Information Aggregation, Inflation, and the
Pricing of Indexed Bonds

Gur Huberman

University of Chicaga

G. William Schwert

Untversity of Ruchester

Using daily prices of indexed bends between 1970 and 1979, we test
whether announcements of the [sraeli CPI contain informartion that
1s not already reflected in bond prices. The results indicate that bond
prices reflect about 85 percent of the new nformation about infla-
tion. as it occurs (i.e., when the Central Bureau of Statistics samples
prices). The announcement of the CPI 15 days after the end of the
sampling pericd causes the remaining [5 percent adjustment in
bond prices. This evidence raises questions about the empirical im-
portance of misperceptions about inflation as a source of nonneu-
trality i monetary policy.

I. Introduction

This paper examines the uming of the reaction of indexed bond
prices to the occurrence and subsequent announcement of inflation,
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Qur data are from Israel and consist of a monthly ume series of
Consumer Price Index (CPI) announcements and a daily tume series
of prices of government-issued bonds that are indexed to the CPL
After estimating prediction models for the Israell CPI, we examine
the relations between bond returns and the expected and unexpected
components of the CPL

The Israeli CPI is announced approximately 2 weeks after the end
of the month in which commaodity prices are sampled. If bond traders
are ahle to learn about inflation by observing the nominal commodity
prices, there will be no reaction of hond prices when the CPI is an-
nounced. On the other hand, if the bond market cannot infer the
behavior of inflation by observing individual commodity prices, the
announcement of the CPI will be associated with a change in bond
prices to reflect the previously unknown information about the CPL
In principle, traders in the bond market have access to all the infor-
mation that is used to construct the CPI, although it 1s probably pro-
hibitively expensive for any one trader to duplicate the data collection
and assimilation activities of the Central Bureau of Statistics. Never-
theless, all traders have obvious pecuniary incentives to obtain infor-
mation ahout the furure behaviar of the CPI, since the prices of
indexed bonds are essentially the outcome of bets about the future
level of the CPL

This paper investigates the extent to which the market successfully
aggregates information that individuals hold collectively but possibly
no single individual possesses completely. Many attempts have been
made to incorporate uncertainty and diverse information of traders
into equilibrium models of capital markets, including Grossman
(1976, 1978), Radner (1979), Grossman and Stiglitz (1980}, Diamond
and Verrecchia (1981), and Admati (1983). These papers investigate
whether prices can aggregate investors' diverse information to the
extent that they serve as a sufficient statistic for the aggregate infor-
mation of traders, in which case the price is called “fully revealing.”
Suppose the announcement of the CPI merely aggregates informa-
ton about commadity prices. This information was available to bond
traders at least a fortnight prior to the announcement. If bond prices
are fully revealing, then the market should not react to the announce-
ment when it occurs, because the information contained in the an-
nouncement was impounded in prices 2 weeks earlier.

A related question arises in rational expectations models of busi-
ness cycles, such as Lucas (1973, 1975) and Barro (1980). In these
maodels there are several markets in the economy, and there are re-
strictions on the flow of traders and information across markets.
Shocks are both economy-wide and local (i.e., vary across markets).
Prices in each market reflect both local and economy-wide shocks, and
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traders are unable to determine whether a nominal price change 1s
due to a change in the relative price of the good or to averall infation
of all goods’ prices. This confusion about inflation and relative price
changes implies that monetary policy can have real effects.

The empirical tests in this paper suggest that abourt 85 percent of
the reaction of bond prices to unexpected inflation occurs contem-
poraneously with the sampling of individual commodity prices, from
2 to 6 weeks prior to the announcement. The remaining 15 percent of
the reaction to unexpected inflation occurs on the day following the
announcement. Thus, while the evidence is inconsistent with the ex-
treme hypothesis that indexed bond prices fully reflect the informa-
tion about infation as it occurs, the extent of confusion abaut infla-
tion is not large.

Schwert (1981), Cornell (1983), and Urich and Wachtel (1984)
study the empirical relations between announcements of the U.S. CPI
or money supply and the prices of stocks and nominal bonds in the
United States. The tests in this paper are more powerful for two
reasons: (a) the payoffs to indexed bonds are directly linked to the
CPI, and (4) the variance of the unexpected component of the CPI
has been much higher in Israel than in the United States. Therefore,
the results in this paper show a much stronger relation between unex-
pected inflation and daily bond price changes than has been found in
previous studies.

Section I describes the inflation and bond price data and presents
time-series models for the inflation rate in Israel. Given the estimates
of expected and unexpected inflation from the ume-series maodels, we
examine the reacton of indexed bond prices to the unexpected com-
ponent of the CPL Using daily returns ro a portfolio of indexed
bonds, the tests in Section Il estimate the speed of adjustment of
indexed bond prices to information about inflation. Section IV dis-
cusses some alternative interpretations of the empirical resules in Sec-
tion I1I. Section V contains brief concluding remarks.

