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Sumario

Este paper realiza um estudo empirico do processo de formagdo das expectativas
inflaciondrias a partir dos dados do mercado futuro de OTN/BTN entre agosto de
1987 ¢ margo de 1990. Os dados oriundos do mercado de OTN/BTN sio proxvs
menos sujeitas a ruidos das expectativas inflaciondrias do que aquelas encontradas na
literatura, baseadas em dados da inflagdo ocorrida, pesquisas de expectativas
inflaciondrias ou em retornos de ativos financeiros. Desenvolve-se um modelo de
aprecamento de ativos a la Lucas (1978), o qual demonstra que mesmo sob
indiferenga ao risco estes precos futuros ndo seguem um processo estocastico
martingale, e que a regressdo do prego do préximo dia no prego corrente deve gerar
um coeficiente maior que 1. Testes para identifica¢io de raizes unitirias rejeitam esta
hipétese, sugerindo que aversao ao risco € uma melhor caracteriza¢do deste mercado.
Também se rejeita a existéncia de um martingale. Dada a existéncia de contratos de
diferentes maturidades num mesmo dia é possivel se extrair a expectativa
inflacionaria para meses futuros. A reag¢do conjunta dessas expectativas a novas
informagdes possibilita a execugdo de testes sobre a estrutura estocdstica da inflagio
esperada. Inércia inflaciondria corresponde 4 existéncia de uma raiz unitdria na série
de expectativas num dado dia das infla¢des para meses sucessivos. Os testes mostram
que expectativas inflaciondrias contém uma raiz unitéria para o periodo “bem-
comportado” dos dltimos 4 meses de 1987, mas que tal nio mais ocorre quando se
testa o periodo completo em que o mercado de OTN existiu. Este resultado é curioso
dada a continua elevagdo da inflagdo no periodo. Outro resultado paradoxal é o fato
de ter-se encontrado evidéncia mais forte da existéncia de uma raiz unitiria na Gltima
quinzena do més, quando todos os dados para o cilculo do indice de precos relevante
para o contrato mais proximo jd haviam sido coletados. Obteve-se evidéncia fraca que
decréscimos na inflagdo seriam percebidos como transitérios, enquanto que
acréscimos seriam percebidos como permanentes. Ao final, varias extensdes deste
paper sao alinhavadas.

ABSTRACT

This paper examines the formation of inflation expectations in Brazil by exploring the
data from the futures market for the price level (OTN/BTN futures market) from
August, 1987 to March 1990. These data are uniquely suited for this purpose,
providing a basis for more precisely defined statistical tests than the existing ones in
the literature, which rely on actual inflation data, inflation forecasts surveys or other
financial assets. An asset pricing model 4 la Lucas (1978) is developed. This model
shows that even under risk neutrality these futures prices do not follow a martingale,
and that a regression of one day ahead futures price on the current futures price
should generate a coefficient greater than 1. Unit root tests reject this hypothesis,
suggesting that risk aversion is a better characterization of this Brazilian market. The
martingale hypothesis is also rejected. The existence of contracts with subsequent
maturity dates on any given day makes possible the extraction of inflation
expectations for future months. How these expectations jointly react to shocks to the
economy provides a basis for tests of the stochastic structure of expected inflation.
The tests show that expected inflation has a unit root for the “well-behaved” period of
the last 4 months of 1987, but this is no longer true when the full-sample of the OTN
futures market is used. This result is somewhat paradoxical because actual inflation
was growing towards hyperinflation throughout the whole period. A second paradox
is that tests also found better support for the existence of the unit root in the last
fortnight of each month, when all the data for computing the price level for the nearby
contract has already been gathered. Weak evidence was found that negative shocks to
inflation are perceived as transitorv. while the positive shocks are seen as permanent.



1. INTRODUCTION®

The formation of inflation expectations is a central question in both macroeconomics
and finance. In several important rational expectations macroeconomic models the
existence of unbiased inflation expectations is a requisite to obtain the neutrality of
monetary policy (Lucas, 1973, 1975; Barro, 1980). An important question in finance
is whether markets successfully aggregate private information. The main goal of this
paper is to address the question of how inflation expectations are formed by looking
at a dataset uniquely suited to this purpose. The existence in Brazil of a futures
market for the price level allows a direct analysis into the process of how inflation
expectations are formed, because in this market the futures price is essentially
determined by inflation expectations. Other determinants of assets’ prices, e.g.,
expected real interest rates, are far less important in the determination of this futures
price. Being less affected by this unavoidable noise, these Brazilian data shall provide
a basis for more precisely defined statistical tests than the existing ones, which rely on
the returns of nominal (Hamilton, 1985; Huizinga and Mishkin, 1984) and indexed
securities (Huberman and Schwert, 1985; Woodward, 1990). The tests based on this
futures market data are also superior to those based on actual inflation data or surveys
of inflation expectations. Actual inflation data contain forecast errors, which decrease
the power of tests regarding expected inflation. Also, survey data are flawed by the
fact that, unlike futures prices data, agents do not commit resources to back their
forecasts.

A futures market for the price level has existed in Brazil since 1987. This
market trades futures contracts which are valued through an official index (OTN:

Obrigagoes do Tesouro Nacional; and later BTN: Bénus do Tesouro Nacional).
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Before the current administration took office, this index was updated according to the
evolution of the consumer price index (IPC). The IPC, usually announced on the last
day of the month, is an average of the 4 weekly price levels between the 16th of the
previous month and the 15th of the current month. Agents trade on the future value of
this index. Much before this futures market began operating, there were markets in
Brazil for securities indexed to inflation, as well a huge daily overnight market with
repurchasement agreements.

This paper uses the Brazilian dataset to undertake several tests. Section 2
develops a simple asset pricing model in the tradition of Lucas (1978). Since the
sequence of futures prices may be seen as a sequence of forecasts at different dates of
the same event, it is tempting to conclude that the futures prices follow a martingale
stochastic process,! i.e., that the futures price at ¢ is the expected value at ¢ of the
futures price at t+1. The model of Section 2 shows that, even if risk neutrality is
assumed, the daily sequence of futures prices (settlement prices) does not necessarily
follow a martingale. This result comes from the unpredictability of the purchasing
power of money, as shown by Frenkel and Razin (1980) when studying the efficiency
of forward exchange rates markets. The main implication of the model is that, under
risk neutrality, the futures price systematically underestimates the expected price
level. This downward bias decreases gradually as the contract’s maturity approaches,
and the uncertainty about the future price level declines. This, in turn, implies that
unit roots tests should not reject the existence of a unit root in the futures price series.

Section 3 presents an econometric investigation of the existence of a unit root
in the futures price level data. Results indicate that the futures price does not have a
unit root, and therefore does not follow a martingale. These results imply that risk
aversion may play an important role in the determination of the futures price.

