the United States. The estimagpi@tedure implements econometrics methods

stemming from GARCH financial methodology.

The main results are the following:

- First, it turns out that for maturities betweenntl 4.0 years, market operators are sensitive to
surprisegelated to real activity and prices. Besides, wgilifes prices tend to impact on the
short- and medium-ends of the inflation compensaticurve. This effect prove to be time-

varying; in particular, it increases significandliythe end of the sample ;

- Second, long-term inflation compensations remairegaly unresponsive to macroeconomic
surprises, attesting an anchoring of long-termatidh compensations consistent with the

definition of price stability and thus suggestihg high ECB’s credibility.



Résumé non technique

Ce papier vise a étudier I'incidence d’'un ensentddige de surprisemacroéconomiques — a savoir
les composantes non anticipées des publicationsoétiques — sur la courbe des compensations
d’inflation dans la zone euro au cours de la p&iddanvier 2004 — 31 décembre 2007. Etant donné
la présence de primes (risques inflationniste efcigdité) incluses dans ces mesures extraites des
marchés indexés, nous ne pouvons considérer lepearmations dinflation que comme une

approximation des anticipations d’inflation.

Les données de compensations d'inflation extraikes marchés se composent des points morts
d’inflation d’échéances 2012, 2015 et 2032 aing des tauforward 1 an dans respectivement 1 an
a9 ans, 5 ans dans 5 ans et 10 ans dans 10 asmslismarché desvaps indexés sur l'inflation. Les
surprises macroéconomiques sont calculées comuiédeence entre les publications économiques
d'une part et la médiane des anticipations isswed’ehquéte de Bloomberg sur un panel de
professionnels d’autre part. Ces surprises pogent’activité réelle, les prix, les salaires, I'piwi,

et la monnaie, pour la zone euro dans son enselifllemagne, la France, I'ltalie et les Etats-Unis
L’estimation met en ceuvre des méthodes économégidggsues de la famille de modélisation
financiere GARCH.

Les principaux résultats sont les suivants :

- en premier lieu, il apparait, pour les maturitémposes entre 1 et 10 ans, une incidence
significative aux surprises concernant l'activiéélle et les prix. En outre, les variations des
futures sur prix du pétrole ressortent de maniere sigatifre pour des horizons de court et
moyen termes. Cet effet est variable au cours dupseet a augmenté sur la fin de

I’échantillon ;

- en second lieu, les maturités longues réagissantapr surprises. Ces résultats suggerent
que, du point de vue des opérateurs de marchécdegensations d'inflation sur ces
horizons sont bien ancrées a des niveaux compativiec la stabilité des prix, reflétant une

crédibilité élevée de la BCE.



1. Introduction

As rational economic agents perform in a way thaineally considers the future economic outlook,
inflation expectations play a crucial role in maronomic developments. Hence, the European
Central Bank (ECB) has a clear interest in beirlg &bassess the private sectors short-, mediuth- an
long-term inflation expectations when conductirgrigular assessment of the risks to price stabilit
ECB’s board members regularly claim that stabitisihe private sector’s inflation expectations is a
prerequisite for monetary policy to achieve pritabgity (Trichet, 2007): “I confirm once again tha
we consider the anchoring of inflation expectatitmbe absolutely decisive. It is because inflation
expectations are solidly anchored that we canhmuEuropean economy in a favourable environment

in the medium and long run with sustainable groarnt job creation”.

In that respect, the ECB has often referredmrket-based inflation expectations. In a recent
introductory statement, the President of the EGBestthat: “We will do what is necessary to corginu
to ensure solidly anchored inflation expectatiof'e. are looking very carefully at all [...] informatio

we extract from the financial markets” (Trichet0Z). Three main reasons are likely to motivate the
importance given by the ECB to market-based irdtagxpectations. On the short-term, it is a way for
the central bank to assess the reliability of oihfation expectations measures (e.g. survey-based
measure’y. Compared to other sources, market-based inflatixpectations measures prove to be
forward-looking and available at a high frequenely $hort, medium and long maturities. Given that
inflation-linked instruments are priced continugtishar ket-based inflation expectations measures are
supposed to react only to the marginal informationtained in the data release. On the medium-term,
they provide evidence on the extent to which shadkescting inflation dynamics are perceived by
market operators as persistent or transitory. Thght also be seen as a way to evaluate the risks o
second-round effects, which may jeopardize priebikty. On the long-term, it helps assessing the
credibility of the quantitative definition of pricgability and finally that of the ECB, as percaivey

financial markets.

Market-based inflation compensations measures (sw&tgs, break-even rates and forward rates)
generally capture not only a “pure” inflation exfaon, but also an inflation risk premium — that i
the uncertainty surrounding the inflation expectat— and a liquidity premium - linked to the
institutional characteristics of the markets. Thensof those three components is calleflation
compensation, and is what is measured directly on the markhts 1S not the scope of the present
paper to disentangle the various components datiofi compensation. On the one hand, the results of

these econometrics investigation are not yet ungmalois (Kim and Wright, 2005; Hordahl, Tristani

1 More details can be found on those measures idulye2006 issue of the ECB's Monthly Bulletin.



and Vestin, 2006; D’Amico, Kim and Wei, 2008; Guwhak, Sack and Wright, 2008). On the other
hand, one may consider that the aim of the ECBitonly to anchor inflation expectations, but also
to make the uncertainty surrounding expected ioftais low as possible. Hence, as regards the
objective of the ECB, reducing the “pure” inflati@xpectation and limiting risk premia go in the

same way. For this purpose, we only consider irptesent paper inflatiocompensation measures.

The recent developments in market-based inflat@mnpensation measures — that is higher level and
volatilities, especially at the end of 2007 - haygestioned each of these issues. First, the high
volatility of inflation compensation measures to unexpected macroeconomic press relisdéesly to
restrict their reliability as future inflation maas as, in the same time, survey-based inflation
expectations remain well anchored. Second, theehilglvel of medium-term inflation compensation
might suggest higher risks of wage developmentssiméssion into inflation expectations, paving the
way for second-round effects. Third, the increasting-term inflation compensations may question
the ECB’s credibility. Indeed, if the central baiskcredible enough, then macroeconomic surprises

should have no systematic effect on long-term fisihacompensations.

This paper seeks to assess the impact of a latgsedaof macroeconomic surprises on euro area
market-based inflation compensations derived fram sources, inflation-linked swaps (ILS) and

inflation-linked bonds (ILB), which have recentlggained attention in the euro area since time span
is now long enough to allow for econometric invgation and related markets have reached

significant levels of liquidity.

Our contribution is fourfold. First, we extend thealysis carried out in the related literature to a
broader spectrum of maturities, especially to tharts and medium-end. Second, we use an extensive
dataset of surprises variables which allows usxtub& original results. Third, estimating an (E)
GARCH model, we take into account possible hetexdakticity and autocorrelation problems, as
well as asymmetric responses of inflation compémssit Fourth, we estimate time-varying elasticities

of inflation compensations with respect to surise

Our results suggest that when gauging short- argdiumeterm term inflation compensations market
operators are sensitive to some news’ relatedaicaivity and prices. Interestingly, oil futungdces
tend to impact on the short end of the inflatiorveu However, the significance of this impact seems
time-varying and increases at the end of the sampletwithstanding, long-term inflation
compensations remain generally unresponsive to ogaonomic news, attesting the high ECB's

credibility.

The remainder of the paper is structured as follé&vestion 2 briefly reviews the literature; Sect®n
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illustrates the dataset; Section 4 presents ounauetric investigation; Section 5 elaborates on our

results and gives some interpretations; Sectioonglodes.

2. Related literature

Our paper derives from two strands of the recergiecal literature on financial market expectations
The first one analyses the reaction of interestsrad the unexpected component of data releases
(Fleming and Remolona, 1997; Kuttner, 2001). Theosd one analyses the role of communication
and credibility in anchoring inflation expectatioShrmann, Fratzscher, Gurkaynak and Swanson,
2007). However, only a very few studies have, spdaalysed the impact of macroeconomic news on

inflation expectations.

Using daily bond vyield data for the United KingdoBweden and the United States, Gurkaynak,
Levin and Swanson (2006) examine the relationslépwéen inflation compensation measures,
macroeconomic data releases and monetary policgummements. They exhibit highly significant
responses of forward inflation compensation to eatin news’ for the US and UK before 1997 - that
is before the independence of the Bank of Englaihdy reach the conclusion that a credible inflation
target can help anchoring private sector views ongdrun inflation expectations. Ehrmann,
Fratzscher, Gurkaynak and Swanson (2007) exhibiegmonsiveness of inflation expectations to
news’ in the long run particularly for Italian aigpanish data. They interpret this result as a tbette
anchoring of long-term inflation expectations sitlce beginning of EMU, supporting the view of a

credible monetary policy.

