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1. Introduction

The anchoring of inflation expectations is crititalthe conduct of monetary policy
and price stability in the economy, especially ®€Central Bank that follows an inflation-
targeting regime. For this reason, monetary auikeriaround the world seek relentlessly
reliable and appropriate indicators to monitoratifin expectations. Inflation-linked bonds
are one of the most important real-time monitorsegirces of future inflation expectations,
according to officials from the European CentranBand the Federal Reserve System,
including current chairman of the Board of Govemden Bernanke.

The use of the above mentioned bonds can be gastified: given their forward-
looking characteristic, besides a risk premiumy tineorporate investors' expectations about
future inflation. Many studies investigated andsaped the use of inflation-linked bonds to
monitor inflation expectations. Among others, we cite Hetzel (1992), Breedon (1995),
Campbell and Shiller (1996), Deacon and Andrews96)9Barr and Campbell (1997),
Kitamura (1997), Evans (1998), Emmons (2000), Jaramd Yildirim (2003), Bernanke
(2004), Buraschi and Jiltsov (2005), Hordahl et(2005), Liu and Cheng (2005), D’Amico
et al. (2006), Ang et al. (2007), Garcia and vart&i(2007), Haubrich et al. (2008) and
Grishenko and Huang (2010).

For Brazil, Vincent and Guillen (2010) analyze wier inflation-linked bonds
contain information about future inflation. To do, gshey consider a series of regressions
between realized inflation, break-even inflatioter@BEIR) — i.e., the spread between real
and nominal yields —, as well as a constant terneyTind out that BEIR is informative and
an unbiased estimator for inflation at 3 and 6 rhsiitorizons. The BEIR is also informative
when considered maturities of 24 and 30 months,elwew has no explanatory power for 12
and 18 months. According to the authors, the laickexplanatory power for intermediate
horizons can be explained, among other factorshé&yigher reward required by investors to
hold those bonds.

This reward — i.e., risk premium —, according tar€&a and van Rixtel (2007), is
basically due to two factors: the first is assamato a compensation for uncertainty about
future inflation, especially in bonds with longeraturities, while the second refers to a
compensation for liquidity. This means that ther@ icompensation for the incurred risk and
that this compensation, not necessarily, is cohsiaer time, as assumed and Vicente and
Guillen (2010).

Without those restrictive assumptions imposed bgeXie and Guillen (2010), the
present paper examines, for the Brazilian casbraék-even inflation rates extracted from
fixed income securities is an unbiased estimatatomisumer inflation rates. To accomplish
this primary objective, we allow the risk premiumdathe explanatory power of the BEIR to
vary over time. This paper also evaluates the ptiedi power of the BEIR against other
measures of inflation expectations, such as thataated from VAR models used by the
Central Bank of Brazil and estimates from the Fdsus/ey Report’'s Top5s.

The remainder of this paper is organized as follossction 2 presents the
econometric model used to meet the main objectfvthie study; section 3 offers details
about the data used and the treatment given to;tbection 4 presents the estimation results;
in section 5, we evaluate the predictive powerhef BEIR against the inflation expectations
extracted from the VAR models and the Focus SurReyort; and, finally, section 6
concludes.

2. The Model
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The model we use to assess whether break-evetionfiates are informative about
future inflation is similar to the one proposed\igente and Guillen (2010). Let"(7) and

th(r) be, respectively, continuously compounded real aathinal yields at timg to
maturity 7. The BEIR is defined as the spread between nomamékeal yields, given by:

W(7) =¥ (1) -%'(7) 1)

The annual rate of change in consumer prices betive® periods — i.e., the inflation
rate observed in that periodt-andt + 7, for example, is given bh[(r):

t+7-1

h(1)=, Zh(2) @

The information content of the BEIR can be assesaedording to Vicente and
Guillen (2010), by estimating the following equatio

h(7)=c +ci (1) +¢, (3)

If c; is nonzero, the BEIR contains information aboutifel inflation. Furthermore,

if c; is equal to one and; is zero, the BEIR is an unbiased estimator offtigre inflation.
Intuitively, it is easy to verify this relationshifpo do so, we simply rewrite the equation (3)
for future inflation: the spread between nominad agal yields will be equal to the expected
future inflation plus a compensation for the ineafrisk.