Section 4 uses the term structure of the futures contracts for the price level to

infer the stochastic structure of the expected inflation process. On any given day,

I The martingale model is originally due to Samuelson (1965).



several futures contracts maturing at the end of subsequent months are traded. These
contracts pay off according to the price level at the end of the previous month. If P,

is the price level at ¢, and &t,, | the inflation rate between ¢ and r+1, then P, ; =

(1+m,,1) P,. Hence, if an informational shock to the economy raises net .1 by 1 percent,

€

P,,, will also rise by 1 percent. What happens to the subsequent expected prices,

Pf+2, Pi+3, ..., will depend on the stochastic process followed by expected inflation.

For example, if expected inflation follows a martingale difference, that is, if price
increases today do not imply further price increases or decreases in the future, an
increase of 1 percent in Pf .1 1s associated with a 1 percent increase in all expected
future price levels, P‘; 420 P:+3, and so on. At the other extreme, if expected inflation

follows a martingale, that is, a price increase today implies a similar price increase in

the future, an increase of 1 percent in Pf +1 18 associated with a 2 percent increase in

(4

P, 5, 3 percent in Pf +3- and so on. The existence of overlapping futures contracts on

t
the price level of subsequent monthly maturities makes it possible to perform
precisely defined tests about the stochastic process of expected inflation, because, as
already mentioned, these data are less susceptible to the extraneous noise that
inevitably affects financial assets’ prices.

Finally, Section 5 summarizes the main findings of the paper and suggests

some points for further research.



2. AN ASSET PRICING MODEL FOR THE PRICE LEVEL FUTURES
MARKET

This section presents an asset pricing model following Lucas (1978). Within the
Lucas framework, the main assumption of this model is risk neutrality. This
assumption is believed to be a reasonable one for the market analyzed here, given that
only financial institutions trade in the OTN/BTN futures market. These institutions
usually have very good technical staff and operate in this market either to speculate or
to hedge their operations with indexed and non-indexed securities. Many of these
institutions collect price data themselves in order to outguess the Brazilian agency
which computes the IPC.2 Given the risky nature of these institutions’ activities,
doing away with risk aversion may not be a bad approximation. The assumption of
risk neutrality generates a testable implication which is tested in Section 3.

The first simplifying assumption is to neglect the differences between futures
and forward prices. A futures contract differs from a forward contract maturing on the
same date because the former is marked to market, i.e., payments between the parties,
called resettlements,? are made daily depending on the variations in the futures prices
(for a full characterization of the relation between futures and forward prices, see
Cox, Ingersoll, and Ross, 1981). Empirical evidence suggests that these two
speculative prices are not very different (Cornell and Reinganum, 1981; Hodrick and
Srivastava, 1987).

A standard asset pricing model in which a representative agent intertemporally

maximizes utility, gives the following pricing equation? :

2 The IPC (Indice de Pregos ao Consumidor — Consumer Price Index) is computed by the Fundagio
Instituto Brasileiro de Geografia ¢ Estatistica IBGE). The IPC’s monthly variation (inflation rate)
reflects the consumption basket price change of families with incomes from 1 to 8 times the
minimum wage (approximately from US$ 60 to US$ 480 a month). The data are collected,
approximately, between the 16th of the previous month and the 15th of the current month. The
IPC is announced on the last days of the month. The price data is collected in nine Brazilian state
capitals and in Brasilia (Banco Central do Brasil, 1990).

“The process of collecting and paying variation margin is called resettlement” (Duffie, 1989, p.
12).

4 For references on the derivation of a similar pricing equation, see Hodrick and Srivastava (1987).

("]
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where U’(\) = marginal utility;

C, = consumption at date ¢,

Sy = spot price at the maturity date T,

F, 1= futures price at date 7 of a contract maturing at date T

Pr = price level at date T4

The intuition behind equation (1) is the following. A futures contract has zero
marginal cost (left-hand side of equation (1)). The expected marginal benefit of its
payoff at the maturity date, (Sy- F, 7) is given by the right-hand side of equation (1).
The other terms on the right-hand side of equation (1) may be interpreted as a present
value operator that converts dollar payoffs at date T into dollar values at date ¢
(Hodrick and Srivastava, 1987). From equation (1), noting that the spot price at the

maturity date, St, is the price level announced at that date, Py, the futures price at r of

the price level at T is given by equation (2).

1
FLT= (2)

Cov (U'(Cp),1/Pyp)
E(1IPr)+ — )

When risk neutrality is assumed, the risk premium represented by the

conditional covariance term vanishes, and equation (2) is turned into equation (2a).

: 1- E( Pr)E(1/Py) Cov (Pr.1/Pp)
F,_T=E'(1/PT)=E,(PT)+ Er(I/PT) =E'(PT)+W (2a)

4 The relevant variable is the price level at day T which is different from the price index announced
by the government at 7. Py is a non-linear transformation of the daily price levels. Assuming
inflation can be linearly approximated within its measurement period, P7ri30 i1s a good
approximation for the price level at T. The effects derived below still go through if this
approximation is used.



By Jensen's inequality, the second term on the right-hand side of equation (2a)
is non-positive ( E(1/Py) 2 [1/ E{Pp)] ). Therefore, one implication of this model is
that the futures price tends to underestimate the expected value of the price level.5
The downward bias is given by the second term on the right-hand side of equation
(2a). If this downward bias is not constant over time, daily futures prices will not
follow a martingale process even under risk neutrality.

In equation (2), in which derivation risk neutrality is not assumed, the
downward bias may be offset by a negative conditional covariance. Intuitively, under
risk neutrality, the downward bias is created by the fact that movements from the
expected price level to lower price levels generate a much greater gain than the loss
generated by moving from the expected price level to higher price levels. However, if
greater marginal utility is obtained at high price levels than at low price levels, this
downward bias can be offset or transformed in an upward bias. For this to be true,
inflation must be a risk; that is, the endowment process must be such that the
representative agent has a greater marginal utility of consumption when inflation is
high.

I now focus on how this downward bias evolves over time. Expanding (1 / Pp)
in a Taylor series around E,(Py), taking expected values, and neglecting the Lagrange

form of the remainder after the second moment, equation (3) is obtained.

5 The intuition behind this result is better understood by means of an example. Suppose the
distribution of the price level at date T is binomial: Py may equal either .5 or 1.5 with probability
1/2. The expected price level is therefore 1. The value at r (P, = 1) for a risk-neutral investor
(with B=1) of a US$ 1.00 payment at T is US$ 1.33. In other words, the implicit deflator used was
0.75. which underestimates the expected price level of 1. This example shows that, in the
calculation of the implicit deflator, the low price levels in the distribution carry more weight than
the higher ones, because of the non-linear way prices enter in this calculation. To be sure, in the
example above, the gain for the investor of moving from the expected Py of 1 to the low Pyof .5 is
much greater than the loss of moving from the Py of 1 to the high Py of 1.5. Another way to
appreciate this non-linearity is to remember that prices may not fall below 0, but are unbound
upward.
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Simulations showed that for the time horizons involved in this study (at most
two months) this is an acceptable approximation. Substituting equation (3) into

equation (2a) gives equation (4).

Var,(PT) Vart(PT)
Ft.TzE’(PT) 1- (E,(PT))2+VM,(PT) =E'(PT) 1- Er(PTz) (4)

It is not straightforward to test this model because one cannot observe the
daily stochastic process of prices, which the conditional expectation and variance of
Pt depend upon. The only observable variable is Py itself, which has a monthly
frequency. Other variables with frequencies higher than monthly are available to the
econometrician and were probably used by agents to forecast P7. These observable
variables could be used in a Kalman filter framework to uncover E{(P7) and Var(Py).