II. Inflation and Bond Price Data
A.  The Consumer Price Index

The Consumer Price Index (GPI) for Israel is compiled by the Central
Bureau of Statistics and is based on a broad sample of consumption
goods (about 1,000 commodities and services in about 1,500 locations
throughout Israel). The index for month ¢ is announced after the
close of trading on the Tel Aviv Stock Exchange on the first nonholi-
day after the fourteenth of the following month. Because there are so
many fAnancial contracts such as indexed bonds linked to the CPL, the
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Central Bureau of Statistics tries to avoid leaks of information prior to
the official announcement. Nevertheless, consumers observe the
prices of individual commodities at the same time that the Central
Bureau of Statistics collects the sample of prices that eventually aggre-
gate into the CPL. Detailed information about the construction of the
Israeli CPI is available in Israel Central Bureau of Statistics (1968).

To analyze the reaction of bond prices to information about infla-
tion, it is important to determine the part of CPI inflation that 1s
expected before the month when the inflation occurs. The difference
hetween the actual inflation rate for January, announced on February
15, and the expected inflation rate based on information available on
January | represents the information that could be learned about
inflation between January 1 and February 15. Thus, it is the timing of
the reaction of bond prices to unexpected inflation that 1s of primary
interest.

One way to measure the expected and unexpected components of
the CPI inflation rate is to use 2 statistical time-series madel v, predict
future inflation based on past inflation rates. This approach has been
used frequently with U.S. CPI inflation data, by Hess and Bicksler
(1975}, Nelson (1976), Nelson and Schwerc (1977), and Schwert
(1981), amang others. Part A of table [ contains means, standard
deviations, and the first 12 autocorrelations of the monthly Israeli
CPI inflation, p, from 1952 10 1981 and for several subperiods. Part B
of table 1 contains summary statistics for the first differences of the
CPI inflation rate, Ap,. The autocorrelatons of the inflation rate are
large at all 12 lags for the overall 1952—81 sample period and for the
1972-81 subperiod. The autacorrelations of the changes in inflaton
in part B are generally small, except at lags 1, 2, 11, and 12. These
results indicate that the stochastic process generating Israeli inflation
is nonstationary. Moreover, the pattern of autocorrelations in part B
suggests that the changes in inflation follow a second-order mOvmg
average process with a seasonal moving average component.'

Table 2 contains estimates of this model for several sample periods
along with some tests for the adequacy of the model. The estimates of
the model parameters in table 2 are fairly stable across the three 10-
year subperiods. However, the test stadistics for constancy of the pa-
ramneters within the [0-year subperiods are significant at the 5 percent
level, except for the 1972—81 period. The Box-Pierce (1970) test sta-
tistics indicate that the autocorrelations of the residuals from these
models are small. The Studentized Range test statistics, S.R.(il), test
the hypothesis that the distribution of residuals is normal with con-

! See Bax and [enkins {1976) far a discussion of nonstationary time-series processes
such as this.
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stant mean and variance. These statistics are large in many of the
subperiods, indicating that there are outliers (i.e., large positive or
negative unexpected inflation} or changes in the variance of unex-
pected inflation. The estimates of the residual standard deviation,
5(#), indicate that the variance of unexpected inflation was about four
times higher in 1972-81 than in 1962-71, for example.

Based on the stability of the coefficient estimates in table 2, it seems
reasonable to assume that the predictions and prediction errors from
these models can be used to approximate the expected and unex-
pected components of the CPI inflation rate. In the subsequent tests
using bond returns, expected inflation will be estimated as the predic-
tion from a time-series model like those in table 2, where the model
parameters are estimated using the most recent 60 months of infa-
tion data. Qur measure of unexpected inflation will be the prediction
error from this time-series model.

B.  Indexed Bonds

Indexed bonds are widely held and actively traded in Israel. In 1976
indexed bonds represented about 67 percent of the total market value
of listed securities and about 30 percent of the trading volume on the
Tel Aviv Stock Exchange. In addition, a large amount of bond trad-
ing occurs in the over-the-counter market in Israel. There is also a
large volume of option bonds outstanding where the holder can
choose to receive either 2 fixed payment or a partally indexed payoff
when the bond matures.?

Daily prices of indexed bonds are collected from the Tel Aviv Stock
Exchange's Official Quotations for 77 months between January 1970 and
January 1979. Continuous data are available from January 1970
through August 1971 (402 observations), from January 1974 through
June 1975 (329 observations}, and from October 1975 through Janu-
ary 1979 (777 observations).” We use an equally weighted portfalio of
12 actively traded indexed bonds to measure a daily holding period
return, R, This portfolio represents a sample of the variety of in-
dexed bonds issued by the Israeli government over this period. It
contains coupon bonds with coupon rates ranging from 3 to 7 percent
and maturities at issue of between 5 and 10 years. Once a bond enters
the portfolio it stays until about 3 months prior to marurity, at which
pownt it 15 replaced by another bond of between 5 and 10 years to
maturity. The Tel Aviv Stock Exchange delists bonds that are within a

* Bank of Israel (1977, chap. 19) contains a detailed descriprion of securities markets
in [srael.