However, as mentioned earlier, we wish to estim@)e without imposing any
restrictions on the risk premium, since there iglence that it might not be constant over
time, as suggested by Grishchenko and Huang (201@®.coefficient associated with the
BEIR is not necessarily constant over time as ael, thus, we also allow it to be time-
varying. To do so, we have to estimate the follgrggstem:

h(7)=c +ci(7)+e,
Cl =Cliy +1), (4)

T — AT
C2,t - Cz,t—l + Zt

The system described in (4) will be estimated by ialman Filter, so it must be
rewritten in a state space representation. The une@ent equation (5), relates the vector of
observations with the state vector, the explanatanable and the measurement error, while
the transition equation (6) describes the dynamidhe state variables, in the form of a first-
order difference equation in the state vector:

1

(h(n)]=let ] L(T)j[a] ©)
HiA
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Concisely, the objective of the Kalman filter isrecursively obtain the conditional
distribution of the states, given the model anddata. Considering that the variances of the
innovations are not directly observable, the procedtarts in its estimation. First, through a
numerical procedure that guarantees positivity vilmeances of the innovations are estimated
by maximum likelihood. In addition to the varianeadgnnovations, we also get the vector of
filtered states and its covariance matrix. To obtdie smoothed state vector and the
associated covariance matrix, we apply the Kalnilgar backwards, finishing the estimation
procedure.

3. The Data

The database we used consists of monthly serie®minal and real yields for the
period of January 2005 to January 2010, extracted the ANBIMA website — the Brazilian
Association of Investment Banks and Financial Maidketitutions. The term structure of
nominal interest rates is extracted from the yiediSNTN-Fs and LTNs, issued by the
National Treasury. The face value of an NTN-F is R$00.00, with a semiannual coupon
payment of R$ 48.81. The LTN is a zero-coupon baitt face value of R$ 1,000.00. We
use the model of Svensson (1994) to adjust thd gielve for the desired maturities.

The term structure of real interest rates is alsit lising the model of Svensson
(1994). However, the curve is adjusted using NTN-Bthe main class of inflation-linked
bonds issued by the National Treasury. The yieldroNTN-B is determined by the IPCA,
the consumer price index adopted in the inflatemgyéting regime by the Central Bank of
Brazil. It is worthy noticing that NTN-Bs do notvethe problem of indexation lag, as in the
TIPS market, since interest is paid based on theculevel of the IPCA, available with a
lag not greater than 15 days. Although the NTN-Bs iasued since 2001, we began our
database in January 2005, to avoid liquidity profde

The estimation of the term structure of zero-coupuifation-indexed bonds and
corresponding BEIRs to Brazil present two main adizges in comparison with the measures
discussed earlier in this article. First, it allothe estimation of a time series of real interest
rates and BEIRs with fixed maturities, which is tgadarly useful when analyzing their
evolution over a relatively long period of time. disecond, the calculation of equivalent
zero-coupon yields allows us to avoid potentialatisons related to different durations in the
securities used to compute the BEIRs. Such distwstare related to differences in the cash
flow structures of inflation-linked bonds and nowlibbonds.

Nonetheless, the estimation of term structure®fazil requires the solution of some
technical problems related to the small number whilable inflation-indexed bonds,
particularly for shorter maturities. Despite thgnsficant market growth of inflation-linked
bonds in recent years, there are still some limitatin this regard. As mentioned previously,
to estimate comparable term structures of nomindlraal yields to the Brazilian market, we
use the parametric approach proposed by Svens€®4)(1This method assumes that the

zero-coupon yield to maturity, y(T), is specified by the following functional form:

y(T) 2181+,82 (1;/1#]4',83[1_ eT1T _e/llrj+lg4[l—erzr _e/lzrj (7)

et g”

The parameter@,, £,, 5;, B, and A can be estimated by minimizing the difference

between bond prices implied by the functional foend observed bond prices. This
methodology is applied to the estimation of complranominal and real yield curves,
generating BEIRs with fixed maturities.
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The Brazilian market for inflation-linked bondsase of the largest worldwide, with
over US$ 200 billion in NTN-Bs in circulation. Thaverage maturity of NTN-Bs is
approximately six years. The Brazilian market fieefl income securities is also significant.
The LTNs and NTN-Fs have around US$ 155 billion &x&$ 126 billion in circulation, with
average maturities of 12 months and 30 months céispgy.