An alternative route to test the model is provided by one testable implication
of equations (2a) or (4). This implication is better understood by examining the
middle expression in equation (4). The expression for the downward bias depends on
the conditional expectation and variance of Pr. A mean preserving spread increases
the downward bias. As maturity approaches and more information about inflation is
revealed, Var(P7) declines and the futures price converges from below to E(Pp).
Therefore, in a large sample, a regression of the futures price on itself lagged once
must generate a coefficient greater than 1. This is because of the upward convergence
of F, rto E(Pr), which equals Py at the maturity date r=7. Formally, in regression

(5) below, for each contract, &, converges to 1 from below.

Frar=oFr+g (5)



XF,, F
Therefore, E ——%L > 1. As the number of contracts grows large, the
XF
1T

time invariant estimate of o, should be greater than 1. A natural way to test this
hypothesis is to use unit root tests, because they are one-sided tests. If the null
hypothesis of a unit root is rejected, so is the Lucas model with risk neutrality.

The next section tests whether or not the series of daily futures prices has a
unit root. If it does indeed have a unit root, one would be interested in testing whether
the futures price is a martingale, which could be the case if the downward bias in
equations (2a) or (4) is negligible or approximately constant over time. The

martingale tests are also presented in the next section.
3. TESTS FOR THE MARTINGALE HYPOTHESIS AND FOR A UNIT ROOT

This section presents several econometric tests for the existence of a unit root in the
futures price series and for the hypothesis that the daily futures price is a martingale.
The large sample justification of the tests can be found in Hodrick and Srivastava

(1987). The martingale null hypothesis is:

EfFp=Fr

The dataset for this test is composed of 21 contracts. To make clear how the
dataset was constructed, only the first 15 futures contracts for the OTN are used in the
charts. This is because after this 15-month-period a monetary reform (Plano Verio)
took place, and indexation was outlawed. With the failure of the Plano Verao,
indexation resumed and so did the trade in the futures market for the official index,
then renamed BTN. Six more contracts of this later period are included in the dataset.
After March, 1991, the trade in this market was significantly disrupted by another

stabilization plan (the first Collor plan).

(6)



Figure 1 shows a typical contract in this futures market. The x-axis represents
the number of calendar days before the maturity date, in this case, November 1, 1988.
The value in Cz$ of the ex post OTN was normalized to equal 100, so that the over-
or underestimation of the true price level given by the futures prices (the line in
Figure 1) can be readily assessed. The bars represent the volume in Cz$ of open
contracts at each given date. This is a measure of how much risk is changing hands
through this market. The peak in the value of open contracts is around US$ 75
million. This contract was traded for the first time on June 15, 1988. However, trade
was very thin until approximately three months before maturity. As inflation
escalated, trade became increasingly thin for all open contracts except the nearby
contract.6

To guard against the criticism that the futures price data early in the contract
are not representative of the market, I decided to use only the last 40 observations of
each contract (covering approximately two calendar months). Figure 2 shows the
observations that are used in the estimation. Note that for each date there are usually
two observations from two different contracts. Each segment is a sequence of 40
“forecasts” of the true price level. To obtain the price level curve in Figure 2, one has
merely to link the end points of each segment.

The dataset used in the empirical work is created by appending the farthest
observation to maturity (the 40th observation) of a contract to the observation on the
maturity day of the previous contract. Figure 3 shows the resulting picture. Note that
the x-axis no longer contains dates; the data used in the tests are no longer time-series
data.

One cannot undertake tests with the data shown in Figure 3, because the
futures prices of a given contract are not comparable to the futures prices of a
different contract. In order to render the data homogeneous, alternative methods were

used. The first one was to subtract from each daily settlement price the observed

6 The nearby contract is *... the contract with the earliest delivery date, [and is] often the most
actively traded...” (Duffie, 1989, p. 23).
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mean for that contract. The result was then divided either by the mean of that contract
or by its standard deviation. These latter normalizations were conceived to ensure the
homoskedasticity of the data. Figure 4 shows the resulting series when the standard
deviation is used as the normalization factor. In this chart the contracts for the BTN
from October 89 to March 90 are also included. After every 40 observations in Figure
4 there i1s a change of contract (at observations 41, 81, 121, etc.). Therefore, the
“jumps” on the series when the contracts are changing do not represent ordinary price
movements in the series. There are 840 observations (21 contracts and 40
observations per contract).

The other way to ensure homogeneity was to first-difference the data. Note
that this will generate 39 observations per contract, or 39 x 21 = 819 total
observations. The first-differenced data were then divided either by the mean per
contract or the standard deviation per contract to induce homoskedasticity.

In both cases, when the normalization factor used was the standard deviation,
a more homoskedastic series resulted. The normalization by the mean tended to
excessively damp the fluctuations of the latter contracts in Figure 3. Therefore, results
will only be reported for the former normalization. Nevertheless, the use of the series

normalized by the mean did not change the tests’ results.
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The notation used here is the following:7

¥re1 = (Fy4p 7- mean per contract) / standard deviation per contract;
X, = (F,r- mean per contract) / standard deviation per contract;
Avy = (Fyyy 7~ F, p) / standard deviation per contract;

Ax, =(F,r- F. 7 /standard deviation per contract.

Assuming rational expectations implies that:

Vet = EV) + &

A test of the martingale hypothesis can be constructed by using the
orthogonality conditions between the forecast error and any information in the
econometrician’s information set. We define the function h(y,,, x;, 8p) =¥,y -a - B
x, where & is the true parameter vector. The null hypothesis is a=0 and B=1 . Tests
were performed using Hansen's (1982) Generalized Method of Moments (GMM). As
mentioned in section 2, the conditional variance of the series is believed to decrease
as the maturity date approaches. A nice feature of the GMM is that no additional
auxiliary assumption of conditional homoskedasticity is necessary when constructing
the covariance matrix of the parameters’ estimates (Hodrick and Srivastava, 1987,
p-8). In the linear setting used here, GMM reduces to OLS with White’s (1980)
correction for heteroskedasticity. The large sample theory invoked to perform the

estimation and testing with the peculiar structure of the futures contracts is fully

7 The use of x; and y,, ; is intended to emphasize the correct alignment of the data used in the tests.
x; cannot be obtained simply by lagging v, . because of the existence of different contracts. If

plain lagging were done in the tests explained below, one would be regressing the farthest
observation to maturity (the 40th ohservation) of a contract on the observation for the maturity
date of the previous contract. which would be uninterpretable.

.
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spelled out in Hodrick and Srivastava (1987, p. 11). There, it is recognized that the
asymptotics of the testing rely on the number of contracts growing large.®

The regressions of the one day ahead futures price on the previous day’s
futures price (with the mean per contract subtracted and the result divided by the
standard deviation per contract) rejected the martingale hypothesis (see Table 1). The

x2 test for =1 was significant well below the 1 percent level.