Jansen and De Haan (2007) use daily data of ioflatkpectations extracted from French inflation-
linked bond market over the period 2003-2007. I filamework of a GARCH model, they test the
impact of ECB’s communication on the ten-year matusreak-even inflation rate, controlling for
some macroeconomic news’. They find a negativetioglship between ECB’s communication —
measured as the frequency of the word ‘vigilanoeECB'’s statements — and changes in break-even
rates. Nevertheless, this result is only foundtiiersecond half of 2005. Among the control varigaple
consumer prices in Germany and France, German tid@ator, French GDP and producer prices

prove to be statistically significant.

The paper that is the most closely related to @uthat of Beechey, Johannsen and Levin (2007).
Using daily forward rates covering three maturit@sl an OLS estimation, they show that the impact
of news’ on inflation compensation, although itifsy in both economies, is higher in the US than in

the euro area. They also show that surprises imaaacnomic data have mainly significant impact on



short-term inflation compensation in the euro aaad rather on long-term in the US. Among other
significant variables, French data, especially GRIt also business confidence and producer price

index, play a key role.

Our paper seeks to extend these approaches inrgjuithe impact of surprises on the whole inflation
compensation curve, using data both from the ioflalinked swap market and from the bond market.
We also use more surprises notably that relatechtges and oil issues. Moreover, following Ehrmann
and Fratzscher (2002) we use a GARCH model. Thaval us, using rolling time-windows, to

estimate time-varying coefficients.

3. Data description

3.1 Inflation compensation data

We employ two kinds of inflation indexed market alabreak even inflation rates extracted from
French inflation-indexed and conventional bonds mmgplied forward inflation rates extracted from
inflation linked swap (ILS) zero-coupon contraaisnii 2 January 2004 to 31 December 2007. All the

data are collected from Bloombé&mnd Datastream.

The break-even inflation rate (BEIR) is definedtlas yield spread between a conventional nominal
bond and an inflation-indexed bond with the saméunitg. This is the compensation for inflation that

investors require to offset the yield spread betwaenominal bond and an inflation-indexed bond
(ILB) with the same characteristics. The BEIR pdms a proxy of market participants’ average

inflation expectations over the residual maturityhe bonds.

The ILS market in the euro area is the most madnklargest inflation-swaps market. Contracts are
typically structured as zero-coupon swaps and patgnare exchanged at maturity based on a pre-
agreed annual fixed rate against a floating rateetil to the euro area HICP index excluding tobacco.
The fixed rate is known asnplied inflation rate and compensates the holder of the contract for
expected inflation over the life of the contraaigph premiumdf. appendix 1 for more details on the

contract). The available maturities of ILS contsacinge from 1 to 30 years. Some maturities are
more traded than others in the euro-area contractieed, market activity is concentrated in

maturities up to ten years. As a consequencetimfl@ompensation data on short- and medium-term

maturities seem more reliable (cf. appendix 2).r&hare several reasons supporting the use of

2 Given that ILS market is over-the-counter, theadat colleted from Bloomberg incorporates ratedabla across a selection of brokers.



inflation-linked swap data. Firstly, contrary toBldata in the euro area, data on ILS contracts have
range of regular maturities from one to thirty yeand the availability of short-maturity contracts
enables to assess short-term inflation compens&decondly, directly observing compensation rates
also removes the need to tackle the issues ofréifées in time-to-maturity and coupon-payment
structures of nominal and indexed bonds. In additibe declining time to maturity of bonds makes
the break-even rates from bond data more senstigeseasonality bias linked to the HICP (excluding

tobacco) index.

Our sample period is particularly interesting irgads it contains two different stances of the ECB’
monetary policy. First, between January 2004 andeBéer 2005, the ECB maintained its main
refinancing rate at a level of 2%. During this pdrrisks to price stability in the medium term rose
reflected by sharp increases in inflation compeasatas derived from implied ILS rates showed in
fugure 1 below. Second, from December 2005 onwatlde, ECB has started to withdraw
progressively the accommodative stance of its naopgtolicy by increasing its official interest rate
from 2% in November 2005 to 4% in December 2007.

Figure 1: inflation compensations in the euro area
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Figure 1 shows ten-year euro area implied inflatompensation rate (grey solid line), five-year
forward implied ILS rate five-year ahead (blackiddine) and the main refinancing rate (red line)
between January 2004 and December 2007. Afterre@akdng trend in the second half of 2004, there
are steep upward movements in inflation compensaticarly 2006 and in the second half of 2007.
Regarding the five-year forward implied ILS ratgefiyears ahead, we observe an increase in the
second half of 2007. But, as mentioned later ois, iather complex to know exactly the contribution

of the “pure” inflation expectation in the inflaticcompensation, given the presence of some premia.



3.1.1 Some caveats

Some caution is needed when using data on inflatmmpensation. The main reason is that the
implied rate measured from an inflation-swaps @mtiras well as the break-even extracted from bond
data (and forward rates that can be computed) doesepresent a “pure” inflation expectation but

consists of a sum of expected inflation over amgikerizon and a premium.

This premium can be considered as an inflation pekmium, that is, the premium required for
uncertainty about future inflation rates over tifetime of the instrument, plus a liquidity premium
Indeed, since inflation-linked instruments haveerdly been introduced in the euro area, investors
may have demanded a liquidity premium for holdimgse instruments to compensate for their relative
illiquidity. Nonetheless, we can wisely suppos« thé& premium is unlikely to change on a day-to-
day basis since turnover in those markets hasgrancreased in recent years. That is the reason

why we do not take this effect into account intéemainder of the paper.

All'in all, expected inflation and the inflatiorsk premium are the main components likely to réact
macroeconomic surprises. When inflation compensagacts to surprises, it could be either expected
inflation or inflation risk premium, or both. Froencentral perspective, is all the more interesting
analyse this compensation insofar as the ECB’sctlegeis to deliver price stability in the medium
and long runs. If this commitment is viewed as ibled by investors and agents, inflation
compensations will remain anchored and investor$ @@mand a low inflation risk premium.
Therefore, the two components are (inversely) edldab the perceived credibility of the monetary
authority in controlling inflation. Thereafter, wese the term “inflation compensation” both for the

ILS implied inflation rates and for the ILB breaken rates.

3.1.2 Computation of euro area inflation swap forwed rates and break-even rates

Using forward rates presents two advantages inst@fnnterpretation. Firstly, it makes it possibde
correct long-term inflation compensations for viddavariations in short-term inflation compensason
so that the forward rates are much less noisy thancorresponding spot ILS rates. Secondly, it
enables to study whether a surprise impacts ort,ghedium or long end of the compensation curve.

That is why we compute here these forward ratediftarent maturities.

Let 77, be the inflation swap rate for maturity n angi, be the inflation swap rate for maturity m.

Then, assuming no arbitrage, the forward inflasamp rate,, 77" nbetween m and n is defined:
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n-m

@+ m) =@+ m, ) e, ')

Thus, the forward inflation swap rate between nm@ardl is equal to:

1+ ,.)"™
@+ m)

f —
n/l n1 =

This definition does not involve any specific asptions. Our choice is to work with those raw
forward rates without using transformation (suchNedson-Siegel methodology as in Beechey,
Johannsen and Levin, 2007) that are likely to Ihesresults. Indeed, our purpose is to study the

market reaction without modification of the sigpabvided by financial market data.

In addition, break-even inflation rates are comguwte the difference between the yield-to-maturity o
a nominal bond and that of a real bond or inflaiiftdlexed bond presenting the same characteristics
as regards the issuing country and the maturitghénpaper, we focus on break-even rates extracted

from nominal and real French bond maturing in 22,5 and 2032.

3.2 Surprises data

The data used to estimate the expected and acticalme of macroeconomic data reled$ese been
collected from Bloomberg. The anticipated outconfetlee macroeconomic releases consists of

median expectations of the survey panellists.

Appendix 3 shows all macro announcements. Most atea data macro announcements are released
later than the US equivalents. The late outturrewrfo area statistics is due to the compilation of
statistics from euro area countries. As a reshky tshould contain less information as national
releases. That is why we also consider nationahsgls for France, Germany and Italy but also those
of the US. Indeed, US announcements may be pecteigean early signal regarding euro area
expected inflation and since US macro data arec#ylyi released earlier than equivalent euro area
data, market participants may draw conclusions attiieuro area economy from US data releases.
An empirical examination is done to check whethewey data can be deemed unbiased predictors of
the final outcome. It turns out that in most casesyey data are found to be unbiased predictseg. (

appendix 4 for detailed results).

3 We do not take into account revisions since theketaeaction occurs mainly on the first data retewhile the reactions after revisions are

minor.
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The surprise is measured in terms of a standardisgulise measure (Balduzzi et al., 2001), computed

as:

where R; and G; are the realization and the consensus (mediarcatmns of a survey panellists) of
data release i at time t, respectively, adis the standard deviation of the forecast errodatf
release i. Dividing by the standard deviation madkats surprises comparable across macroeconomic

announcements.

We also look into the frequency distribution ofro@dent surprises in macroeconomic annoucements.
For example, in the sample period of 1066 tradiagsdthere are 576 trading days on which there is
no release. There are 209 trading days (19.7%)mitle than one surprise.