Table 1 — Descriptive Statistics

Maturities (Months) Mean g:‘::t?gg Max. Min. Asymmetry  Kurtosis Jarque-Bera Correlation ACF1
3 4.96% 1.25% 10.39% 3.20% 2.07 3.31 5.13 0.32 0.67
6 5.06% 1.64% 11.67% 2.68% 2.17 5.23 23.21 0.30 0.76
9 4.92% 1.54% 10.92% 2.93% 2.06 4.81 22.49 0.35 0.78
12 4.80% 1.38% 10.12% 3.20% 2.03 5.17 32.58 0.36 0.79
15 4.75% 1.26% 9.48% 3.23% 1.92 5.37 30.05 0.37 0.79
18 4.76% 1.19% 9.01% 3.22% 1.77 5.27 27.52 0.37 0.80
24 4.87% 1.12% 8.38% 3.25% 1.38 4.42 20.31 0.36 0.80
30 4.95% 1.14% 8.00% 3.32% 1.12 3.90 9.72 0.35 0.84
36 5.00% 1.20% 7.78% 3.39% 1.00 3.73 6.37 0.31 0.85
CPI 4.89% 2.77% 10.95% -2.49% 0.01 2.97 0.04 1.00 0.55
Level 6.83% 1.17% 9.76% 5.50% 1.20 4.39 17.11 -0.04 0.90
Slope 0.17% 3.27% 9.69% -6.82% 0.10 3.16 0.45 0.12 0.43

Table 1 presents some descriptive statistics oBtEiRs and the IPCA — henceforth,
for simplicity, CPI. The average CPI for all honmois about 4.9%. Both BEIRs and inflation
are leptokurtic, with positive asymmetry, i.e., dotails on the right. The Jarque-Bera statistic
indicates that BEIR for 3 months horizon and thé g#pear to be normally distributed. This
is an indication of the predictive power of the BElor short horizons. This evidence is
confirmed in the empirical exercise conducted ictise 4. The correlation coefficients
between realized inflation and BEIRs are positivedll analyzed horizons.

The autocorrelation coefficients with one-month liaglicate high persistence of
BEIRs for all maturities, with all the autoregressicoefficients above 0.65. In the last two
lines of table 1, we present the descriptive stetisof the level and slope of the estimated
term structure for the BEIRs. The average leveb.B3%, showing high persistence. The
slope factor has positive average, with autoregresoefficient of 0.43.

Figure 1 depicts the evolution of the BEIRs andatndn over time, for the period of
January 2005 to January 2011. It is important tie tioat the term structure of the BEIRS is
almost always positively sloped. However, the BEHRd the CPI do not exhibit any trend.

Figure 1 — Evolution of the BEIRs and Inflation
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4. Estimation and Results
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After estimating the comparable nominal and realdycurves with fixed maturities,
using the model of Svensson (1994) and methodalieggribed in the previous section, the
BEIRs were computed and the system representethébedquations in (4) estimated. The
system has been estimated by the Kalman filteHdavats coefficients to vary over time and,
thus, not impose any restrictions on the risk prtemand the coefficient associated with the
BEIRs. As a robustness test of the results, we h#seestimated a version of the system in
equations (4) without time-varying coefficientsyegn by equation (3), by ordinary least
squares.

Table 2 — Kalman Filter and Ordinary Least SquaresEstimates
State Space - Kalman Filter

3 6 9 12 15 18 24 30 36
cl 0.0341*  0.0380**  0.0414**  0.0363**  0.0546**  0.0522** 0832** 0.0519**  0.0535**
c2 0.6331**  0.2002**  0.1561** 0.2665 0.0344 -0.0161* -0.08% -0.0396** -0.0568**

Ordinary Least Squares

3 6 9 12 15 18 24 30 36
cl 0.0203**  0.0356**  0.0384**  0.0402**  0.0465**  0.0531** 0890** 0.0616**  0.0584**
c2 0.5781*  0.2311* 0.1792* 0.1462 0.0073 -0.1397  -0.2444*-0.2813**  -0.2042**

* énd ** denole significance at 5% &énd 1%, rispectively.

Table 2 shows the estimated coefficients by therigal filter, in the smoothed final
state, and by ordinary least squares. Overallrdbelts are similar for all maturities, both in
magnitude of the estimated coefficients, as inistieal significance of these coefficients.
Considering the results obtained by the estimatdnstate space representation, the
coefficients associated with the BEIRs proved t@bsitive and statistically significant for 3,
6 and 9 months. This means that, for these masfitSEIR brings relevant information
about future inflation.