TABLE 1: TEST FOR a=0 AND B=1 IN THE REGRESSION Yr1=0a+Bx,

DEPENDENT VARIABLE 4 YSTDEV

FROM  87: 9: 2 UNTIL 90:11:20

TOTAL OBSERVATIONS 840 SKIPPED/MISSING 0

USABLE OBSERVATIONS 840 DEGREES OF FREEDOM 838

R**2 .85863241 REAR**2 .85846372

SSR 115.78005 SEE .37170197

DURBIN-WATSON 1.86076168

Q( 84)= 91.2151 SIGNIFICANCE LEVEL .27673265

NO. LABEL ~ VAR IAG  COEFFICIENT STAND. ERROR  T-STATISTIC SIGNIF LEVEL

* %k K&k ok k kK *kk * Kk k KAk kkkhkhkokkk % % % ok ok de ok e e ok ok dokk dokokkhkhkokok Khhdokkhh ok ki
1 CONSTANT 0 0 -0.5533361E-15 0.1280966E-01 -0.4319679E-13  1.000000
2 XSTDEV 3 0  .9266242 0.1643097E-01  56.39499 .0000000

x2 test for B=1

CHI-SQUARE ( l) = 19.94249 SIGNIFICANCE LEVEL .0000000

The evidence from the regressions of Ay,,; on Ax, was not conclusive (see
Table 2). On the one hand, the overall regression was not significant at the 10 percent
level. On the other hand, the t statistic for Ax, was significant at the 10 percent level.
Therefore, this test was inconclusive as to whether Ay, is a martingale difference.
Even if the t statistic for Ax, were not significant, it could be argued that other
variables known at  could affect Ay, , i.e., that this test has low power against other

possible interesting alternatives.

8 “Because the asymptotic distribution {of the covariance matrix] depends on the number of
contracts growing large. the degrees of freedom in the analysis using future data are inherently less
than the number of obscrvations™ (Hodrick and Srivastava. 1987, p.8).



TABLE 2: TEST FOR a=0 AND B=0 IN THE REGRESSION Ay,,; = o +  Ax,

DEPENDENT VARIABLE 8 DIFYSTDV
FROM 87: 9: 3 UNTIL  90:10:23
TOTAL OBSERVATIONS 819 SKIPPED/MISSING 0
USABLE OBSERVATIONS 819 DEGREES OF FREEDOM 817
R**2 .00968469 RBAR**2 .00847255
SSR 127.32298 SEE .39476839
DURBIN-WATSON 1.98394832
Q( 84)= 81.8880 SIGNIFICANCE LEVEL .54488798
NO. LABEL VAR LAG COEFFICIENT  STAND. ERROR T-STATISTIC SIGNIF LEVEL
* kK *okkkkkk * Kk K* * * Kk AAkKKKkAKk Kk kkk Kk ok sk okok ok ok kk ok ok Kk Ak Kk kk Kk kkk AKXk Ahkhkhkhhkkkhki
1 CONSTANT O 0 -0.6980620E-02 0.1379068E-01 ~-.5061840 . 6127275
2 DIFXSTDV 7 0 .1016154 0.5327785E~01  1.907273 0.5648526E-01

NULL HYPOTHESIS
THE FOLLOWING COEFFICIENTS ARE ZERO

Series CONSTANT ( 0 )
Series DIFXSTDV ( 7
CHI~SQUARE ( 2) = 4.073354 SIGNIFICANCE LEVEL .1304615

One could argue that the martingale test performed here assumed stationarity
to ensure the consistency of the standard errors, and therefore is inconsistent if the
null hypothesis is true. To guard against this criticism, I ran the following forms of
Dickey-Fuller tests for the whole sample (840 observations): without a constant, with
a constant, with a constant and a linear time trend, with a constant and a quadratic
time trend, and with a constant, a linear time trend and a quadratic time trend. Given
the structure of the data used here, the time trend is 1 for the 40 observations relative
to the first contract, 2 for the 40 observations relative to the second contract, and so
forth. Table 3 summarizes these results.

All tests rejected the existence of a unit root. This rejection implies two things.
First, these futures prices cannot be characterized as a martingale. Second, the
theoretical model of section 2 assuming risk neutrality is not a good characterization
of these futures prices either. This latter point is discussed at the end of this section.

Before that. however, a few econometric points must be discussed.
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TABLE 3

DICKEY-FULLER TESTS

Dependent variable: Ax,,{; 819 usable observations.

DF statistics are the t statistics for x, (in bold face); t statistics in parentheses.

The trend variable (T) is 1 for the first contract (first 40 observations), 2 for the second
(observations 41 to 80), and so on.

X, constant T T2 R2 D.W. Q(84) S.EE.

0.12 0.09 1.77 1324 0.37
(-9.24)

-0.12 -0.004 0.09 1.77 1324 0.37
(-923) (-0.28)

0.12 -0.008 043E-3 0.09 1.77 1324 0.37
(-9.22) (-0.31) (0.21)

0.12 -0.003 -53E-5 0.09 1.77 132.1 0.37
(-923) (-0.14) (-0.06)

0.12 -0.044 0.01 -43E-3 0.10 1.78 130.4 0.37

(-922) (-1.05 (1.1 (-1.09)

Two econometric problems are present in the former Dickey-Fuller tests. The
first one, already mentioned, is the existence of conditional heteroskedasticity in the
data. As each contract gets closer to maturity, agents gather more information about
inflation, and the variance of the futures price declines. The risk neutral model of
section 2 has this feature. If risk aversion is assumed, instead, the risk premium will
also decline as maturity approaches.

The other problem is a non-standard form of autocorrelation that arises in
these data even under the null hypothesis that the futures price is a martingale.
Figures 2 and 3 can be used to illustrate this autocorrelation problem. Figure 2 shows
that for most dates the dataset is composed of the futures prices of two contracts with
maturity in subsequent months. i.e., the two contracts with the earliest maturity dates.

These futures prices are basically forecasts of the price levels for that and the
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following month. Since price levels have a unit root by definition, any shock that
affects F, ; (the “forecast” of the next month’s price level) will also affect F, 1, 3 (the
“forecast” of the price level in two months). This effect is present in the data even if
the martingale hypothesis holds, because, as Figure 3 makes clear, the data used here
are not strictly time-series data, but an “unfolding” of the time-series data displayed in
Figure 2. This kind of autocorrelation is non-standard exactly because of this
“unfolding” process. For any contract except the last one, the last 20 observations
(closest to the maturity date) correlate with the first 20 observations (farthest from
the maturity date) of the subsequent contract. Each of these last 20 observations
correlates with the observation “leaded” 20 periods, as Figure 3 makes clear.
However, for any contract except the first one, the first 20 observations (farthest from
the maturity date) correlate with the last 20 observations (closest to the maturity date)
of the previous contract. Each of these first 20 observations correlates with the
observation “‘lagged” 20 periods, as Figure 3 makes clear. This “asymmetry” in the
autocorrelation originates from the “unfolding” process described earlier.