In addition to macro announcements, the estimatisn takes into account monetary policy decisions
by the ECB. Applied to the ECB’s actual monetaryigyodecisions, the unexpected content of the
published decisions can be assessed in comparingl aztcomes of the ECB decisions in terms of
the main refinancing rate with the median of analysurvey-based expectations collected before the
Governing Council meetings by Bloomberg. But on #anple period, market participants have
perfectly anticipated the decisions taken by thd8E&nd the surprise component (measured as the
difference between the actual outcome and the mdeizB watchers’ expectations) has always been
equal to zero but at the end of 2005 (beginninthef‘code words’ episode). Similarly, we also take
into account Federal Reserve monetary policy ancements. Nevertheless, the timing of the
publication of the FOMC announcements is at 20@énfral European Time) and the surprise (if it

exists) must be placed the day after since europel@xed markets are closed at that hour.

4. Econometric investigation

As financial markets are assumed to be efficidm, éxpected component of macroeconomic data
releases is assumed not to have any effect on triaaked inflation compensations. Hence, only the
unexpected component of the release — that isstimprise” — might affect inflation compensations. A

natural way to analyse the effect of various mamwoemic announcements is to include the full set of
surprises in one single vector and to regress tenge in inflation compensations on these

explanatory variables, whose effects are in that stadied altogether.

12



As usual in this literature (Girkaynak, Sack andagson, 2005), we regress, for each maturity, the
day-to-day difference in spot break-even ratesfanwiard inflation swap rates on its own lags, oa th
full set of surprises as well as on specificallyaficial day-of-the-week dummies, financial variable

(oil futures price§ and on the dummy capturing the effect of ceriealk communication.

The equation to be estimated is as follows:

L1 N K
AR =a+Y BAR, +Y ;S +Y ALIOGFV,, + Dy +AMon+gFri+ e, (1)
i=1 =1 k=1

where:
- AR is the change from date t-1 to t of the inflatmmpensation (sport BEIR and forward
swap rate)
- ais aconstant;

- ARy, are lags of the endogeneous variable to corregtdssible autocorrelation;

- S.is the j-th component of the vector of macroecoincsurprise@ at the date t;

- FVy are financial variables such as oil futures prideBSE100, dollar/euro exchange rate,
Dow Jones IA, Eurostoxx50;

- Deomtis @ dummy variable accounting for the monetaticp@ommunication of the ECB

- Mon and Fri are calendar dummies to account foerdail day-of-the week effects;

- & the residuals.

GARCH techniques are used to estimate equationwhich is in that case the conditional mean
equation. Indeed, it turns out that the series l@ihiolatility clustering as well as a non-normal
empirical distribution (an excessive kurtosis swgigg that compensation series have fatter taéla th
a normal distribution). Moreover, the estimatioregfiation (1) using OLS exhibits heteroskedasticity

in the residuals.

4 Other variables such as FTSE100, dollar/euro exgdaate, Dow Jones IA, Eurostoxx50 have beendebtene has been found statistically
significant except oil futures prices (Crude OileBt 3Mth future).

5 We carried out unit root tests that could not dasigely rule out the hypothesis that inflation qmmsations are I(1), that is why we worked
with the first difference.

6 Different surprises may be released on the sameHtawever, it turns out that the number of daysadmich this happens is rather limited
(see appendix 4 table 3).

7 As highlighted by Blinder & al. (2008), since ceaitbank’s communication has been an importantedrof financial markets, it seems
relevant to take into account that effect. Givea tommunication on inflationary developments over $ample period, a dummy variable
tracking the ECB’s communication has been consttieide construct a dummy variable accounting forrtteén communication channels
of the ECB (press conferences, publication datthefMonthly Bulletin, testimonial hearings, speechad interviews). Nevetheless, this
effect is not significant.
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The regressiofdsare thus performed for one-year forward ratesrendne to nine years ahead (and
also for 5-year forward 5 years ahead ILS rateslihgear forward 10 years ahead ILS rates) and for
spot break-even inflation rates with maturities 202015 and 2032. The specification of the model is

chosen according to the Schwarz information coteftypically, we get L1=3).

The equation for the conditional variana(—:‘2 is the following:
2 E 2 . 2 S H
o =w+) peiai+ ) 1,0% +> pBn,, +6,Mon +6,Fri (2)
i=1 i=1 i=1

The series of jn correspond to dummies with#al if the news | is released at the date t gelOn

otherwise.

In some cases, we find evidence of heteroskedgstiemaining in the residuals. As a result, we
employ an EGARCH model (as in Nelson and Cao (1982)we consider that the effect of surprises
may be non-line&r An advantage of this approach is that it does megjuire us to impose

nonnegativity constraints on the coefficients o ttonditional second moments. In this case, the

equation (2’) for conditional variance is as fol&w

£
logo,” = w+ plogo, * + 7|

N
iy €t > pn,, +6,Mon + 8,Fri (2)

t-1 j=1

t-1

The parameters are finally estimated using maxinikelihood algorithm. We include dummy
variables for Mondays and Fridaysn both the conditional mean equation and the itamal
variance equation of the GARCH model. This inclasad dummy variables in both the conditional
mean and conditional variance equations in GARCHlet®wis supported by Doornik and Ooms
(2003), who show that adding the same dummy vagiabth in the conditional mean equation and the
conditional variance equation of the GARCH moddikisly to solve the problem of multimodality of
the likelihood.

8 The estimations are carried out using a normaibligion or, alternatively, a t-distribution if¢hJarque-Bera statistic rejects normality in the
residuals.

9 We run regressions using EGARCH estimation tearesdo account for potential asymmetric effectsuwprises on inflation compensation
rates in cases where asymmetric effects were dgtlibi

10We also test for other day-of-the-week effects,drly the coefficients for the Friday and Mondayrinies were found significant.
14



5. Empirical results

Appendix 5 and 6 presents the surprise effects @npensation rates (spot and forward) for 20
macroeconomic surprises and two monetary policprses for the full sample period of 2 January
2004 — 31 December 2007.

5.1 Break-even rates (maturities 2012, 2015 and 283

Overall, most of the variablesexhibit a coefficient whose sign is consistentwtite intuition: a more

optimistic release than expected raises inflatmmmensation rates.
5.1.1 BEIR 2012

Overall, French surprises prove to be more importandriving BEIR developments than other
surprises (see Appendix 5 Table 4), which is ngbrssing given that bond data are extracted froen th

French bond market.

Surprises coming from price indexes for Francédy kad the Flash HICP released by Eurostat impact
positively on inflation compensation, which appeaasural in the sense that a higher than expected
inflation release is likely to be transmitted tauite price dynamics in the short run. The surpirise
euro area HICP has the same order of magnitudettiesurprise in French CPI, which stands at
0.01.

Real activity surprises such as French industriadipction have a significant positive impact. Tisis

a common view that an improvement of the economittook is likely to result in a higher inflation.
One notices that national data (ltalian and Fremgigear as much as or even more significant that
aggregated European détd his could be explained by the fact that natiatath are released before
European ones, as the latter is the result of glgeegation of the former. Once the European data ar
published after that of France, Italy and Germadhg,surprise component of the euro area release is

only marginal.

11 Monetary policy (ECB and Fed) surprises do noteapstatistically significant. Similarly, the dummB{ZB'’s communication in the mean
equation is insignificant in all cases.
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The positive impact of French non farm payroll sisgs tends to attest that job creation in France
would result in higher inflation compensations battmaturity. This is not surprising in that sense
that increasing job creation today is likely to puéssure on wages and to impact on the futuregric

developments, in accordance with common views ab@agfes-prices loop. On the short-run, this is

not worrying as far as it can be considered asit@ny.

Finally, U.S. GDP in advance has a statisticaliydicant effect at short term horizons. Unexpelsted
higher growth rate in the United States today soeaisited with higher inflation compensation in the
euro area. The magnitude of the coefficient magsained by the fact that announcements on those

data is made very early compared to European data.

5.1.2 BEIR 2015

Soft data such as IFO business surveys impactiymgiton inflation compensation rates on that
maturity. This might be explained by the fact th#&D is one of the best leading indicators of theoeu
area growth. Indeed, the surprises on that indicate known to be strongly market-moving as
mentioned by Coffinet and Gouteron (2007). A higllean expected future growth is likely to

increase inflationary pressures.

Regarding oil futures prices, their impact is siigaintly positive on the 2015 maturity. This effést
not marginal and might reflect the transmissiomibprices developments into medium-term inflation
expectations. This result sheds a new light onritles for price stability arising from oil prices
developments. It turns out that the elasticity fioeit is not only significant on the whole sample
but also stronger and much more significant awvérg end of the period. This may prove that rigks t
price stability in the medium-term stemming fronh miices have become higher in the most recent

period.

5.1.3 BEIR 2032

Inflation compensation rates extracted from bordd tature in 2032 respond significantly to few

surprises: French CPI and French industrial pradaatith slight significance and M3 surprises.