* The data were collected From the library ot Tel Aviv University's Recanati Gradu-
ace School of Business Administration. Because some of the quoiatiors may be missing,
there may he same days where trading occurred but for which we have no price data.
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few months of maturity. Thus, the portfolio represents a mixture of
maturities at any point in time. On maturity, the bondholder receives
the par value multiplied by the change in the CPI since the bond was
issued. Some bond issues have only partial indexation (80 or 90 per-
cent}. For an 80 percent indexed bond, the payoff at maturity is 20
percent of the par value plus 80 percent of the par value times the
growth in the CPI since the bond was first issued. The coupon pay-
ments are not indexed.

There are several reasons the prices of indexed bonds might vary
over time in addition to changes in the CPI. First, there 1s some
probability of default, either as a result of wars or because the Israeli
government changes the terms of the bond contract ex post.* Second,
the Bank of [srael apparently intervenes in the bond market with the
intention of affecting bond prices.” Finally, even if the principal and
coupon payments were fully indexed and there was no defaule risk,
the prices of long-term bonds would change if real discount rates
varied over tinle. Thus we do not expect to find that all of the varia-
tion in hond prices is attributable to variation in expected or unex-
pected inflation.

In principle it would be better to incorporate data on coupon yield,
maturity, and so forth into cur analysis. Unfortunately, such data are
not easily available. The data as we have them are good enough for
our purpose since we are interested in the timing of the market re-
sponse ta unexpected inflation, not the absolute magnitude of the
response. If we had data on more bonds and on the detailed charac-
teristics an each band, we could presumably construct a more power-
fui test of the timing of the market response to unexpected inflation ®

lil. Information about the CPI and Bond Price
Behavior

A, Effecis of Information Release on Bond Price
Variability

QOne way to analyze the effects of the CPI announcement on indexed
bond prices is to examine the variability of bond returns on the days

* Gee Bank of [srael {1977, pp. 442-43) for 2 discussion of goverament actions taken
in December 1975 that affected payoffs to subsequently issued indexed bands and the
associated fear that previously issued bands would also be affected. Ad this time the
government also prohibited insticutional investors from trading indexed bonds an
the Tel Aviv Stock Exchange.

" Gee Bank of Tsrael (1977, pp. 448-50) for a discussion of the trading activity by the
Bank of Israel.

% An unpublished appendix to this paper illustrates the effects of nonindexed
coupons, partizl indexaton of principal, term to maturity, and varying real discount
rates an the sensiuvity af indexed band prices to unexpected inflation. This appendix is
available from the authors.
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TABLE 3

ESTIMATES OF THE STANDARD DEVIATION OF INDEXED Bonn RETURNS ON THE Davs
ARQUND CPL ANNQUNCEMENTS

Day Relative 1o the

CPI Annguncement, ¢ Standard Dewiation, o,
-5 00773
-4 006380
= U700
-2 05240
-1 00501
0 00929
1 0803
2 10939
3 U603
4 U636
5 00689
Note.—These standard deviations fac day o relative 1o the CPLannouncement are computed using the daily data
argund gach of the CPLannauncements. ‘Uhe estimate of the sandard deviation uf bond retuens itrespective of CH

announgcementts is 30744 based arall L1508 daily band retarns.

surrounding the CPI announcement. If new information is released
as a result of the announcement, variability should be higher on the
day after the announcement.

Table 3 contains estimates of the standard deviation of bond re-
turns for 11 trading days around the announcement day. For ex-
ample, o4 represents the sample standard deviation of the bond re-
turns on the first trading day after the CPI announcement (day 0)
based on the 77 announcements in our sample. Table 3 also contains
sample standard deviations for 5 trading days before (days — 5 to — 1)
and 5 trading days after (days 1 to 5) the announcement day. The
standard deviation of bond returns on the day following the an-
nouncement is the second highest among the 11 estimates in table 3.
The standard deviation on day 0 is about 25 percent greater than the
esumate of the standard deviation of bond returns for the entire
sample.

This crude test suggests that there is information in the CPI an-
nouncement that was not previously available. However, since the
evidence in tables 1 and 2 indicates that the CPI inflation rate was not
stationary over this sample period, it is doubrful that the process
generating bond returns was stationary. In this case the sample stan-
dard deviations in table 3 would have unknown statistical properties
and staustical tests based on these estimates would be unreliable.