To deal with the heteroskedasticity problem, Table 4 reports the results when
White's (1980) correction for heteroskedasticity was applied. The solution adopted for
the non-standard autocorrelation problem was to consider only 20 observations per
contract. Once the contracts no longer overlap, the “unfolding” process no longer
takes place, and the non-standard autocorrelation no longer arises. The resulting
dataset is the one shown in Figure 2 once all the observations in the subsequent
contract overlapping with the previous one have been eliminated. To account for
other forms of autocorrelation that could be present, Table 5 reports the results when
White's (1986) autocorrelation-heteroskedasticity consistent standard errors are used.
Despite the reduction on the DF statistics relative to those shown in Table 3, one can

still reject the existence of a unit root in the series.
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TABLE 4
DICKEY-FULLER TESTS

Dependent variable: Ax,,;; 420 usable observations.

The t-statistics are computed using White’s (1980) standard errors corrected for
heteroskedasticity.

DF statistics are the t statistics for x, (in bold face); t statistics in parentheses.

The trend variable (T) is 1 for the first contract (first 20 observations), 2 for the second
(observations 21 to 40), and so on.

X constant T T2 R2 D.W. Q(60) SEE.
-0.055 0.03 1.65 599 0.24
(-3.38) ‘

-0.055 0013 0.03 1.66 60.6 0.24
(-341) (1.14)

-.058 -0.21 0.003 0.04 1.66 61.8 0.24
(-3.52) (-82) (1.71)
-0.057 .16E-1 0.03 1.66 61.4 0.24
(-3.51) (2.00)

-0.057 -.39E-2 -.11E-3 0.03 1.66 61.0 0.24
(-3.48) (-0.21) (141)
-0.060 -0.054 0.012 -40E-3 0.04 1.66 63.7 0.24

(-3.57)  (-153) (1.69) (-1.33)

Augmented Dickey-Fuller tests were also undertaken. These results are not
reported here. Again, although the ADF statistics are no longer near the values of the

DF statistics of Table 3, one can still reject the existence of a unit root in the series.
The rejection of the existence of a unit root in futures prices also characterizes
the rejection of the risk neutrality hypothesis within the Lucas (1978) framework. In
section 2, it was shown that an asset pricing model a la Lucas (1978) with risk
neutrality implies that. in a large sample, a regression of the futures price on itself
lagged once must generate a coefficient greater than 1. The coefficient of x, in Table 1
is significantly less than 1. i.e.. 0.93. a conclusion that the DF and ADF tests have

corroborated.



21

TABLE §

DICKEY-FULLER TESTS

Dependent variable: Ax,,;; 420 usable observations.

The t-statistics are computed using White’s (1986) heteroskedasticity-autocorrelation
consistent standard errors.

DF statistics are the t statistics for x, (in bold face); t statistics in parentheses.

The trend variable (T) is 1 for the first contract (first 20 observations), 2 for the second
(observations 21 to 40), and so on.

X, constant T T? R2 D.W. Q(60) SEE.
-0.055 0.03 1.65 59.9 0.24
(-2.80)

-0.055 0.013 0.03 1.66 60.6 0.24
(-2.79)  (0.80)

-.058 -0.21 0.003 0.04 1.66 61.8 0.24
(-3.04) (-64) (1.28)
-0.057 J6E-1 0.03 1.66 614 0.24
(-3.89) (1.37)
-0.057 -39E-2 -11E-3  0.03 1.66 61.0 0.24
(-2.98) (-0.16) (1.02)
-0.060 -0054 0012 -40E-3 004 1.66 63.7 0.24

(-3.03) (-1.16) (1.19) (091

One explanation for the coefficient being less than 1 is the existence of a time-
varying risk premium. Equation (2) illustrates this point. If the conditional covariance
term is negative and declines as maturity approaches. regression (5) of the one day
ahead futures price on the previous day’s futures price will generate a coefficient
below 1. Intuitively, under risk neutrality, F, r < E; (PT) because movements from the
expected price level to low price levels generate a much greater gain than the loss
generated by moving from the expected price level to high price levels. However. if

greater marginal utility is obtained at high price levels than at low price levels, this
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downward bias can be reversed. For this to be true, inflation must be a risk, i.e., the
endowment process must be such that the representative agent has a greater marginal
utility of consumption when inflation is high.

As maturity approaches, the risk premium declines, and so does the futures
price, approaching the expected value of the price level from above. Therefore, when

the number of contracts grows large, the time invariant estimate of @, in regression
LFarFr

5 <1.
ZF:T

(5) converges to E

The effect described by the model of Section 2 is still present, although it is
more than offset by the presence of risk aversion, represented by the covariance term
in equation (2). This conditional covariance between the marginal utility of
consumption and the inverse of the price level (normalized by the conditional
expectation of the marginal utility of consumption) represents a time-varying risk
premium.

Several models have been proposed in the literature to deal with time-varying
risk premiums (for references, see Attanasio, 1990). The specific difficulty for the
Brazilian futures market is that the “spot” price of this market, the daily price level, is
non-observable. Therefore, this is a case of a time-varying risk premium with
unobserved components. In the last section, this point, among others, is listed for
future research. The next section uses the term structure of the futures contracts for

the price level to infer the stochastic structure of the expected inflation process.

4. TERM STRUCTURE OF THE PRICE LEVEL FUTURES CONTRACTS

This section uses the term structure of the futures contracts for the price level
to infer the stochastic structure of the expected inflation process. On any given day.
several futures contracts maturing at the end of subsequent months are traded. These

contracts pay off according to the price level at the end of the previous month. If P, 1s
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the price level at 1, and 7,y the inflation rate between f and 1+1, then P, = (1+7,, )
P,. Hence. if an informational shock to the economy raises an by 1 percent, P :“

will also rise by 1 percent. What happens to the subsequent expected prices, Pf+2,

P’

1+3» --» Will depend on the stochastic process followed by expected inflation. For

example, if expected inflation follows a martingale difference, that is, if price
increases today do not imply further price increases or decreases in the future, an
increase of 1 percent in P: +1 18 associated with a 1 percent increase in all expected
future price levels, Pj +20 Pf+3, and so on. At the other extreme, if expected inflation
follows a martingale, that is, a price increase today implies a similar price increase in

. . [ 4 . . . . .
the future, an increase of 1 percent in P ., isassociated with a 2 percent increase in

Pf+2, 3 percent in P‘; +3» and so on.

Figures 5 and 6 clarify the above points. Figure 5 displays the evolution of the
futures prices of all contracts that were open on August 7, 1987, when the OTN
market started operating. The futures prices of all contracts were normalized to 100
percent in August 7, 1987. On August 28 the futures price of the September contract
rose to almost 102 percent. Assume for the moment that the futures price is the
expected value of the price level at maturity, or that the difference between the two
does not vary with the number of days to maturity. Then, the evolution of the futures
price means that the inflation forecast for the month of August rose by 2 percent
between August 7 and August 28. If the rise of August inflation were uncorrelated
with September inflation, the futures price of the September contract should also have
risen by the same amount, i.e., by 2 percent. On the other hand, if the inflation
process were a martingale, 2 percent more inflation in August would have meant 2
percent more inflation in September. This would have made the September futures
price on August 28 rise to 104 percent. This latter characterization is what Figure 5
suggests. The same reasoning can be applied to the other contracts which appear in
Figure 5. However, as already mentioned, the trade on the contracts very far from

maturity was very thin, and became more so as inflation escalated. Therefore, in the
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econometric estimations performed in this section, only the two contracts with earliest
maturity dates are used.