12\we have tested whether the inclusion of other amea surprises might improve the fit of the mowé could not detect any variable that
could add explanatory power.
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Surprises coming from the price index for France emdustrial production France impact positively
at respectively 10% and 5% level. Given that théRBE032 is the expected average inflation over
remaining time to maturity - i.e. the year 203Ze@ould infer that these effects are due to tlogt sh

end of the compensation curve (cf. 5.1.1).

Regarding the impact of M3 surprises, the signifteadepends on the sample considered as we will
see in section 5.3. Nonetheless, the negative teffenot intuitive. In essence, the effect of M3

developments on the inflation compensation shoelgedd on the markets’ beliefs about the central
bank’s monetary policy reaction function. The EC#shalways emphasized the importance of M3
growth for its medium-term oriented strategy. ¥ tBCB is perceived by market operators to react to
M3 growth, then an unexpected rise in M3 is likidylead to an expectation of interest rate hike and
so to a downward revision of inflation compensatiates. Of course, this interpretation should be

taken with caution since this impact is low andghgmificance is at 5% level.

5.2 Forward rates

In this section, we extend our analysis to forwemdhpensation rates extracted from ILS spot rates
since we want to analyse precisely the term stracaffect of surprises. Overall, the results do
confirm the picture gained in the preceding sectidimost all the coefficients are of the expected

sign, with stronger-than-expected inflation oratfi passing on higher inflation compensation rates

5.2.1 Short-term forward inflation compensations (13 years ahead)

One year forward inflation compensation one, twd #mwee-years ahead respond significantly to the
surprise component of several data releases: monfayroll France, business climate indicator

France, GDP lItaly, ZEW and Chicago PMI. Each h#neaxpected sign that is to say a stronger-than
expected annoucement raises forward inflation cosggon rates, probably because of a revision in

market operator’s beliefs at that horizon:

- Soft data indicators such as French business dimmalicator and German ZEW impact on
short term forward rates. This seems consisterfit iisults for short-term BEIR. Indeed, an
unexpected improvement in business conditions énebro area is likely to cause upward

pressure on expected inflation and, thereby, ioflatompensation;
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- Surprises on price indexes for France and Germamstatistically significant and positive,
which means that an unexpected increase in thatiofl of the main economies of the euro
area would be transmitted into inflation compersatiates for the whole euro area. This
result is not surprising since Germany and Frangether make up nearly 50 percent in the

euro area HICP calculation;

- US Chicago PMI surprises impact positively on shemn inflation compensations in the euro
area. This suggests that market operators contfidea better economic situation in the US
would result in a higher inflation in the euro areaobably because the United States are

perceived by investors as being one of the maiimerfgr global growth and inflation;

- Oil future prices tend to impact positively the oba in one-year forward compensation two-
years ahead which is intuitive. Indeed, greatessaree on oil futures prices causes markets to

revise their short-term inflation expectations upiga

5.2.2 Medium-term forward inflation compensations 4-9 years ahead¥

On the medium-term, few surprises prove to bessieaily significant’. This concerns essentially:

- European real activity indicators (German IFO) ande indexes (French and German CPI),
as well as US CPI impacts medium-term forward tidta compensation. The interpretation

remains identical to that carried out in the shieitm end of the inflation compensation curve;

- Unemployment rate France impact significantly mediierm forward rates with a negative
sign, since higher than expected unemployment dghewukntually lead to an easing in
expectations of future price pressures. This remflects a common view, in particular

related to the Phillips curve;

- Similarly, it appears that oil future prices impatlie change in one-year forward
compensation five-years ahead. This result is ster#i with that for BEIR 2015 and
illustrates that market operators do believe thhtdevelopments will impact on realized

medium-term inflation.

13 For this analysis, we performed regressions fergwne year forward compensation rate betweeryeaeand nine years ahead but for
the sake of concision, we do not present the essrfar which the results are consistent with trafssomparable maturity.
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5.2.3 Long-term forward inflation compensations (1Q/ears rate 10 years ahead)

On the long-term, the forward inflation compensatiate ten years to ten-years ahead is statisticall
unresponsive to macroeconomic surprises. Theséig@suror that of Beechey, Johannsen and Levin
(2007) who prove that long-term inflation compeimat in the euro area do not react to any
macroeconomic surprise. This tends to prove thai-term inflation expectations in the euro area are

well-anchored and hence that the ECB credibilityains strong given its objective of price stability

As a robustness check, we compute Ljung-Box Qstizgi for the standardized residuals and it turns
out that we cannot reject the null hypothesis thate is no serial correlation (for all the ordef)e

Q statistics of order 1 are presented in tables flappendix 5/6. Although these regressions explain,
in the best cases, only about one-third of theavae of compensation rate change (see adjustefi R
appendix 5/6), their performance in that respeatosiparable to other estimates in the literature
(Jansen and De Haan 2007).

5.3 Variation over time of elasticities for long-tem inflation compensations

The results above are likely to be time-dependbat,is the reason why further investigation allogvi
for time-variation of the elasticities is necessakie investigate whether the effects of some ssepri
were different in some periods by estimating rgllinwindow regressions. Appendix 7 presents the
time-variation of elasticities of inflation competi®ns extracted from bonds with respect to idestif
macroeconomic surprises (euro area flash HICP,Re&ice, non farm-payroll France, IFO Business
Survey and M3).

The first window comprises the sample spanningtiteod January 2004 to June 2005. Subsequently,
this window is moved in monthly steps. Then, we i regressions over the window and stack the
coefficients. Accordingly, we can estimate the midde 31 windows, with the last one covering a
sample from July 2006 to December 280The estimated coefficients of these regressionstaown

in appendix 7. Each graph contains the estimatednpeters for one surprise variable, with their
evolution over the time-windows on the x-axis. T@rameters are shown with 95% confidence

bands.

14 The estimations yield two counterintuitive resulevertheless, when it happens the level of siganite is at 10% level. This is the
case for the surprise “industrial production DE"igthimpacts negatively at 10% level the 1y forweate 1y ahead and for the surprise
“CPI FR” which impacts negatively at 10% level heforward rate 5y ahead.

15 However, it should be noted that the time-windewdt large enough (only 18 months) to ensurettitisscal reliability of the results.
This is the reason why the conclusions stemming fitus analysis should be taken with caution.
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Looking at the time-varying estimates of parameterthe mean equation for the three BEIR (2012,

2015 and 2032), the following points emerge:

- Regarding surprises in euro area HICP, the eff@asestimated to be rather stable over time in

particular on the second half of the sample. Theffimients are in a range of 0.01 to 0.02 ;

- There is some evidence of increasing trend in ffexts of French CPI surprises over time. In
particular, for 2032 maturity, the point estimafetiis parameter is increasing from a very low
level of O for the first window (January 2004 - éU2005). Towards the end of the sample, in the
last window, it stands at 0.012, and has now raathe same order of magnitude than short

maturities BEIR, which stood in a range of 0.0D102 (see charts 7.3);

- The coefficients of oil futures prices are follogiran upward trend, at increasing levels of
significance particularly at the end of the samplais increasing effect is particularly noticeable
since the beginning of 2007. This higher BEIR snsi to oil futures prices data may be linked

to market participants growing concerns about itigaict of oil price increases on future inflation;

- The effects of IFO surprises are estimated to badly stable over the estimation window; at the
end of the sample, standard error bands tend tenyigiobably reflecting the uncertain impact of
the IFO index on the inflation expectations of finel markets in times of increased uncertainty

regarding the future path of the economy;

- Looking at the effects of M3 surprises on the BRB®32, somewhat surprisingly, we detect a
significant negative response of compensation tatesirprises in the euro area M3. We provided
an explanation of those results before. But thisctfoecame more significant at the end of the
sample, probably due to the record level reachad M@ growth at that time and the
communication of the ECB regarding that level. kdleduring the course of the year 2007, in the
Introductory Statements of the press conference,Gbverning Council expressed a marked
concern about the highest rate of M3 growth andugisde risks to price stability at medium to
longer horizons which are related. As a consequyemegket participants may have interpreted
these news in M3 press release as having implitatior monetary policy decisions and so for
future inflation in the euro area in that particysariod. This result is consistent with Coffineta
Gouteron (2007) who show that the relationship ketwinterest rates at medium-term maturities

and M3 surprises depends on the ECB communicatiats@wn monetary analysis.
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6. Conclusion

The determinants of market-based inflation expextatin the euro area are not very well known. In
this paper, we address this question by using dailst of inflation compensation — the compensation
required for expected inflation and inflation risker the life of the indexed instrument (swap or
bond) — extracted from the euro area ILS market laBdmarket. This approach has allowed us to
address two closely related questions. First, thygep has analysed how short and medium term
inflation compensation rates react to the occueesicsome macroeconomic surprises. Second, the
paper has investigated whether long term inflabompensation rates in the euro area were deemed
anchored on the sample considered. Overall, we dfotiat inflation compensation responds

differently to surprises depending on the matwitpsidered.

Our contribution is fourfold. First, we extend thealysis carried out in the related literature to a
broader spectrum of maturities, especially to tmertsand medium ends of the compensation curve.
Second, we use an extensive dataset of surpridables. Third, we consider the potentially
asymmetric responses of inflation compensationsirthp we estimate time-varying elasticities of

inflation compensations with respect to surprises.