Table 4 contains nonparametric tests based on ranks of the daily
returns within each month. These nonparametric tests should correct
for nonstationarity in the process generating bond returns due to the
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nonstationary infation rate. We rank the daily bond returns within a
month from lowest to highest, 1 to N, where N, is the number of
trading days in month ¢ The days are labeled relative to the an-
nouncement day, so ¢ = Q is the day after the announcement, 1 = ~1
is the day of the announcement, ¢ = 1 is the second day after the
announcement, and so forth. Thus, for each day i relative ta the CPI
announcement within month ¢ there 1s a ranking M, where 1 =M, <
N,. T'o normalize the rankings with respect to the number of observa-
tions per month, we define the variable X,, = (M, — 1)}/(N:, — 1},
which varies between zero and ane. Finally, since we are interested in
either very high or very low returns associated with the announce-
ment of the CPI, we create the variable ¥, = 2|X;, — .5/, which also
varies between zero and one. Under the null hypothesis that bond
returns are unaffected by the CPI announcement, both X, and ¥,
should be approximately uniformly distributed across months ¢ for a
given day 1. Unless we know whether inflation is unexpectedly high or
low when it is announced, we have no hypothesis about Xg,, but Yq,
should be large if bond returns are either high or very low after the
announcement. To test this hypothesis we regress ¥y, against the set of
dummy vartables D,

5
Yi=pn+ Z 8D + uy, (1
i=—%
where D, = 1 when the observauon occurs on day : relaave to the
announcement, and D, = 0 otherwise. For example, Dy, = 1 on the

day after the CPI announcement (day 0). The coefficient §; measures
the differential dispersion in bond return rankings on day i relative to
the CPI announcement.

The results in table 4 show that bond returns are more variable on
the day following CPI announcements. In all but the 1970-71 sub-
period, the estimates of 8, are positive, and for the rotal sample they
are more than two standard errors above zero. There is no indication
that any of the other dummy variable coefficients are different from
zero, so it seems that the announcement day has mare price variability
than the other 10 trading days around the announcement. This crude
test indicates that there is at least some information in the announce-
ment that is not available prior to the announcement. The tests that
follow give 2 more detailed picture of this phenomenon.

B. Effects of Inflation on Daily Bond Returns

To measure the reaction of indexed bond prices 10 new information
about inflation, we are most interested in the relation between bond
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returns and unexpected infladon, @, The current unexpected infla-
tion rate has two effects on the price of an indexed bond. The pre-
dicted future level of the CPI is changed by the amount of current
unexpected inflation. In addition, the future levels of expected infla-
tion are increased (decreased) as a result of positive {negative) unex-
pected inflation.” Thus, the predicted redemption payoff is increased
by current unexpected inflation. The increase in futire expected in-
flation will probably increase nominal interest rates, which decreases
the value of future cash Aows.

One way to determine the time when the bond market first becomes
aware of the unexpected inflation rate is to analyze daily bond returns
around the announcement of the CPIL. To test whether the announce-
ment conveys information that is not already reflected in bond prices,
we could regress the bond return for the frst trading day after the
announcement on the unexpected inflation rate corresponding to the
announced CPI,

R, = o + vyt + €. (2)

For example, if the January CPI is announced on February 15, R, is
the bond return on February 16 and #, is the unexpected inflation for
January. Since we have 77 months of bond return data, the regression
in (2) would use 77 day 0 hond returns to estimate the coefficient of
unexpected inflation ;. If the announcement of the CPI affects band
prices, yo should be positive, [f the bond market is able 1o use sources
ather than the otficial announcement 1o find out about the inflation
that eccurred in January, there should be no adjustment of hond
prices as a result of the official announcement on February 15, and vy,
should equal zero.

As a conventionial test of capital market efficiency, we could esti-
mate the reaction, if any, of bond prices on the days following the CPI
announcement. Defining R, , , as the bond return on the (£ + 1)st day
following the announcement of the CPI and i, as the unexpected
component of the corresponding CPI, the regression

Revg = a + v, + €4y (3)

can be used o estimate any reaction of bond prices that occurs after
day 0. If the coetficients v, are nonzero, it implies that bond prices are
slow to react to the CPI announcement.

Similarly, by looking at the regression of bond returns for the (£ —
l)st day prior to the CPL announcement R,_, we could estimate the

* The persistent pasitive autocorrelations of the inflation rates in table | indicate that
current unexpected inflation increases expectations of inflaton for many futueee pe-
riods.
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reaction of bond prices to unexpected inflation prior to the announce-
ment:

Ri_p= ot vy 4l t €y (1)

For example, if there are about 20 trading days per month and about
10 trading days between the end of the month and the subsequent
CPI announcement, there are about 30 trading days between the
beginning of January and the announcement of the January CPL.
Theretore, we could estimate up to 30 different regression
coefficients y_, to measure the timing of the reaction of bond prices
to the unexpected inflation rate. If bond traders can infer some of the
new information about inflation before the announcement, some of
the coefficients y_, should be positive. For example, suppose that
inflation occurs throughout January that is not predictable from the
information available at the end of December. Bond prices might
increase at the same time that the unexpected inflation occurs, be-
cause bond traders can observe the simultaneous unexpected in-
creases in the prices of a variety of consumption goods (i.e., there is
litle confusion about changes in relative prices versus overall infla-
tion). If this scenario is typical, the coefficients representing the days
when the inflation occurs, y_14 ta y_ |, should be positive. If hond
traders can infer the inflation rate as it occurs, the subsequent an-
nouncement by the Central Bureau of Statistics is redundant and the
coefficients ¥ _ 1y o y5 should be zero.