Figure 6 displays the same information contained in Figure 5 in the form of
inflation forecasts. Under the simplifying assumptions spelled out in the previous
paragraph, the growth rate computed by dividing the October futures price by the
same day’s September futures price is what the market is forecasting for the inflation
in September. One can easily see the point explained in the previous paragraph: Both
the August and the September inflation rates increased by around 2 percent between
August 7 and August 28, suggesting that monthly expected inflation could be a
martingale.

If expected monthly inflation contains a unit root, shocks affecting the current
month’s price level by 1 percent should affect the next month’s price level by 2
percent or more. Of course this is a general proposition; there could be shocks
affecting either one of the inflation rates but not the other. However, in a large sample
one would expect to find a coefficient of 2 in a regression of the daily percentage
variations of the contract with the second earliest maturity date on the daily

percentage variations of the nearby contract. Formally:

M=o +B A r+E (8)

where Af;r =In(F, ) - In(Fp; ).

The null hypothesis that monthly expected inflation contains a unit root
corresponds to =0 and B=2. If expected monthly inflation is a martingale difference,
B=1. The error term in regression (8) could be interpreted as the effect of shocks that

are idiosyncratic to each contract.



25

SIPRAIUO)) JUIIAJI(] 40§ SIVNAJ JUIIU] AQ PIZHEULION SILIJ JUIUR]YIIS — JNEIA Saamyny NLO G 231

88-UB[ — [8-790 ¢ L8-AON -o- L8190 — (8-S m

L8 L8 L8 18 L8 L8 18 L8 L8 L8 L8 I8
I8 L8 -AON -AON -AON (8 -PQ -PO -PQ (8§ -dog -dog -dog (g -Juy -3ny -Bny /g
Boaao-n.nu-w_-:-Bz-w-a.cu-m_-so-n-wu-_u-z-%m-v-wm-_u-z-m__ﬁ

8 L8
-xq -xq
T -9l

i

w0l
L 2

.9»: ¥l

/\ % M \ ol

08080888%808%{ /.,., ) \ \
ﬂ 801

N A D
N M [

VNS




26

SISV2240 uoPvYful AYIUO ~— IIYIBIA] S2anjnyg N LO 9 d4ndiy

18-9Q — L8AON o L8190 - (840§ — (8-30V

L8 L8 L8 L8 L8 L8 L8 L8 L8 (8 L8 (8 (8 L8
RQq -Xq L8 L8 -AON -AON -AON (8 -0 -PO PO (8§ -dog -dog -dog (8 -Bny -Bny -Bny (g
€T 91 -XQ-6-XA-T ST -8l Il -AON-¥ -LZ -0Z ~-€I -PO§ -8 -1z -yl -dos-y -8¢ -1z -py1 -3ny-,
il ’
ot
||
_ - ;
/.\/
L A
L 4
mo\liﬂ_! 8
0\00000.000 /\/\/\/\ V\ H

Eom~o

15

[ =W o



27

The dataset for regression (8) is composed of the data from the OTN futures
market. During the period of the BTN futures market, trade on the second contract
was too thin for long periods of time, so I decided to drop it altogether. However, the
inclusion of the data from the BTN futures market which presented a minimum
degree of liquidity did not change the results that are presented below. I now explain
how the dataset was constructed. For each month, the first-differences of the natural
logarithms of the futures prices are computed for the nearby contract and for the
contract with the second earliest maturity date. When the nearby contract matures, the
one with one month until maturity becomes the nearby contract and the one with two
months until maturity becomes the contract with the second earliest maturity date. In
this fashion, a series of Af, y and Af; 5 are constructed from August 10, 1987 to
January 13, 1989 (354 observations).

Figure 7 helps one understand the idea behind regression (8). The dark squares
mark the series of the current month’s “expected inflation”, computed by dividing the
futures price of the OTN for the nearby contract by the known value of the current
month’s OTN. The white squares mark the series of “expected inflation” for the
following month, computed by dividing the futures price of the OTN for the éontract
with the second earliest maturity date by the same day’s futures price of the nearby
contract. Notice that by the end of each month (when the nearby contract matures),
the contract with the second earliest maturity date becomes the nearby contract.
Therefore, the sequence of “forecasts” for each month’s inflation is given by a
sequence of approximately 20 white squares, followed by another of approximately
20 dark squares, covering 2 calendar months. For given initial “forecasts”, the
sequence of daily “forecasts” for the current month’s inflation is obtained by adding
Af, rto the previous day’s “inflation forecast”. The daily variation in the following
month’s “expected inflation” is given by [Af, 7,39 - Af; 7]. If expected monthly
inflation is a martingale, then Af, 1,3, must be twice Af; 7.

Figure 8 shows the remaining period of the OTN futures market not shown in

Figure 7. In Figure 8, each sequence of “inflation forecasts” for the same month is a
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different segment. Note that the regularity that prevailed until the end of 1987, by
which the following month’s inflation forecast was given by the current month’s
forecast plus some percentage points, is lost in 1988 as inflation escalated.

Table 6 displays the results of regression (8). The method of estimation was
OLS with White’s (1980) correction for heteroskedasticity. When the full sample is
used, the results indicate that the constant is indeed zero, and the coefficient of Af, y
is 1.52. The %2 tests show that this value is significantly different from both 1 and 2.
Therefore, the stochastic process 6f expected monthly inflation cannot be
characterized as either a martingale or a martingale difference. Since the inflation
process at this time in Brazil had a unit root, it is somewhat puzzling that one does not
find a coefficient greater or equal to 2 in regression (8).

Several simplifying assumptions made so far may be driving the above result.
A more careful analysis must distinguish between the two periods in which shocks hit
the economy. This is because prices are usually collected from the 16th of one month
to the 15th of the following month. Therefore, in the last 15 (calendar) days of the
nearby contract, no current price increase should impact its futures price, only those
of contracts with later maturities. Therefore, the regression above would be mixing
two different “regimes” given by the two fortnights of each month. In order to test
whether this is true, the sample was divided into two: before and after the 15th of
each month. In the first sub-sample I also included observations until the first day of
trade after the 15th, which were excluded from the second sub-sample. This criterion
aims to include in the first sub-sample all observations in which current price
increases affect both open contracts. It implies that the second sub-sample has fewer

observations.



8861 ‘Aavnuef 0} L8G] ‘)Sndny — uoyvyfuf pajdadxsy : ; dandiy

(FANLYN OL JOYYINOD ANZ) NOLLVLINI d3.103dXd 3 (LOVILINOD A9YVAN) NOLLVTANI a.LDddXd =

88 88 88 (8 (8 (8 (L8 (L8 (8 (8 (8 L8 L8 (L8 L8 L8 L8 (8 (8 (L8 [8 (8 (8B
-uef -ue{ -uef g8 -9%q -33(q -39 -9 -AON -AON -AON -AON -130 -130 -190 -1Q -dog -dog -dog -dog -3ny -8ny -Sny -Sny
82 0 -tl -uef9-8C -LI Ol -t 9T -61 Tl -§ -8 -IT -l -9 -6 -TC St -8 -l -vT -LI -0

%00y

...II-..-- m %009
\ !-En..- mwﬂrum %00'8
1:.!...........? .