Our results suggest that when gauging short- ardiumeterm term inflation compensations market
operators are sensitive to some surprises relatagal activity and prices. In particular, there is
evidence that euro area inflation compensationst raare strongly to French surprises. Interestingly
the rolling window regressions reveal that oil fetsi prices have become more important over time on
the short and medium end of the compensation cuN@withstanding, long-term inflation
compensations remain generally unresponsive tooeaonomic surprises, attesting the high ECB'’s

credibility on the sample considered.

There are a number of questions for future researalildress. To begin with, it may be interesting t
investigate this issue at higher frequencies wittaday data when it will be available. It wouldal

be worthwhile to investigate the impact of surmisa each component of the inflation compensation
and as a matter of fact to be able to decomposearthasure since the inflation risk premium is time-

varying.

21



1)

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

16)

References

Balduzzi P., Elton, E.J., and Green, T.C. (200BEcdnomic news and bond prices: Evidence
from the US Treasury marketlournal of Financial and Quantitative Analysis, 36, 523-543.

Beechey M., Johannsen B. and Levin A. (2007): “fmg-run inflation expectations anchored
more firmly in the euro area than in the Unitedt&a”, CEPR Discussion Paper, no 6536.

Blinder A., Ehrmann M., de Haan J. and Fratzscher“®entral Bank communication and
monetary policy: a survey of theory and evidend&liropean Central Bank Working Paper,
n°898.

Coffinet J. and Gouteron S. (2007): “Euro area markactions to the monetary developments
press releaseEuropean Central Bank Working Paper, n°792.

D'Amico S., Kim D., Wei M. (2008): “TIPS from TIPS:he Informational Content of Treasury
Inflation-Portected Security Prices”, Finance amdriomics Discussion Series, Federal Reserve
Board of Governors, June.

Deacon M. and Derry A. (1998): “Inflation-indexeecsrrities”, Prentice Hall Europe.

Doornik J. and Ooms M. (2003): “Multimodality inealGARCH Regression Model”, 2003-W20
in Nuffield Economics Working Papers.

ECB (2006): “Measures of inflation expectationstia euro area.”Monthly Bulletin, July.

Ehrmann M., Fratzscher M., Girkaynak R. and Swankon(2007): “Convergence and
Anchoring of Yield Curves in the Euro Areduropean Central Bank Working Paper no. 817.

Ehrmann M. and Fratzscher M. (2002): “Interdependebetween the euro area and the US:
What role for EMU?” European Central Bank Working Paper No. 200.

Fleming M. and Remolona E. (1997): “What moves lthad market?”, Research Paper 9706,
Federal Reserve Bank of New York.

Gurkaynak R., Levin A. and Swanson E. (2006): “Dadftation targeting anchor long-run
inflation expectations? Evidence from long-term d®rn the U.S, U.K. and SwederFederal
Reserve Bank of San Francisco Discussion Paper, no. 2006-09.

Gurkaynak R., Sack B. and Swanson E. (2005): “Dtiolvs Speak Louder than Words? The
Response of Asset Prices to Monetary Policy Actiamsl Statemerits Macroeconomics
0504013, EconWPA.

Gurkaynak R., Sack B. and Wright J. (2008The TIPS Yield Curve and Inflation
Compensation”, Finance and Economics Discussiore§dfederal Reserve Board of Governors,
May.

Hoérdahl P., Tristani O. and Vestin D. (2006): “Tteem structure of inflation risk premia and
macroeconomic dynamics”, Computing in Economics &mdance 2006 203, Society for
Computational Economics.

Joyce M. and Read V. (1999): “Asset Price ReactiorRPI AnnouncementsBank of England

22



Working Paper, no. 94.

17) Jansen J. and de Haan J. (2007): “The Importan@&eioig Vigilant: Has ECB communication
Influenced Euro Area Inflation ExpectationsBINB Working Paper, No. 148, October.

18) Kim D. and Wright J. (2005): “An Arbitrage-Free HBe-Factor Term Structure Model and the
Recent Behavior of Long-Term Yields and Distanti#on Forward Rates”, FEDS Paper, 2005-
33.

19) Kuttner K.N. (2001): “Monetary policy surprises ainterest rates: evidence from the Fed Funds
Futures market"Journal of Monetary Economics, 47, 523-544.

20) Nelson D. and Cao, C. (1992): “Inequality constimin the univariate GARCH model”, Journal
of Business & Economic Statistics, 10, 229-235.

21) Trichet J.-C. (2007): “Introductory Statement”, 8mber.

23



Appendix

Appendix 1: Description and characteristics of a z® coupon inflation swaps®

Principle of an inflation swap contract a zero coupon inflation-linked swap is a bilate@ntractual
agreement (arranged OTC) in which two parties adoeeexchange at maturity a floating-rate
payments linked to inflation measured with HICP leding tobacco party (payed by the “inflation
payer”) against a predetermined fixed-rate paym@aged by the “inflation receiver”). Insofar as at
the trade date, the inflation index value is nobwn because of a delay in the publication, the two
parties take a lagged value of the index (threethsoim the Euro area). The cash flows are presented
in Figure 2. The inflation leg refers to the natrase in reference index (HICPe) frdsito Te. The
fixed leg refers to a fixed amount which is writtes an accumulated rate, The rate b is quoted and
called theinflation swap rate. This rate will differ depending on the curremhéi and the maturity

considered.

Figure 2: Cash flows of zero coupon inflation swap

Maturity date Te
Issue date Ts Inflation leg = [HICPe(Te)/HICPe (Ts)]-1

A

Fixed leg= [(1+b)"™-1 v

The rates used in this study represent the fixeddpaid by the inflation receiver (the fixed ratgeats
are willing to pay in order to receive the cumudatrate of inflation during the life of the swaphe

quoted rate is considered as a proxy of expect&dion over the life of the swap.

16 For more details on the ILS contracts, see DeacohDerry (1998).
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Appendix 2: descriptive statistics for the inflatim compensations measures