The regressions in (2), (3), and (4) focus on the effect of unex-
pected inflation on daily bond returns. It is likely that expected infla-
tion zlso affects bond returns, since the expected real return to hold-
ing the bond 1s the expected nominal return minus the expected
inflation rate. The autocorrelations in table 1 indicate that the ex-
pected CPI inflation rate varied substantially during the 1970-79
period. Therefore, we include a measure of the daily expected infla-
tion rate (the prediction of monthly inflation based an the 60 mast
recent months of CPI data divided by the number of wrading days in
the month) in the regressions to reflect the fact that expected bond
returns should be higher when expected inflation rises. For example,
for the announcement day returns, equation (2) would be modified by
including a measure of expected inflation, f,,

R o= a + @p + agtl, + €. (5)

Since expected and unexpected inflation are uncorrelated, the est-
mate of the coefficient of unexpected inflation vyq should be unat-
fected. However, to the extent that bond returns are higher when
expected inflation is high (so that B is positive), adding the expected
infation variable in (5) will decrease the variance of the errors and
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improve the precision of our estimates of the effects of unexpected
inflation. In effect, we are modeling the nonstationarity of inflation
that was discussed in Section I1LA above.

If expected nominal returns are positively related to expected infla-
tion (which is presumably the motivation for buying an indexed
bond), the coefficient of expected inflation should be positive, 8 > 0.
If the expected real returns to indexed bonds are constant over time,
the coefficient of expected inflaton should equal unity, 8 = 1.0.

Instead of estimating many separate regressions of the type illus-
trated hy (2), (3), (4), and (5}, we combine all of these coefficients into
a multiple regression:

—5
R, = o+ Bp + Z Y-rlh+r T € (6)

£=30
The variable p, is used to measure the effect of expected inflation on
daily bond returns. Two values of the expected inflation variable are
used each month. For the trading days after the CPl announcement,
f, is equal to the one-step-ahead forecast from a time-series model like
those estimated in table 2. The model is estimated using the 60 most
recent monthly inflation rates, and the prediction of monthly inflation
is divided by the number of trading days in the month. For the trad-
ing days to and including the CPl announcement, § 1s equal to the
two-step-ahead forecast based on 60 months of data not including the
current value of the CPI. This prediction of monthly inflation is also

divided by the number of trading days in the month *

For example, the December CPI is not announced until January 15;
therefore, until January 16 we base our prediction of January's infla-
tion on the 60 months of data up through November. If this two-step-
ahead prediction of inflation is .04 (4 percent per month) and there
are 20 trading days in January, §, = .04/20 = .0020 for each of the
trading days from January | through January 15. As of January 16
the December CPI is known, so we use the new ane-step-zhead fore-
cast of inflation. Suppose the new forecast is .03 (3 percent per
month); then p, = .03/20 = .0015 for each of the trading days from
January 16 through January 31. The expected inflation variable is
transformed into units of trading days to be comparable with the
bond returns.

The variable 4, equals the unexpected component of the CPl on the
day after the announcement and zero otherwise. Thus, on February

" We also considered regression specifications that allowed the expected bond return
to vary by the day of the week or by the number of days since the last trade. We also
allowed the variability of band returns to be related ta the number of days since the last
trade. None of these specifications improved the statistical properties of the regressians
reparted in the text.
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16 i, equals the unexpected inflation rate for January based on the
one-step-ahead forecast of inflation using 60 months of data includ-
ing December's CPI. The multiple regression in (6} is 2 convenient
way to estimate unexpected inflation coefficients for up 1o 30 trading
days priot to the announcement {y _s0} and up to 5 trading days after
the announcerment (ys). For the days between the beginning of Janu-
ary and the announcement of December’s CPI on January 15, we use
a measure of unexpected January inflation based on the two-step-
ahead prediction from November. Thus, for days —30 to —20, the
expected inflation variable does not use information about the previ-
ous month’s CPI (which is not yet announced).

Since there are approximately 20 trading days per month, the
coefficients y_ 34 to v _|; represent daily responses to unexpected in-
fladon during the period when the inflation occurs, the coefficients
¥-10to ¥y represent responses of bond prices between the end of the
month when the inflation occurs and the subsequent announcement,
the coefficient ¥4 measures the response of bond prices on the day
after the announcement, and the coefficients v, to y5 represent any
response of hond prices during the next 5 trading days after the
announcement. The toral effect of unexpected inflation on bond
prices is measured by adding up the coefficients y_ 34 to 7.

C. The Speed of Reaction of Bond Prices to Unexpected
Inflation

Table 5 contains estimates of regressions similar to (6) for the 1970-
79 sample period and the three subsamples, 1970-71, 1974~75, and
1975-79. To economize on the number of parameters to be es-
timated, the results in table 5 impose the constraine that the
coefficients of unexpected inflation are equal within each 5-day inter-
val from —30to0 —26, —25t0 —21, and so forth. The coefficient for
the announcement day, vy, is estimated separately.