P I
i -

%00'v1
% -

%0081

;
i

M %00°TT




30

6861 ‘A1enuef 0) ggg[ ‘A1enuef — uonvlful pappadxyy : g aandiy

8810 — g8-dog _ gg-Sny __

68-9% ... 68-uef . gg-2aq ... 88-AON —
88-I0f — 88-unf _ gg-Aep .. gg-udy __ 88BN . 88-994 — gg-uef __

68 88 88 88 88 88 83 g8

88 88 88 88 88 88 88 83 &% 88 88 88 88 83 88 83 88 L8

“UBf -33(] -3 -AON -AON -0 -12Q -dag -dag -3ny-8ny -jnf -jnp -ung -unf -ung -Kepy-Aep -1dy -ady “JeN -JeN -Q -qad -uef -23(]

< 1L L £ 8 W L €T

TRILREIERILEIREED 1

i

»\.).; \
, AR

6 ST Ul -8C ¥l -0¢ 91 -T -gI 6l v Ll g .81 -1 -l -0¢

»\(}%a %001

e\
\ -
Lt ~ \/ + %0007

Y

T %00°5T

T %000t

- %005t



31

TABLE 6
TESTS FOR a=0 AND B=1 OR 2 IN THE REGRESSION Af, 7,3 =a+BAf;;

The tests are computed using White’s (1980) standard errors corrected for
heteroskedasticity. There are 354 usable observations. The t-statistics are in parentheses
under the coefficients. The 2 statistics have 1 degree of freedom, and the significance
levels are in brackets under the statistics.

SAMPLE o ﬁ R2 DW.  y2forf=1 x2forB=2
FULL SAMPLE 0.92E-5 1.52 0.49 1.91 24.6 204
0.05) (144 {0.00] {0.00]
FIRST 15 DAYS O0.18E-3 140 0.49 1.80 12.8 28.2
(0.70)  (12.5) {0.00] {0.00]
LAST 15 DAYS -24E-3 1.89 0.51 1.98 20.9 0.35
-097) (9.73) {0.00] [0.56]

When only the first 15 days of each month are included in the sample 6 drops
to 1.40, while when only the last 15 days are included, it rises to 1.89. The Chow test
(not shown in Table 6) for the stability of B rejects the hypothesis that B is the same
for the two sub-samples at the 6 percent significance level. Therefore, the
characterization of the expected inflation stochastic process as a martingale cannot be
rejected when only the last fortnight of each month is considered, but can be rejected
for the first fortnight. In both sub-samples, the explanatory power of the regression
seems to be the same, i.e., around 50 percent.

Before the implications of the analysis are discussed, a few other results will
attest to the robustness of the conclusions. An alternative way of constructing the
dataset yielded similar results. These results are not reported here. To guard against
the possibility that outliers could be driving the regression’s results, the regressions

were rerun with robust estimation (see Huber, 1973). Table 7 reports the results. The
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main findings of the original regressions (Table 6) remain: the characterization of the
expected inflation stochastic process as a martingale cannot be rejected when only the
last fortnight of each month is considered, but can be rejected for the first fortnight
and for the whole sample. As before, the explanatory power of the regressions seems

to be the same, i.e., around 50 percent.

TABLE 7
TESTS FOR a=0 AND B=1 OR 2 IN THE REGRESSION Ayrio=a+BAf

The method of estimation is minimum absolute deviations (MAD), computed through
iterated least squares (Huber, 1973). There are 354 usable observations. The t-statistics
are in parentheses under the coefficients. The x2 statistics have 1 degree of freedom, and
the significance levels are in brackets under the statistics.

SAMPLE & A R2 DW.  y2forB=l x2forf=2
FULL SAMPLE -58E-4 144 048 1.88 27.94 46.72
(-036) (17.4) [0.00] [0.00]

FIRST I5SDAYS 0.5 134 049 1.78 16.02 59.16
©.71)  (15.70) [0.00] [0.00]

LAST 15DAYS -30E-3 172 051 1.98 16.43 2.38
-131)  (9.64) [0.00] [0.12]

I'also investigated another possible source of distortion of the results. Agents
may take positive and negative shocks to inflation differently. If positive shocks are
taken as more permanent than the negative shocks, which are perceived as more
transitory, then [/3\ will underestimate the impact of positive shocks to inflation. This
could reconcile the existence of a unit root in the Brazilian inflation with a coefficient
less than 2 in the regressions. In order to test this hypothesis, I ran regression (8) with

Af; 7 constituted only of either positive or negative shocks. Table 8 summarizes the

results.
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TABLE 8
TESTS FOR a=0 AND =1 OR 2 IN THE REGRESSION Af;7,3=a+BAf, s

The methods of estimation were OLS with White’s (1980) standard errors corrected for
heteroskedasticity (first two rows) and minimum absolute deviations (MAD), computed
through iterated least squares (Huber, 1973) (last two rows). There are 354 usable
observations. The t-statistics are in parentheses under the coefficients. The %2 statistics
have 1 degree of freedom, and the significance levels are in brackets under the
statistics.

SAMPLE a ﬁ R2 D.W. [x2forB=1 | x2forB=2

A, 7>0 030E-3 1.51 0.37 2.02 8.37 747
0.75) (8.52) [0.00] [0.01]

Chow test for the stability of B: x2(2) =3.96 [0.14]
A, r<0 -.80E-3 1.17 0.19 1.86 0.62 13.91
(-1.99) (531 [0.43] [0.00]

Chow test for the stability of B: x2(2)  =4.62 [0.10]
A, 7>0 0.28E-3 1.38 0.36 2.01 6.83 18.08
ROBUSTEST.  (0.85) (9.48) [0.01] [0.00]

Chow test for the stability of B: x2(2)  =4.30 [0.12]
Af,7<0 68E3 114 0.19 185 0.49 17.38
ROBUST EST. (-1.79) (8.57) [0.48] [0.00]

Chow test for the stability of B: x2(2)  =3.07 [0.21]

The Chow tests for the stability of B between the positive and negative shocks
sub-samples are in the margin of rejection at the 10 percent level. | interpret Table 8
as providing weak indication that the reason why we are not able to find = 2 may be
due to the perceived“temporariness” of the negative shocks.

Another possible explanation for the failure in finding a coefficient of 2 in
regression (8) may be related to the great instability of the Brazilian inflation process

in 1988, when it moved from very high inflation to almost hyperinflation, until it was




34

stopped for a few months by the monetary reform of January, 1989 (Plano Verio).

Figure 7 displays the “inflation forecasts” for this period. As noted above, the

regularity of the last months of 1987 contrasts remarkably with the extreme volatility

1988 (Figure 8). Table 9 summarizes the results obtained when only the well-behaved

period of the last 4 months of 1987 is used in the regressions.

