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Abstract

Survey data on household expectations of inflation are routinely used in economic

analysis, yet it is not clear to what extent households are able to articulate their

expectations in survey interviews. We propose an alternative approach to recovering

households’ implicit expectations of inflation from their consumption expenditures. We

show that these implicit expectations have predictive power for CPI inflation. They

are better predictors of CPI inflation than survey responses, except for highly educated

consumers. Moreover, households’ implicit inflation expectations respond to inflation

news, consistent with recent work on the transmission of information across consumers.

The response of consumers’ expectations to inflation news tends to increase with their

level of education. Our evidence strengthens the case for macroeconomic models with

sticky information.
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Non-technical summary

 Survey data on household expectations of inflation are routinely used in economic analysis, 

yet it is not clear to what extent households are able to articulate their expectations in survey 

interviews. In this paper, we propose an alternative approach to recovering households' implicit 

expectations of inflation from their consumption expenditures. Our analysis yields a rich set of 

results. First, we show that this new implicit measure of inflation expectations contains useful 

information about future CPI inflation beyond the information contained in lagged CPI inflation. 

It also contains useful information about CPI inflation beyond the information conveyed by the 

Michigan survey measure of inflation expectations. We also study how implicit household 

expectations are affected by news to inflation as measured by the linearly unpredictable 

component of the inflation forecasts reported in the Survey of Professional Forecasters (SPF). 

We find strong evidence that household inflation expectations are driven by news about inflation, 

consistent with models of sticky information and rational inattention. 

 While aggregate results provide a useful benchmark, our approach also allows us to 

disaggregate the CEX data by the educational status of the household. As the consumer's 

educational attainment can be expected to be correlated with his ability to articulate expectations 

in response to survey questions, these disaggregate results are helpful in assessing the empirical 

plausibility of the new implicit inflation expectations measure. Of particular interest is a 

comparison of the survey inflation expectation and implicit inflation expectation decomposed by 

educational status. Our second result is that indeed there is strong statistical evidence that the 

implicit measure has higher predictive power for CPI inflation than the survey measure for 

consumers with low levels of education, but not for consumers with high levels of education. 

Moreover, impulse response estimates show that the responsiveness of household expectations to 

SPF surprises is systematically increasing in educational status. In addition, we construct an 

inflation news index based on information in Lexis/Nexis. We provide econometric evidence that 

highly educated consumers update their implicit inflation expectations more, as the intensity of 

media reports about inflation increases. 

 We conclude that actions indeed speak louder than words, especially for agents with low 

levels of education, consistent with the conjecture that only the most highly educated consumers 

are able to articulate their inflation expectations in response to survey questions. Our evidence 

shows that CEX data in conjunction with crude economic models can provide an effective tool 

for measuring household inflation expectations. The resulting expectations data complement 

existing measures from the Michigan Survey of Consumers.



Nicht-technische Zusammenfassung 

 Bei der Wirtschaftsanalyse werden zwar routinemäßig Umfrageergebnisse über die 

Inflationserwartungen der privaten Haushalte verwendet, doch es ist nicht klar, inwieweit 

Privatpersonen bei der Befragung in der Lage sind, ihre Erwartungen zu formulieren. Im 

vorliegenden Dokument schlagen wir eine andere Methode vor, um die impliziten 

Inflationserwartungen der privaten Haushalte anhand ihrer Konsumausgaben zu ermitteln. 

Unsere Untersuchungen führten zu reichhaltigen Ergebnissen. Zum einen zeigen wir, dass 

diese neue implizite Messung von Inflationserwartungen nützliche Informationen über die 

zukünftige Inflation (Konsumentenpreise) liefert, die über die Aussagekraft der zeitlich 

verzögerten Inflation hinausgehen. Wir gewinnen damit auch wertvolle Erkenntnisse über die 

Entwicklung der Inflation, die über die Ergebnisse der von der Universität Michigan 

vorgenommenen Erhebung der Inflationserwartungen hinausgehen. Außerdem untersuchen 

wir, wie die impliziten Erwartungen der privaten Haushalte durch neue Informationen über 

die Inflation, gemessen an der linear nicht vorhersagbaren Komponente der im Survey of 

Professional Forecasters (SPF) enthaltenen Inflationsvorhersage, beeinflusst werden. Es gibt 

deutliche Anzeichen dafür, dass die Inflationserwartungen der privaten Haushalte in 

Übereinstimmung mit dem Sticky-Information-Modell und dem Rational-Inattention-Modell

von Neuigkeiten über die Preisentwicklung bestimmt werden. 

 Aggregierte Ergebnisse sind zwar eine nützliche Bezugsgröße, aber unser Ansatz 

ermöglicht es uns auch, die CEX-Daten nach dem  Bildungsstand der privaten Haushalte 

aufzugliedern. Da davon ausgegangen werden kann, dass die Fähigkeit eines Verbrauchers, 

bei der Beantwortung der Erhebungsfragen seine Erwartungen zu formulieren, von seinem 

Bildungsniveau abhängt, sind diese aufgeschlüsselten Ergebnisse bei der Beurteilung der 

empirischen Plausibilität der neuen Berechnung der impliziten Inflationserwartungen 

hilfreich. Von besonderem Interesse ist hierbei ein Vergleich der durch die Erhebung 

ermittelten Inflationserwartungen mit den nach Bildungsstand aufgegliederten, impliziten 

Inflationserwartungen. Wie wir zweitens erkennen konnten, spricht in der Tat viel dafür, dass 

die implizite Berechnung bei Verbrauchern mit niedrigem Bildungsniveau eine größere 

Aussagekraft hinsichtlich der VPI-Inflation hat als die Erhebungsergebnisse; auf Verbraucher 

mit hohem Bildungsniveau trifft dies allerdings nicht zu. Außerdem zeigen Impuls-Antwort-

Schätzungen, dass die Empfindlichkeit, mit der die Erwartungen der privaten Haushalte auf 

Überraschungen bei den SPF-Ergebnissen reagieren, mit zunehmendem Bildungsniveau 

systematisch ansteigt. Darüber hinaus erstellen wir einen „Inflation News Index“, der auf 

Lexis/Nexis-Meldungen basiert. Wir weisen ökonometrisch nach, dass Verbraucher mit 

hohem Bildungsstand ihre impliziten Inflationserwartungen umso häufiger aktualisieren, je 

mehr die Medien über die Inflation berichten. 