The last column in table 5 measures the total response of bond
returns to unexpected inflation by summing the weekly coefficients,
multiplying this sum by 5.0, and adding the announcement day
coefficient, yo. This estimate of the total response of bond returns to
unexpected inflation helps put the magnitude of the announcement
day coefficient in perspective. Even though there is a statistically
significant announcement day effect in table 5, the announcement
day reaction of bond prices is anly a small part of the reaction to
unexpected inflation.

Several things are notable about the results in table 5. First, the
results for the January 1970 to August 1971 subperiod are weak
compared with the other two subperiods, or with the overall sample,
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Sum of Unewpected Inflatign Coefficients, 2;=—30 ?i
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Days Relative to Anooyncement Date, &
Effeccs of Unexpected Lnflacian on Israeli [ndexed Bond Rerutrns

Fr6. 1. —Cumulative effects of unexpected inflation, January 1970-[anuary 1974

so most of the subsequent remarks do not apply to the first subperiod.
Second, the effect of expected inflation on nominal bond returns is
positive for the total sample period. More important, the coefficients
for the unexpected inflation variables in table 5 are generally paositive,
and some are several standard errars above zera. For example, for
the total sample of 1,508 daily observations, the announcement day
coefficient is .081 with a standard error of .033, and the estimates of
Y_11t0 ¥_5 and yv_qy; 10 y_g5 are more than two standard errors
above zero. These estimates suggest that about 14 percent of the tatal
effect of unexpected inflation en bend returns accurs on the day the
CPI 15 announced, while about 86 percent of the effect occurs during
the 11-25 days prior to the announcement. In other words, most of
the adjustment occurs within the month the inflation actually occurs,
but there is still 2 substantial additional adjustment on the announce-
ment day. This pattern is similar for the subperiods.

The timing of the reaction of bond prices to unexpected inflation is
llustrated in figure 1. This graph is based on an unconstrained esti-
mate of equation (6) using 1,508 daily observations between January
1970 and January 1979. Figure 1 shows how the effects of unex-
pected inflation on bond prices accumulate during the 6 weeks from
the beginning of the month up through the announcement of the
CPI. This plot is the cumulative sum of the coefficient estimates in
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equation (8), S5 404, where k = —30, ..., 5. The cumulative sum
rises smoathly from day —23 up to day — 9, where it is approximately
59. There is no additional change until the announcement day, when
it rises to about 71. Thus, an unexpected 1.0 percent increase {de-
crease) in the CPI is associated with a 0.71 percent increase (decrease)
in bond prices during this peried of 30 trading days. It appears that
about 85 percent of the adjustrment of band prices occurs between
days —23 and -9, when the inflation occurs, and the remaining 15
percent adjustment occurs immediately after the CPI is announced.
The two standard error range around the cumulative sum at day 0 1s
from (.33 10 1.09.

IV. Effects of Measurement Error in Expected
and Unexpected Inflation

Our measure of unexpected inflation is a proxy for the new informa-
tion that becomes available to the bond market between the beginning
of a month and the announcement of that month’s CPI. The unex-
pected inflation measure is merely a proxy because the time-series
prediction model may not fully capture the bond market’s informa-
tion ar the beginning of each month. Several types of errors could
affect the estimates in figure | and in table 5. Some extreme cases
help put the previous results in perspective.

First, suppose that the bond market has perfect foresight, so that
the actual inflation rate is perfectly predictable from information
available to bond traders, although it is not perfectly predictable fram
past inflation rates. In this case, the distinction between expected and
unexpected inflation is meaningless, and the statistical model used to
measure unexpected inflation would be a poor proxy for the new
information thac becames available to the bond market. There should
be no reaction of band prices to the announcerment of the CPL. Thus,
the fact that bond prices seem to be positively related to our measure
of unexpected inflation on the day after the announcement indicates
that our statstical model does proxy for the unexpected component
of the CPL

Another question that arises concerns the effects of random or
systematic measurement errors in the calculation of the CPI. Suppose
that the level of the CPI contains a serially random measurement
error each month (possibly due to sampling error in collecting a sam-
ple of consumer goods prices). Since the payoff on indexed bonds is
linked to the level of the CPI in the month of maturity, random
sampling errors in the current month should not affect bond traders’
expectations of the future level of the CPIL. In this case, any measure
of unexpected inflation would contain two parts, one that represents
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new information about current inflation and future expected infla-
tion and a second part that is pure measurement error. The larger the
variance of the measurement error relative to the variance of the
underlying unexpected inflation rate, the lower will be all of the esti-
mates of the unexpected inflation coefficients. In effect, this is a form
of the errors-in-variables problem. In this case, all of the unexpected
inflation coefficients will be biased toward zero, but the relative mag-
nitudes should not be affected. Therefore, the timing of the respanse
of bond prices to unexpected inflation would be correctly measured
by the coefficients in figure 1, for example, but the overall magnitude
of the effect would be underestinated. Given that the estimates of
many of the unexpected inflation coefficients in table 5 are more than
two standard errars greater than zero, it seems that the problem of
random measurement errors in the CPI is not serious.