TABLE 9

TESTS FOR 0=0 AND B=1OR 2 IN THE REGRESSION Af, 7,30= @+ BAf;

FOR 1987 ONLY

The methods of estimation were OLS with White’s (1980) standard errors corrected for
heteroskedasticity (first three rows) and minimum absolute deviations (MAD),
computed through iterated least squares (Huber, 1973) (last three rows). The are 97
usable observations. The t-statistics are in parentheses under the coefficients. The 2
statistics have 1 degree of freedom, and the significance levels are in brackets under the

statistics.

SAMPLE 5 5

FULL SAMPLE 0.11E-3  2.11
0.28) (7.50)

FIRST 15 DAYS 041E-3  2.02
0.64) (6.15)

LAST 15 DAYS -23E-3 23]
(-0.55) (547)

Chow test for the stability of B: x2(2)

FULL SAMPLE -.19E-3 1.78
ROBUSTEST. (-0.57) (5.77)

FIRST 15 DAYS 0.63E-4 1.64
ROBUST EST. 0.01) 647

LAST 15 DAYS -30E-3 2.32
ROBUST EST. -0.75 (2.64)
Chow test for the stability of B: x2(2)

R2

0.45

0.39

0.57

=1.08

0.47

0.47

0.49

=0.78

D.W.

2.14

1.85

2.63

[0.58]

1.99

1.90

1.97

[0.68]

x? for B=1

15.62
[0.00]

9.69
[0.00]

9.61
[0.00]

6.42
[0.01]

4.57
[0.03]

2.26
[0.13]

x? for B=2

0.16
[0.69]

0.01
[0.94]

0.54
[0.46]

0.49
[0.48]

1.44
[0.23]

0.13
[0.71]
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For 1987, the null hypothesis of B = 2 can no longer be rejected in any sub-
sample or method of estimation. The Chow test for the stability of B pre-January 1,
1988 (not shown in Table 9) rejects the null hypothesis of stability at the 7 percent
significance level. The finding that the shocks have a larger effect in the last fortnight
of each month also shows up, but the large standard errors do not allow a rejection of
the stability of B (see Table 9). Note too that the explanatory power of regression (8)
is also higher in the last fortnight of the month.

The non-rejection of B = 2 for the 1987 sub-sample together with the rejection
for the full sample looks paradoxical a posteriori, since inflation never stopped
trending upwards. These results suggest that the previous rejection of the null
hypothesis of B = 2 is related to the extreme volatility of the Brazilian inflation during
1988, when the government tried several (ultimately unsuccessful) anti-inflationary
policies.

All the conclusions drawn so far in this section were based on the simplifying
assumption that the futures price is the expected value of the price level at maturity,
or that the difference between the two does not vary with the number of days to
maturity. The results in Section 3, however, do not support this hypothesis. They
suggest the existence of a risk premium, which declines as maturity approaches. If
this is the case, it is possible that a variable representing the number of days to
maturity might capture the effect of this declining upward bias in futures prices. 1
included the variable days to maturity for the nearby contract (and its square and
natural logarithm) in regression (8), for different methods of estimation and samples.
The results, however, were not significantly altered, and this vaniable or its variations
did not show up significantly in the regressions. This result, however, does not mean
that the declining bias is not important in the determination of the futures price.
Further modeling is needed to justify the use of the variable days to maturity in

regression (8).
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5. CONCLUSION

This paper has examined the formation of inflation expectations in Brazil by
exploring the data of the futures market for the price level from August 1987 to
March 1990. These data are uniquely suited for this purpose because sources of
extraneous noise always present in financial assets returns, like variations in the ex
ante real interest rate, are much less important in the determination of these futures
prices. Therefore, tests using these data shall perform better than those relying either
on actual inflation data, which contain forecast errors, or on survey data, which are
liable to the criticism that respondents may not have the right incentive to reveal their
true inflation expectations.

Section 2 developed an asset pricing model a la Lucas (1978) where risk
neutrality is assumed. Even with this assumption, the futures prices were shown to
have a downward bias vis-a-vis the conditional expectation of the price level. As the
maturity of the contract approaches, and more information regarding inflation is
revealed, this downward bias declines. Therefore, the one-day-ahead futures price
should, on average, be greater than the current futures price. In other words, one
implication of the model was that a unit root test should not reject the existence of a
unit root. If, however, the downward bias is not empirically relevant, futures prices
should be a martingale, as Samuelson (1965) suggested.

Section 3 tested for the existence of a unit root in futures prices and whether
or not these futures prices were a martingale. The results overwhelmingly rejected the
existence of a unit root in futures prices, and, consequently, also rejected the
martingale hypothesis. The rejection of the existence of a unit root in futures prices
suggests that the downward bias is more than offset by a risk premium, which also
declines as maturity approaches, and more information about inflation is uncovered.
Therefore, risk neutrality is not a good characterization of this futures market. The

introduction of risk aversion in the model and in the estimation would require the use
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of techniques involving a time-varying risk premium and unobserved components.
This was not attempted in this paper, and was left for future research.

Section 4 used the rerm structure of the futures contracts for the price level to
run tests regarding the stochastic structure of the expected inflation process. The
empirical results confirmed that expected inflation in Brazil had a unit root during
1987, when inflation was extremely high, although still well-behaved. In 1988
inflation escalated towards hyperinflation, and the unit root in expected inflation was
rejected. This a posteriori puzzling result is associated with the extreme
unpredictability of inflation during this period, when the government unsuccessfully
tried several times to stop inflation from escalating. It implies that the anti-
inflationary measures tried during 1988, while ultimately unsuccessful, had the
temporary effect of partially breaking down the expected inflation inertia.

Very robust evidence was found that shocks affecting the current inflation
forecast have a more powerful effect in the subsequent month’s inflation during the
second fortnight of the month, when data for computing the current inflation has
already been gathered. There was also weak evidence that positive shocks to the
current month’s inflation forecasts affected the following month’s inflation forecast
more than negative shocks. This suggests that negative shocks were perceived as
temporary, whereas positive shocks, as permanent. The above results were robust to
different estimation techniques. The variable days to maturity was also introduced in
the regressions to proxy for the declining risk premium, but it was not significant.
However, further modelling is needed in this area.

Further research in this area should contemplate the introduction of time-
varying risk premium in the model of section 2. The estimation of such a model
would rely on the Kalman filter and ARCH techniques. Tools for this task are
developed in Harvey, Ruiz and Sentana (1990). Regarding the estimation performed
in Section 4, it may be possible to derive a reduced-form equation in which the risk

premium vanishes or depends on a variable related to the number of days to maturity.
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This could shed more light on how expectations were formed when the economy was
reaching hyperinflation.

Another interesting topic that could be explored with these data is how
information affects expectations — in particular, whether or not the publication of the
official index induces any “excess variance” in futures prices. The same could be
done with other price information usually released during the course of the month.
Finally, it would be desirable to study how the movements of futures prices were
related to the other Brazilian financial markets, in particular the ones of fixed-income

instruments (indexed and non-indexed to inflation).
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