BEIR 2012
2004-2007 200¢ 200t 200¢ 2007
Mean 2.1¢ 2.1¢ 2.0¢ 2.12 2.1¢
Median 2.14 2.1¢ 2.0¢ 2.14 2.2C
Maximum 2.3¢ 2.3¢ 2.2¢ 2.2€ 2.37
Minimum 1.9¢ 2.0C 1.9¢ 2.0C 1.9¢
Std. Dev 0.0¢ 0.0¢ 0.07 0.0t 0.0¢
Skewnes 0.07 -0.16 0.0¢ -0.1C -0.07
Kurtosis 2.6% 2.21 1.9¢ 2.31 2.4¢€
Jarque-Bera 6.2¢ 7.92 11.31 5.4¢ 3.3¢
Probability 0.04 0.01 0.0C 0.0¢ 0.1¢
Observations 104t 262 261 261 261
BEIR 201&
2004-2007 200 200t 200¢ 2007
Mean 2.12 NA 2.07 2.1t 2.1¢
Median 2.14 NA 2.0€ 2.1¢ 2.1¢
Maximum 2.4C NA 2.4C 2.3C 2.32
Minimum 1.9C NA 1.9C 2.0t 2.0
Std. Dev 0.07 NA 0.0¢ 0.04 0.0t
Skewnes -0.4C NA 0.91 0.11 0.52
Kurtosis 3.8t NA 5.3z 2.87 2.6¢
Jargue-Bera 39.41 NA 85.81 0.74 12.9¢
Probability 0.0¢ NA 0.0C 0.6¢ 0.0C
Observations 757 0 23t 261 261
BEIR 2032
2004-2001 200¢ 200t 200¢ 2007
Mean 2.32 2.47 2.24 2.3C 2.3€
Median 2.32 2.4€ 2.2% 2.2¢ 2.35
Maximum 2.6t 2.6t 242 2.43 2.52
Minimum 2.07 2.3 2.07 2.2C 2.2z
Std. Dev 0.1C 0.0€ 0.07 0.04 0.07
Skewnes 0.3€ 0.3 0.27 0.2¢ 0.31
Kurtosis 2.8% 2.5¢ 2.2¢ 2.8¢ 2.2¢
Jargue-Bera 23.3¢ 7.2C 8.71 3.7z 10.21
Probability 0.0C 0.02 0.01 0.1%t 0.0C
Observations 104¢ 262 261 261 261
1x1 forward
2004-2007 200 200t 200¢ 2007
Mean 2.1% 2.C8 2.1z 2.1¢ 2.1¢
Median 2.1¢ 2.11 2.12 2.1€ 2.1t
Maximum 2.4¢ 2.4z 2.4z 2.4¢ 2.4¢
Minimum 1.7:2 1.7¢ 1.92 1.92 1.7¢
Std. Dev 0.12 0.1¢ 0.0¢ 0.12 0.12
Skewnes -0.37 -0.2¢ 0.37 -0.0¢ -0.1¢
Kurtosis 3.1¢ 1.c 3.14 2 3.71
Jarque-Bera 25.9¢ 15.5¢ 6.2% 11.0€ 8.0t
Probability 0.0C 0.0C 0.04 0.0C 0.01
Observations 1043 262 26C 26C 261
1x2 forward
2004-2007% 2004 200% 200¢ 2007
Mean 2.1¢ 2.24 2.11 2.14 2.22
Median 2.17 2.24 2.12 2.12 2.2
Maximum 2.51 2.51 2.34 2.4z 2.4t
Minimum 1.8€ 2.01 1.8€ 1.9€ 1.92
Std. Dev 0.1 0.1 0.0€ 0.0¢& 0.0¢
Skewnes 04 0.02 -0.22 0.4¢& 0.2¢
Kurtosis 2.7€ 2.47 4 2.3€ 2.52
Jarque-Bera 30.31 3.1 13.02 14.7: 6.2
Probability 0.0C 0.21 0.0C 0.0C 0.04
Observations 104z 262 26C 26C 261
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1x3 forward
2004-2001 200< 2005 200¢ 2007
Mean 2.21 2.34 2.11 2.1t 2.2t
Median 2.2 2.3 2.0¢ 2.14 2.27
Maximum 2.6€ 2.6€ 2.4¢ 2.5 2.4%
Minimum 1.8¢ 2.14 1.8¢ 1.8¢ 2.01
Std. Dev 0.12 0.0¢ 0.0¢ 0.0€ 0.0¢
Skewnes 0.4< 0.67 1.0¢ 0.61 -0.12
Kurtosis 2.7¢ 3.21 5.6¢ 5.3t 1.84
Jarque-Bera 37.92 20.1¢ 129.6: 76.4 15.32
Probability 0.0C 0.0C 0.0C 0.0C 0.0C
Observations 104: 262 26C 26C 261
1x4 forward
2004-2001 200< 200t 200¢ 2007
Mean 2.2¢ 2.3¢ 2.11 2.17 2.2¢
Median 2.21 2.3€ 2.11 2.17 2.2¢
Maximum 2.77 2.6¢ 2.57 2.717 2.52
Minimum 1.81 2.17 1.c 1.81 2.04
Std. Dev 0.12 0.1 0.0¢ 0.07 0.0¢
Skewnes 0.5 0.6t 1.14 1.67 -0.02
Kurtosis 2.9¢€ 2.8¢ 6.67 20.01 1.87
Jargue-Bera 44.8¢ 18.8: 202.7¢ 3257.4¢ 13.8¢
Probability 0.0C 0.0C 0.0C 0.0C 0.0C
Observations 104: 262 26C 26C 261
1x5 forward
2004-2001 200< 200t 200¢ 2007
Mean 2.2¢ 2.3€ 2.1% 2.2 2.2¢
Median 2.23 2.3t 2.1Z 2.2 2.2¢
Maximum 2.6 2.64 2.54 2.3€ 2.47
Minimum 1.62 2.0¢ 1.62 1.82 2.1
Std. Dev 0.12 0.1 0.1 0.07 0.0¢
Skewnes 0.0¢ 0.1z 0.1t -0.61 -0.04
Kurtosis 3.2 2.717 6.1¢ 4.6¢ 1.7t
Jarque-Bera 4.1¢€ 1.24 110.6¢ 47.8¢ 16.81
Probability 0.12 0.52 0.0C 0.0C 0.0C
Observations 104: 262 26C 26C 261
1x6 forward
2004-2001 200 200t 200¢ 2007
Mean 2.3 2.44 2.2 2.2% 2.32
Median 2.2¢ 2.42 2.1¢ 2.2¢ 2.34
Maximum 3.3¢ 2.8¢ 3.05 3.34 2.5¢
Minimum 1.62 1.91 1.8¢ 1.62 2.0€
Std. Dev 0.1¢ 0.11 0.11 0.11 0.1
Skewnes 0.7¢ 0.1 2.4t 3.07 -0.02
Kurtosis 6.07 4.2t 16.1% 37.¢ 2.0¢€
Jargue-Bera 519.8: 17.8¢ 2141.7: 13383.3 9.61
Probability 0.0C 0.0C 0.0C 0.0C 0.0C
Observations 104: 262 26C 26C 261
1x7 forward
2004-2001 200¢ 200t 200¢ 2007
Mean 2.31 2.4t 2.1¢ 2.2€ 2.3t
Median 2.3 2.4t 2.1¢ 2.2¢€ 2.34
Maximum 2.9¢ 2.717 2.5¢ 2.9¢ 2.61
Minimum 1.54 1.57 1.6¢ 1.54 2.0¢€
Std. Dev 0.1t 0.12 0.11 0.1 0.11
Skewnes -0.0¢t -1.4 -0.04 -0.12 0.23
Kurtosis 4.32 9.7: 4.5¢ 17.9¢ 2.41
Jarque-Bera 76.5¢€ 582.1: 27.71 2419.9° 6.1
Probability 0.0C 0.0C 0.0C 0.0C 0.04
Observations 104: 262 26C 26C 261

26




1x8 forward
2004-2007% 2004 200% 200¢ 2007
Mean 2.34 2.51 2.21 2.2¢ 2.3€
Median 2.3 2.52 2.1¢ 2.2¢ 2.37
Maximum 3.58 3.58 2.61 3.17 2.5¢
Minimum 1.7z 2.0¢ 1.7¢ 1.72 2.07
Std. Dev 0.1€ 0.12 0.12 0.11 0.1
Skewnes 0.5¢ 1.67 0.21 1.65 -0.0t
Kurtosis 6.1 19.7¢ 4.3¢ 19.5¢ 2.14
Jarque-Bera 480.2: 3202.8! 23.01 3082.2¢ 8.0t
Probability 0.0C 0.0C 0.0C 0.0C 0.01
Observations 1042 262 26C 26C 261
1x9 forward
2004-2007 200 200t 200¢ 2007
Mean 2.3t 2.51 2.24 2.2¢ 2.3¢
Median 2.34 2.52 2.22 2.2 2.3¢E
Maximum 2.6 2.6 2.74 2.7€ 2.71
Minimum 1.7z 1.7¢ 1.91 172 2.11
Std. Dev 0.1€ 0.14 0.1z 0.1 0.12
Skewnes 0.3 -0.44 0.c -1.21 0.52
Kurtosis 3.23 4.2¢€ 4.84 9.64 2.5¢
Jargue-Bera 21.€ 25.8¢ 72.41 541.5¢ 14.0¢
Probability 0.0C 0.0C 0.0C 0.0C 0.0C
Observations 1042 262 26C 26C 261
5x5 forward
2004-2001 200¢ 200t 200¢ 2007
Mean 2.3 2.44 2.1¢ 2.2t 2.3
Median 2.2¢ 2.4€ 2.17 2.2¢ 2.3€
Maximum 2.6% 2.63 2.41 2.43 2.54
Minimum 2.0z 2.2t 2.0z 2.1% 2.17
Std. Dev 0.12 0.0¢ 0.07 0.0t 0.0¢
Skewnes 0.4 -0.07 0.6 0 0.1f
Kurtosis 2.3¢ 1.8¢ 2.6% 2.5¢€ 1.8
Jargue-Bera 49.€ 13.6¢ 18.7 2.0€ 16.67
Probability 0.0C 0.0C 0.0C 0.3 0.0C
Observations 1043 262 26C 26C 261
10x10 forward
2004-2007 200 200t 200¢ 2007
Mean 2.4¢ 2.7z 2.3¢ 2.3¢E 2.4t
Median 2.4¢ 2.7% 2.3€ 2.3¢ 2.4€
Maximum 2.8¢ 2.8¢ 2.6t 2.54 26
Minimum 2.21 2.44 2.21 2.2€ 2.2¢
Std. Dev 0.1¢ 0.1 0.0¢ 0.0t 0.0¢
Skewnes 0.8 -0.562 0.7 0.14 -0.1¢€
Kurtosis 2.6 2.4¢ 2.7¢ 2.5¢ 1.97
Jarque-Bera 125.8¢ 15.0% 21.9¢ 2.74 12.7¢
Probability 0.0C 0.0C 0.0C 0.2% 0.0C
Observations 1043 262 26C 26C 2€1
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Appendix 3: surprises data

Table 1: Surprises data for the Euro area, France/Ganany/Italy and the US

Euro area data National data (FR/GE/IT) US data
FORWARD-LOOKING Business climate indicator FR Chicago PMI
IFO GE
ZEW GE
EMPLOYMENT Unemployment rate FR

Unemployment rate GE

GDP FR US GDRadvance

GDPIT

GDP GE
Industrial Production IT
Industrial Production GE
Industrial Production FR

ACTIVITY

Flash HICP Consumer Price Index FR Consumer Pricex|tub
Consumer Price Index IT
Consumer Price Index GE

PRICES

WAGES Hourly wages IT

MONEY M3

INTEREST RATES ECB repo rate Fed Funds rate




Appendix 4: Unbiasedness test and frequency distriliion of survey data

We follow Joyce and Read (1999) in the method stirtg for the unbiasedness of the median foreadsts

economic indicator releases. Simple regressiotiseofype below are estimated for all data releases:

Ri,t =C+18Ci,t +£t

Where R and Ci are defined as the realization and the expectatiosensus regarding data release i
at time t, respectively. We test for unbiasednassebting the hypothesis that ¢ = 0 ghé 1, using a
Wald test to test this joint hypothesis. The resalte presented in Table 2. For the majority ofonat
data releases, the null hypothesis of unbiasedctaqoens cannot be rejected at the 5 percent lew@th
suggests that the survey expectations are of goatity] However, for a number of data releases this
assumption is rejected. See table 2 hereafter.
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Table 2: Results for the bias test
EURO AREA Constant Beta R? DW | Wald test | P-value
Flash HICP -0.28 1,136 90%| 1,73 4.23 0,01
M3 0,135 1,005| 93% 2,22 5,15 0,008
FRANCE Constant Beta R2 DW | Wald test | P-value
Business climate indicator -0,59 1,057 | 91%| 1,79 0,75 0,47
Unemployment rate -0,12 1,01 98%| 1,61 2,32 0,09
GDP 0,01 0,98 92%| 2,17 0,23 0,79
Industrial Production -0,147 0,879 48% 2,44 2,61 0,08
Consumer Price Index -0,0008 1,002| 889 2,07 0,03 0,97
GERMANY Constant Beta R2 DW | Waldtest | P-value
IFO 0,425 0,999 96% 1,71 2,38 0,109
ZEW -1,703 1,009| 91% 1,09 0,84 0,43
Industrial Production 1,126 0,746 57% 2,27 2,21 0,12
GDP -0,04 1,04 96% 2,2 1,18 0,31
Unemployment rate 0,09 0,98 97%| 1,45 0,70 0,49
Consumer Price Index 0.08 0.95 90%| 2.24 0.71 0.49
ITALY Constant Beta R? DW | Wald test | P-value
Consumer Price Index 0,124 0,932 84% 1,75 2,29 0,11
GDP 0,018 0,985| 89% 1,84 0,02 0,97
Industrial Production 0,102 1,171 61% 2,1 0,72 0,49
Hourly wages 0.009 0.99 [ 79%[ 1.94 0.003 0.99
UNITED STATE Constant Beta R2 DW | Wald test | P-value
Consumer Price Index -0,02 0,81 35%| 2,73 1,99 0,14
Chicago PMI 17,52 0,711 28% 2,34 3,27 0,04
US GDP advance -0.07 1.0007| 91% 2.02 0.63 0.53

Wald-test for constant=0 and beta=1
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Table 3: Frequency distribution of data releases

Number of data

Trading days

Trading days (in % of the total)

release(s)
0 576 54,0%
1 281 26,4%
> 0 0,0%
3 132 12,4%
4 40 3,8%
5 0 0,0%
6 18 17%
. 0 0,0%
8 15 L.a%
9 4 0,4%

Total 1066 1066
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Appendix 5: results of the estimations — BEIR

Table 4
BEIR 2012 BEIR 2015 BEIR 2032
Mean equation (1) Coeff. se Coeff. se Coeff. se
ARt-1 -0,4043 ** 00,0407 -0,4005 ** 0,0387 -0,4586 *** 0,0358
ARt-2 -0,2022 *** 00,0426 -0,2800 ** 0,0388 -0,2293 ** 0,0396
ARt-3 -0,0992 ** 0,0407 -0,1031 ** 0,0379 -0,1229 ** 0,0375
Flash HICP (EA) 0,0126 *** 0,0032 0,0090 * 0,0049 0,0082 0,0052
M3 (EA) -0,0044 0,0033 -0,0010 0,00290,0058 ** 0,0026
Business climate indicator (FR)  0,0103 * 0,0059 0,0042 0,0044 -0,0015 0,0040
Unemployment rate (FR) -0,0031 0,0039 -0,0016 0027 -0,0021 0,0036
GDP (FR) -0,0004 0,0056 0,0034 0,0091 -0,0028 ,00€®
Industrial Production (FR) 0,0069 ** 0,0030 -0,0021 0,0034 0,0058 ** 0,0026
Consumer Price Index (FR) 0,0125 *** 0,0044 0,0152 ** 00,0041 0,0068 * 0,0038
Non Farm Payroll (FR) 0,0067 * 0,0036 -0,0013 0,0082 0,0032 0,0045
IFO (DE) 0,0056 0,0039 0,0059 * 0,0032 0,0029 0,0025
ZEW (DE) -0,0026 0,0038 0,0034 0,0045 0,0010 0047
Industrial Production (DE) 0,0016 0,0062 0,0060 0,0099 0,0007 0,0058
GDP (DE) -0,0003 0,0088 0,0019 0,0107 -0,0051 ,0086
Consumer Price Index (DE) 0,0022 0,0045 0,0024 ,00Z2  0,0035 0,0036
Consumer Price Index (IT) 0,0076 * 0,0044 0,0080 0,0069 0,0074 0,0048
GDP (IT) -0,0044 0,0103 -0,0064 0,0080 -0,0011 0,0115
Industrial Production (IT) 0,0041 0,0057 0,0066  0,0046 0,0033 0,0046
Hourly wages (IT) -0,0007 0,0035 -0,0020 0,0040,0013 0,0037
Consumer Price Index (US) -0,0047 0,0037 -0,0046 0,0045 -0,0060 0,0042
Chicago PMI (US) 0,0032 0,0032 0,0009 0,0032 0280 0,0041
US GDP (US) 0,0111 ** 0,0044 0,0080 0,0066 0,0021 0,0046
Oil Futures Prices -0,0139 0,0555 0,1086 ** 0,0493 -0,0141 0,0463
Variance equation (2)
0 0,0006 *** 0,0001 -1,5942 *** 0,3175 0,0005 *** 0,0001
p1 0,0735 * 0,0387 0,8161 **0,0418 10,0428 * 0,0212
T1 0,5561 *** 0,1209 0,5513 ** 0,0561 0,5316 *** 0,1109
vy Asymetric effect (EGARCH) 0,1074 ** 0,0400
Adjusted R-squared 0,14 0,03 0,21
Log likelihood 2318,83 1652,63 2413,82
Schwarz criterion -4,09 -4,26 -4,53
Ljung-Box Q statistic (p-values) 0,47 0,74 0,61

Notes: This table presents the results for theegsjon in equations (1) and (2). The table showffictent estimatesirt bold) and standard
errors of the response of inflation compensatiata di@m the surprises. (EA) denotes euro area; (@#ptes Germany and (FR) denotes
France. */**/*** denotes significance at the 10/34 level.
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Appendix 6: results of the estimations — forward ILS rates: short-term end
Table 5
1y forward 1y forward 1y forward
1y ahead 2y ahead 3y ahead
Mean equation (1) Coeff. Se Coeff. Se Coeff. Se
ARt-1 -0,4800 *** 0,0428 -0,5249 ** 0,0413 -0,5518 *** 0,0394
ARt-2 -0,2742 *** 0,0455 -0,2689 *** 0,0467 -0,3317 *** 0,0442
ARt-3 -0,1063 ** 0,0418 -0,1220 *** 0,0434 -0,1595 ** 0,0389
Flash HICP (EA) 0,0025 0,0064 0,0084 0,0094 08D 0,0081
M3 (EA) 0,0037 0,0118 0,0036 0,0044 0,0006 09D
Business climate indicator (FR) 0,0281 *** 00,0092 0,0065 0,0104 -0,0009 0,0079
Unemployment rate (FR) -0,0027 0,0108 -0,0009 0086 -0,0130 0,0104
GDP (FR) -0,0014 0,0164 -0,0068 0,0157 -0,0061 0,0102
Industrial Production (FR) 0,0048 0,0090 -0,0001  0,0077 -0,0042 0,0061
Consumer Price Index (FR) 0,0132 0,0103 0,0052 ,0105 0,0187 ** 0,0091
Non Farm Payroll (FR) 0,0188 ** 0,0079 -0,0048 0,0082 0,0096 0,0081
IFO (DE) -0,0030 0,0070 0,0017 0,0060 -0,0033 0,0062
ZEW (DE) 0,0046 0,0070 0,0184 ** 0,0058 0,0054 0,0079
Industrial Production (DE) -0,0176 * 0,0092 -0,0028 0,0134 0,0052 0,0085
GDP (DE) 0,0002 0,0131 -0,0057 0,0139 -0,0179 0,0130
Consumer Price Index (DE) 0,0164 * 0,0099 0,0042 0,0084 0,0040 0,0096
Consumer Price Index (IT) 0,0076 0,0119 -0,0003 0,0135 0,0113 0,0090
GDP (IT) 0,0199 *** 0,0063 0,0039 0,0078 -0,0028 0,0085
Industrial Production (IT) 0,0022 0,0108 0,0028  0,0080 0,0004 0,0067
Hourly wages (IT) -0,0071 0,0071 0,0010 0,0074 0,0007 0,0093
Consumer Price Index (US) 0,0046 0,0116 0,0021 ,008D 0,0064 0,0087
Chicago PMI (US) 0,0221 ** 0,0082 0,0005 0,0095 0,0109 0,0080
US GDP (US) 0,0036 0,0111 0,0046 0,0111 0,0007 0,0114
Oil Futures Prices 0,0954 0,1275 0,1999 * 10,1149 -0,0078 0,1246
Variance equation (2)
aly 0,0028 ** (0,0005 0,0021 *+* 0,0003 0,0024 *+* 0,0004
p1 0,0895 ** 0,0305 0,0606 ** 0,0249 0,0873 ***0,0287
T1 0,5691 ** 0,0877 0,5607 *** 0,0441 0,5642 ** 0,0817
vy Asymetric effect (EGARCH)
Adjusted R-squared 0,20 0,22 0,25
Log likelihood 1591,42 1719,36 1683,59
Schwarz criterion -2,95 -3,20 -3,13
Ljung-Box Q statistic (p-values) 0,34 0,24 0,15