For 12 and 15 months, the coefficients associatiétdl tive BEIR are not statistically
significant, while for 18, 24, 30 and 36 monthse ttoefficients, though significant, are
negative. This negative relationship for longer uméies, according to Vincent and Guillen
(2010), implies that the expectations hypothesissdaot apply in the long term and, thus,
equation (3) may not be adequate to explain thetiogiship between inflation and BEIR.
One possible solution to this problem, accordingtite authors, would be to relax the
assumption of constant risk premium. The relaxatibthis hypothesis has been considered
in the system described in (4), estimated by thémka filter, and yet, the coefficients
associated with the BEIRs remained negative for28,30 and 36 months. This means that
the relationship between inflation and BEIR carhlggly complex.

The constant term, representing the compensatiothéoincurred risk, is statistically
different from zero — though very close to thatueal for all maturities. It is noteworthy,
however, that, when estimated by the Kalman filtee, system in (4) generated time-varying
risk premium for some maturities, such as 15, 283D and 36 months.

Figure 2 — Risk Premium, Smoothed States
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Since, for almost all maturities, the BEIR carnie®rmation about future inflation, it
becomes interesting to assess whether it can beidevad an unbiased estimator for

inflation. For this to be true, it is necessarytthaintly, ¢, =0 andc, =1. We performed,
then, a F-test to assess the validity of this hygsis for each of the maturities considered.

Table 3 — F-Statistics forc/ =0 and c; =1
F-Statistics
3 6 9 12 15 18 24 30 36
0.1230** 0.0000  0.0000  0.0000  0.0000 0.0000  0.0000  0.0000.0000

c1=0
c2=1

* ¢nd ** denole significance at 5% «nd 1%, rispectively.

According to Table 3, we can conclude that the BEIRin unbiased estimator for
inflation only for the maturity of three months.rFather maturities — 6, 9, 12, 15, 18, 24, 30
and 36 months — when the BEIR bring relevant inftian about inflation, it does in a
biased fashion.
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5. The Predictive Power of the BEIR

We showed in the previous section that the BEIRdrelevant information about
future inflation and that it may be considered arbiased estimator of inflation for the
maturity of three months. The natural extensiontlo$ result is exactly the secondary
objective of this study: to determine the predietpower of the BEIR against other measures
of inflation expectations, such as those extradteth Focus Survey Report and the VAR
models of the Central Bank of Brazil.

The choice of inflation expectations extracted friira Focus Survey Report can be
easily justified by its availability, since it is faee access publication, coverage, since it
presents expectations from about 90 banks and inandial businesses, and weekly
publication, with the results of research conductaily. Specifically for the purpose of our
work, we considered the median expectation for @RI, extracted from the Top5
institutions. The Top5s are the five best forecasinstitutions among the participants of the
Focus Survey Report. The choice of institutionshia medium-term rank rather than in the
short-term rank is due to the forecast horizon tamed for classification. The short-term
rank considerers only one-month ahead forecastdle wine medium-term rank considers
four-months ahead forecasts. This means that tsiumnons ranked in the medium-term
Top5s have developed more robust models for lotiger horizons.

The use of VAR models for the exercise proposethis section can also be easily
justified: the Central Bank of Brazil, as well aamy of its international peers, uses VAR
models for analysis and inflation-forecasting. hie tase of the Brazilian monetary authority,
VAR models were introduced to the analysis procafier the implementation of the
inflation-targeting regime, in June 1999. These el®dvere reviewed over the past years,
still constituting an important part of the decisimaking process of the Monetary Policy
Committee of the Central Bank of Brazil. In additio/AR models impose few restrictions
on the structure of the economy. We have to chdossically, the variables to be used and
the lags, all the rest is determined by the modkis is a desirable feature in the kind of
exercise we proposed in this section, since it ceduthe degree of subjectivity in the
analysis.