It is possible that current errors in the CPI could have a permanent
effect on future levels of the CPI.? A large number of commodity and
service prices are controlled by the government and are automatically
adiusted to reflect the current level of the CPL. Also, many labor and
rental contracts are indexed to the CPI or to the U.S. dollar. Thus, it
is possible that random sampling error could cause a permanent
change in the CPI. Since the terminal payoff on indexed bonds is
linked to the CPI, it is possible that bond prices would react to the CPI
announcement, even if “unexpected inflation” were due to sampling
errors by the Central Bureau of Statistics. Thus, it is possible that
bond prices fully reflect the “true” inflation rate at the time when the
inflation occurs, and the subsequent reaction of bond prices when the
CPI is announced merely reflects the sampling error of the govern-
ment agency. From this perspective, the proportion of the reaction of
bond prices to unexpected inflation that occurs after the announce-
ment is an upper bound on the extent to which bond prices fall 1o
reflect the “true” inflation rate.

Another source of errar in gur estimates of expected and unex-
pected inflation concerns the time at which estimates of expected
inflation are revised. Recall that in table 5 two different estimates of
expected inflation are used within each month. For the days from
January 1 through January 15, the two-step-ahead forecast of infla-
tion based on the November CPlL is used. Since the December CPI is
available on January 16, the remaining days in the month use the one-
step-ahead forecast. This procedure is conservative in the sense that it
assumes that bond traders know nothing about the December CPI
until it is announced on January 5. Based on the estimates of the

¥ We would like to thank Michael Mussa for this argument,
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response of indexed bond prices to unexpected inflation in table 5, it
seems that bond traders know most of the information about the
December CPI by January 1. Therefore, the estimates of expected
and unexpected inflation from January 1 through January 15 in table
5 probably use less information than the market.

To illustrate a different assumption about the information available
to bond traders, table 6 contains estimates equivalent to those in table
5, except that the one-step-ahead forecast of January's inflation is
used for each day in the month. In other words, the regressions in
table 6 assume that bond traders know the December CPI as of Janu-
ary 1. Interestingly, the estimates of the coefficients of hoth expected
and unexpected inflation are larger in table 6 than the corresponding
estimates in table 5. For example, for the total sample period January
1970 through January 1979 the estimate of the coefficient for ex-
pected inflation increases from 424 to .648 and the estimate of the
total effect of unexpected inflation increases from .600 1o .720. Al-
though the magnitude of these estimates increases, the pattern of
tming of the effect of unexpected inflation on bond returns is virtu-
ally the same as in 1able. 5. Approximately 84 percent of the response
occurs from 11 to 25 trading days prior to the announcement, and
about 11 percent occurs on the day after the announcement.

We interpret the differences in the results between tables 5 and 6 as
an illustration of the effects of measurement errors in our proxies for
expected and unexpected inflation. Recall that the only differences in
the regressions concern the proxies for expected and unexpected
inflation during the first half of each month. In table 5 we assume that
the previous maonth's CPl is completely unknown untl it is an-
nounced. In table 6 we assume that the market knows the previous
manth’s CPI by the end of the month when the prices are measured.
The estimates of expected and unexpected inflation that are used in
table 6 contain more current information than the estimates in table
5. If the bond market really does have such current information
about inflation, the proxies used in table 5 contain measurement er-
rors, and it 1s not surprising that the coefficient estimates for both
expected and unexpected inflation are closer to zero. Of course, It 1s
well to reiterate that the pattern of timing of the response of bond
prices to unexpected inflation is unaffected.'®

' Given that most of the reaction of bond prices 1o unexpected inflation accurs
between days 20 and — L4}, we also considered the possibility that the period between
CPLl announcements was the relevant period of analysis. This would be from day — 20
w day . The results from estimating this specification, constraining the coefhcients for
days —30 o ~21 10 equal zero, are very similar to the results in tables 5 and 6 and

fig. I
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V. Summary and Conclusions

The market for consumer-price-indexed bonds provides an opportu-
nity to study the extent to which available information is reflected in
security prices. We examine the timing of the reaction of bond prices
to the occurrence and subsequent announcement of inflation in the
CPIL. Mast of the reaction (about 85 percent) accurs from 2 1o 5 weeks
before the announcement, which is the period when the nflation
accurs. There is no discernible reaction of bond prices during the 2
weeks from the end of the month when commodity prices are mea-
sured until the announcement of the price index. There s a
significant reaction of bond prices on the day after the CPI is an-
nounced (about 15 percent of the total reaction). Thus, it seems that
bond prices reflect most of the information about inflation at the same
time that the inflation occurs, but bond prices do not fully reflect the
behavior of infation, since there is a reaction to the formal announce-
ment of the CPL

The evidence in this paper has implications for the theoretical liter-
ature on asset pricing. Some models (most notably Grossman [1976}])
show the existence of equilibrium prices that reflect all traders’ pri-
vate information, even when information varies across traders and no
uader collects informacion already available to others. To the extent
that the CPI 1s just an aggregation of individual commaodity prices, the
announcement of the CPI does not add to the set of information
available to all investors. Since bond prices react ro the CPI announce-
ment, they do not fully reflect the aggregate informanon avallable to
all investors.