Notes: This table presents the results for theessyon in equations (1) and (2). The table showfficent estimatesir§ bold) and standard
errors of the response of inflation compensatiota diaom the surprises. (EA) denotes euro area; (@#fotes Germany and (FR) denotes
France. */**/*** denotes significance at the 10/34 level.
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results of the estimations — forward ILS rates: medium-term end
Table 6

Appendix 6:

1y forward 4y ahead 1y forward 5y ahead 1y forward 7y ahead

Mean equation (1) Coeff. se Coeff. se Coeff. se
ARt-1 -0,5428 *** 00,0511 -0,6155 *** 0,0337 -0,6243 *** 0,0546
ARt-2 -0,3855 *** 0,0523 -0,3224 ** 0,0370 -0,3919 *** 0,0612
ARt-3 -0,2059 ** 0,0535 -0,1955 ** 0,0314 -0,2079 ** 0,0520
Flash HICP (EA) 0,0149 0,0110 -0,0076 0,0094 ,00609 0,0166
M3 (EA) 0,0010 0,0080 -0,0056 0,0057 -0,0093 ,0166
Business climate indicator (FR) -0,0152 0,0105 ,0080 0,0056 0,0196 0,0261
Unemployment rate (FR) 0,0135 0,0117 -0,0142 ** 10,0065 -0,0298 ** 0,0141
GDP (FR) 0,0018 0,0131 -0,0037 0,0060 0,0057 ,0177
Industrial Production (FR) -0,0023 0,0147 0,0049 0,0082 -0,0073 0,0184
Consumer Price Index (FR) 0,0245 * 0,0133 0,0026 0,0076 0,0105 0,0186
Non Farm Payroll (FR) 0,0003 0,0069 -0,0034 890 0,0001 0,0157
IFO (DE) 0,0128 0,0095 -0,0024 0,0049 0,0061 ,01P8
ZEW (DE) 0,0098 0,0127 0,0020 0,0120 -0,0062 ,0203
Industrial Production (DE) -0,0081 0,0191 -0,0053  0,0069 -0,0123 0,0259
GDP (DE) -0,0040 0,0232 -0,0087 0,0120 -0,0141 0,0300
Consumer Price Index (DE) -0,0010 0,0093 0,0101 * 0,0056 -0,0012 0,0177
Consumer Price Index (IT) -0,0173 0,0125 0,0099 0,0115 -0,0018 0,0162
GDP (IT) -0,0060 0,0204 0,0093 0,0113 0,0162 ,0306
Industrial Production (IT) -0,0121 0,0103 0,0026  0,0067 0,0098 0,0293
Hourly wages (IT) -0,0039 0,0096 0,0151 ** 0,0055 -0,0180 0,0147
Consumer Price Index (US) 0,0013 0,0109 0,0079 ** 0,0067 -0,0099 0,0197
Chicago PMI (US) -0,0085 0,0093 0,0179 0,0075 ,0100 0,0148
US GDP (US) 0,0099 0,0112 -0,0092 0,0087 -Mo15 0,0190
Qil Futures Prices 0,0794 0,1633 0,1787 *** 0,0659 -0,0824 0,2508
Variance equation (2)

) 0,0030 *** 0,0005 -0,3477 *** 0,0668 0,0082 ** 0,0014
p1 0,0792 * 0,0379 0,9647 **0,0084 0,1312 ** 0,0335
T1 0,5751 ** 0,1050 0,3031 *+* 0,0396 0,5695 *** 0,0889
v Asymetric effect (EGARCH) -0,118 ** (0,029

Adjusted R-squared 0,24 0,28 0,31

Log likelihood 1521,94 1594,42 1077,01

Schwarz criterion -2,82 -2,96 -1,97

Ljung-Box Q statistic (p-values) 0,13 0,24 80,

Notes: This table presents the results for theessjon in equations (1) and (2). The table showsfictent estimatesir§ bold) and standard
errors of the response of inflation compensatiora dieom the surprises. (EA) denotes euro area; (@fotes Germany and (FR) denotes
France. */**/*** denotes significance at the 10/34 level.
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Appendix 6: results of the estimations — forward ILS rates: medium-term end

Table 7

1y forward 8y ahead 5y forward 5y ahead 10y forward 10y ahead
Mean equation (1) Coeff. se Coeff. se Coeff. se
ARt-1 -0,6859 *** 0,0573 -0,4040 *** 0,0394 -0,3815 **  0,0423
ARt-2 -0,3855 *** 0,0678 -0,2264 *** 0,0443 -0,1910 **  0,0433
ARt-3 -0,1640 *** 0,0503 -0,1312 *** 0,0425 -0,0990 ** 0,0452
Flash HICP (EA) 0,0047 0,0194 0,0049 0,0046 0290 0,0038
M3 (EA) -0,0026 0,0194 -0,0028 0,0032 -0,0018 0,0035
Business climate indicator (FR) -0,0155 0,0183 0082 0,0046 -0,0007 0,0062
Unemployment rate (FR) -0,0658 ** 0,0114 -0,0065 0,0044 0,0037 0,0035
GDP (FR) -0,0020 0,0218 -0,0012 0,0088 -0,0034  0,0070
Industrial Production (FR) 0,0056 0,0144 0,0003 0,0039 0,0014 0,0026
Consumer Price Index (FR) -0,0271 0,0231 -0,0081 * 0,0045 0,0008 0,0039
Non Farm Payroll (FR) -0,0113 0,0268 0,0013 830 -0,0019 0,0032
IFO (DE) 0,0259 ** 0,0128 0,0016 0,0029 -0,0005 0,0038
ZEW (DE) 0,0010 0,0281 0,0022 0,0043 -0,0034 ,0087
Industrial Production (DE) 0,0151 0,0194 0,0026 0,0049 -0,0033 0,0047
GDP (DE) -0,0198 0,0273 -0,0120 0,0075 0,0013 0,0087
Consumer Price Index (DE) -0,0081 0,0159 0,0001  0,0032 -0,0001 0,0040
Consumer Price Index (IT) -0,0270 0,0209 0,0019 0,0057 -0,0056 0,0049
GDP (IT) 0,0044 0,0213 0,0019 0,0058 -0,0035 ,0001
Industrial Production (IT) -0,0023 0,0228 0,0075 0,0057 0,0030 0,0050
Hourly wages (IT) 0,0270 ** 0,0108 -0,0029 0,0046 0,0043 0,0047
Consumer Price Index (US) 0,0182 0,0237 0,0019 ,004B 0,0019 0,0035
Chicago PMI (US) 0,0258 ** 0,0121 0,0120 ** 0,0037 0,0047 0,0035
US GDP (US) 0,0149 0,0261 -0,0012 0,0035 -B003 0,0060
Oil Futures Prices -0,0104 0,2643 0,0381 0,0599  0,0922 0,0575
Variance equation (2)
o 0,0082 ** 0,0013 0,0006 *** 0,0001 0,0006 ** 0,0001
p1 0,1418 ** 0,0231 0,0707 ** 0,0325 0,1007 *+* 0,0292
T1 0,5744 ** 0,0714 0,5635 *** 0,1100 0,5689 ** 0,0865
v Asymetric effect (EGARCH)
Adjusted R-squared 0,35 0,14 0,12
Log likelihood 1023,95 2355,71 2408,10
Schwarz criterion -1,87 -4,42 -4,52
Ljung-Box Q statistic (p-values) 0,94 0,76 9m),

Notes: This table presents the results for theessgon in equations (1) and (2). The table shovedficeent estimatesirf bold) and standard
errors of the response of inflation compensatida flam the surprises. (EA) denotes euro area; @8Bptes Germany and (FR) denotes France.
*[+*[*** denotes significance at the 10/5/1 % level
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Appendix 7: Rolling window parameter estimates fothe mean equatior
Charts 7.1: Rolling regression: BEIR 2012
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Elasticity of BEIR2015-rates to HICP

Charts 7.2: Rolling regression: BEIR 2015
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Charts 7.3: Rolling regression: BEIR 2032
Elasticity of BEIR2032-rates to CPI FR
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