The VAR models of the Central Bank of Brazil areidéd, essentially, into two
major groups: models with economic fundamentals punebly statistical models. Because
they do not have economic restrictions — in thertsbo long-term — the purely statistical
VAR models were not considered in our analysis. Aghdhe models with economic
fundamentals, only those on a monthly basis wensidered, to allow comparison with the
predictions of the BEIRs, and were estimated inraitional, non-Bayesian, fashion.
Therefore, we have estimated only three VAR models:

Table 4 — The VAR Models of the Central Bank of Brail

Seasonally

Model Endogenous Variables Ajusted Lags
VAR Inflation, Exchange Rate and Real Interest Rate Yes 2
VAR Inflation, Exchange Rate, Nominal Interest Rate, Industrial Primfuahd Monetary Aggregate Yes 6
VAR 111 Inflation, Exchange Rate and Industrial Production No 1

In the estimation of the VAR models, we used thé fGPinflation, unlike the Central
Bank, that estimates market and monitored pricparagely. The purpose of this amendment
is to avoid introducing subjectivity in the analysin addition to the CPI, we used: the
BRL/USD exchange rate (PTAX), end of period; thécSate (% p.a.), as hominal interest
rate; the inflation measured by the IGP-DI — a Bi@z general price index —, deducted from
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the Selic rate (% p.a.) as real interest rate; stréal production seasonally adjusted; and,
finally, M1 as the monetary aggregate. The exercesidered, as well, the average of
forecasts from the VAR models. The comparison efftrecast errors for different maturities
and models is presented in the following table:

Table 5 — Prediction Errors
Mean SquareError (Square Root)

3 6 9 12 15 18 24 30 36
BEIR 2.18 1.93 1.66 151 154 1.55 1.50 1.50 1.46
VAR 3.56 3.17 3.22 3.32 3.43 3.49 3.52 3.34 3.34
VARII 4.08 3.93 3.32 2.96 2.88 291 3.08 3.42 3.54
VAR 111 2.85 2.97 2.96 3.02 3.19 3.34 3.37 3.44 3.51
Average VARs 2.74 2.73 2.58 2.55 2.58 2.58 2.48 2.35 2.29
Top5s 1.97 1.44 1.26 1.23 - - - - -

From Table 5, we conclude that the medium-term §gp®sent the lowest inflation
forecasting error. The predictions from the Togbs,most of the sample, were performed
only for 12 months ahead — because of a limitaitiothe expectation's system of the Central
Bank of Brazil —, limiting the comparison to thaturities of 15, 18, 24, 30 and 36 months.
For these maturities, the BEIRs show greater acgutaan the VAR models. The best result
for the VAR models was generated by the averagé?dt |, VAR Il and VAR Il forecasts.

This is an important result, because it suggeststtie BEIRs outperform the VAR
models considered — individually or their average +flation forecasting, measured by the
CPI, at all maturities. The medium-term Top5s hake smallest forecasting errors,
outperforming the projections generated by bothBB&Rs and VAR models. This result, to
some extent, was expected, since the Top5s usarttisther VAR models, as well as more
complex models, such as structural VAR modelsctiral macroeconomic models, among
others.

6. Conclusion

The present paper aimed to evaluate, for the Baazdase, if break-even inflation
rates bring relevant information about future infla, without the restrictive assumptions
commonly imposed by the literature. We proposedirarovative way to estimate this
relationship, by the Kalman filter, to allow thekipremium and the explanatory power of the
BEIR to vary over time.

Our estimations suggested that the BEIR carriesrnmdtion about future inflation.
The coefficients associated with the BEIRs werdtpesand statistically significant for 3, 6
and 9 months. For 12 and 15 months, the coeffisiassociated with the BEIRs were not
significant, while for 18, 24, 30 and 36 monthsg ttoefficients, though significant, were
negative. The risk premium, represented by the teohsterm, was estimated to be
statistically different from zero and very close tois value for all maturities. The
compensation for incurred risk was time-varying $ome to maturities, such as 15, 18, 24,
30 and 36 months.

We also evaluated if the BEIR could be consideraeduabiased estimator for
inflation. For this to be true, it was necessawt thpintly, the constant was equal to zero and
the coefficient associated with the BEIR equal matyu We performed a F-test to assess the
validity of this hypothesis for each of the matiest concluding that the BEIR may be
considered an unbiased estimator for inflation dohthe maturity of three months.

Finally, we evaluated the predictive power of thElBs against other measures of
inflation expectations, such as those extracteoh AR models used by the Central Bank of
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Brazil and estimates from the Focus Survey Repdijs5s. Our estimates indicated that the
forecasts generated from the BEIRs showed higheuracy than those obtained from the
VAR models. These projections, however, underperéal those from the Top5s.
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