Nevertheless, the evidence in this paper indicates that ahout 85
percent of the reaction of bond prices occurs during the month when
consumer goods prices are changing. Interestingly, there seems to be
no additional reaction between the end of the month and the an-
nouncement of the CPI 2 weeks later. Thus, even though bond prices
do not completely reflect inflation as it accurs, it seems that most of
the information about inflation is reflected in band prices very
quickly. This finding has implications for the monetarist rational ex-
pectations business-cycle maodels, such as Lucas (1973, 1975) and
Barra (1980). In these models, current economy-wide data (such as
the inflation rare) are not available to individuals, so their decisions
are based on inferences about economy-wide data from observations
in local markets (such as individual commodiry prices). Consequently,
people confuse relative price changes with overall inflation. Our
findings suggest that this confusion is minimal, as most of the learning
about unexpected inflation takes place as soon as inflation occurs. At
the least, the results in this paper raise questions about whether mis-



L4 JOURNAL OF POLITICAL ECONOMY

perceptions of inflation are large enough to explain substantial fluctu-
ations in real activiry.

References

Admati, Anat. “On Models and Measures of Information Asymmetries in
Financial Markets.” Ph.D). dissertation, Yale Univ., 1983.

Bank of Israel. Annual Repart 1976. [erusalem: Finance Committee of the
Knesset, 1977

Barro, Robert J. “A Capital Market in an Equilibrium Business Cycle Maodel.”
Econometrica 48 (September 1980): 1393-1417.

Box, George E. P., and Jenkins, Gwilym M. Time Series Analysis: Forecasting
and Control. Rev. ed. San Francisco: Holden-Day, 1976.

Box, Gearge E. P., and Pierce, David A. “Distribution of Residual Autacorre-
lations in Autoregressive-integrated Maving Average Time Series Models.”
J. Amertcan Statis. Assoc. 65 (December 1970): 1509-26.

Cornell, Bradford. “Money Supply Announcements and Interest Rates: An-
other View.” [ Bus. 56 (January 1983): 1-23,

Diamond, Douglas W., and Verrecchia, Robert E. “Information Aggregation
in a Noisy Rational Expectations Economy.” J. Financial Econ. 9 (September
1981): 221-35.

Fama, Eugene F. Foundations of Finance. New Yark: Basic Books, [1976.

Grossman, Sanford J. “On the Efficiency of Competitive Stock Markets
Where Traders Have Diverse Information.” J. Finance 31 (May 1976): 575
85.

. “Further Results on the Informartional Efficiency of Competitive
Stack Markets.” f. Fean. Theory 18 (June 1978): 81-101L

Grassman, Sanford J., and Stiglitz, Joseph E. “On the Impossibility of Infor-
mationally Efficient Markers.” A E.R. 70 (June 1980): 393-408.

Hess, Patrick |, and Bicksler, James L. “Capital Asset Prices versus Tirne
Series Madels as Predictors of Inflation: The Expected Real Rate of [nter-
est and Market Efficiency.” J. Financial Econ. 2 (December 1975): 34160,

Israel Central Bureau of Stadistics. “Consurner Price Index.” Technical Publi-
cation na. 29. ferusalem: Central Bureau of Stanistics, 1968,

Lucas, Robert E., Jr. “Some International Evidence on Output-Inflation
Tradeofts.” A.ER. 63 (June 1973): 326-34.

. “An Equilihrium Model of the Business Cycle.” f P.E. 83 (December

1975): 1118—44.

Nelson, Charles R. “Inflation and Rates of Return on Common Stocks.” f.
Finance 31 {May 1976): 471-83.

Nelson, Charles R., and Schwert, G. William. “Short-Term Interest Rares as
Predictors of InHation: On Testing the Hypathesis That the Real Rate of
[neerese {s Constant.” ALE.R. 67 (June 1977): 478—86.

Radner, Roy. “"Raconal Expectations Equilibrium: Generic Existence and the
Information Revealed by Prices.” Econometrica 47 (May 1979): 655-78.
Schwert, ;. William. “The Adjustment of Stock Prices to Information about

Infation.” . Fingnee 36 (March 1981): 15-29.

Urich, Thomas, and Wachtel, Paul. “The Effects of Infation and Money
Supply Announcements an Interest Rates.” [ Finance 39 (September
1984): 1177-88.




		1999-09-28T14:30:46-0500
	G. William Schwert
	I am the author of this document