 Wir schließen daraus, dass Taten wirklich mehr sagen als Worte, vor allem bei 

Akteuren mit niedrigem Bildungsniveau, was sich mit der Annahme deckt, dass nur die 



gebildetsten Verbraucher in der Lage sind, bei der Beantwortung der Erhebungsfragen ihre 

Inflationserwartungen zu formulieren. Unser Datenmaterial zeigt, dass die CEX-Daten in 

Verbindung mit einfachen ökonomischen Modellen ein wirksames Instrument zur Ermittlung 

der Inflationserwartungen der privaten Haushalte sein können. Die dabei gewonnenen 

Erwartungsdaten ergänzen die bisherigen Untersuchungsergebnisse des Michigan Survey of 

Consumers. 





1 Introduction

Survey data on household inflation expectations are routinely used in economic analysis

(see, e.g., Thomas 1999; Mankiw, Reis and Wolfers 2003; Souleles 2004). Despite recent

evidence in Ang, Bekaert andWei (2006) that survey expectations of inflation tend to be

more accurate than term structure forecasts and regression-based forecasting methods

including Phillips curve models, there is reason to be skeptical about the accuracy of

these household survey data. It is well known that reported survey expectations of

inflation may di er systematically from both the inflation forecasts available in the

survey of professional forecasters and from actual consumer price inflation rates (see

Figure 1). One possible explanation is that households are simply not acting rationally,

which has prompted tests of the rationality of household inflation expectations (see,

e.g., de Menil and Bhalla 1975; Fackler and Stanhouse 1977; Gramlich 1983; Bryan and

Gavin 1986; Grant and Thomas 1999; Mehra 2002; Souleles 2004). This paper considers

an alternative explanation. We explore the possibility that some households are unable

to communicate accurately their expectations in response to survey questions.

The prima facie evidence for this explanation is strong. The Michigan survey of

consumers elicits consumers’ inflation expectations in two steps: The first question

relates to the direction of future inflation: ’During the next 12 months, do you think

that prices in general will go up, or go down, or stay where they are now?’. Respondents

are then confronted with a more specific question: ’By what percent do you expect prices

to go up, on the average, during the next 12 months?’. The first row of Table 1a shows

that on average more than 1% of the respondents to the Michigan survey of consumers

are unable to answer the first question. An additional 7% of consumers are able to

determine the likely direction of future inflation, but fail to answer the second question

because they cannot articulate the expected value of the future inflation rate.

If our alternative explanation were true, one would expect that more highly edu-

cated consumers would be better able to articulate their inflation expectations. Indeed

Table 1a shows that a systematic decline in the fraction of nonrespondents, as the edu-

cational status of the household improves. Whereas 3.12% of the respondents without
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a high school diploma were completely unable to answer question 1, that fractions falls

to 1 % for high school graduates, 0.69% for consumers with some college education,

0.67% for respondents with a college degree and 0.66% for respondents with a graduate

degree. Similarly, the fraction of respondents who cannot answer the second survey

question drops from 16.12% for consumers without high school diplomas, to 7.74% for

high school graduates, 5.31% for consumers with some college experience, 4.34% for

college graduates and 4.31% for consumers with graduate degrees.

This evidence is likely to understate the problem. It stands to reason that there

must be consumers who arbitrarily indicate some range of inflation rather than admit

their inability to complete the survey. In addition, there will be respondents who are

unable to report their views accurately despite their best intentions. This view is

supported by the prevalence of some extreme views of survey respondents that seem

at odds with the actual inflation experience over the same sample period (see Table

1b). For example, on average 3.33% of respondents expect implausibly high inflation in

excess of 15% and an additional 16.32% of respondents on average expect no inflation

at all, of which a quarter goes as far as expecting consumer prices to fall. Thus, the

reliability of survey data on inflation expectations cannot be taken for granted.

This paper proposes an alternative approach to measuring household inflation ex-

pectations. While it may be di cult for households to articulate their inflation expec-

tations, this does not mean that households do not form such expectations. By trading

o future consumption against current consumption, households e ectively take a stand

on inflation expectations. Thus, by observing household consumption growth and by

assuming that households, controlling for demographic characteristics, on average op-

timize their consumption decisions, we should be able to construct an implicit measure

of households inflation expectations, provided that we are willing to take a stand on

the interest rate faced by households, on the functional form of their utility function

and on their intertemporal elasticity of substitution. In this paper we use household

expenditure data from the Consumer Expenditure Survey (CEX) conducted by the

BLS to construct estimates of consumers’ implicit inflation expectations both at the

aggregate level and controlling for educational status as a proxy for households’ ability
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to articulate inflation expectations. In doing so, we tap a previously unutilized source

of information on households’ inflation expectations.

Our analysis provides a rich set of testable implications. The empirical results of

these tests are of interest to users of the Michigan Survey of Consumers as well as

to academic macroeconomists. One set of results pertains to aggregate measures of

inflation expectations without controlling for educational status. The first question of

interest is whether the new implicit measure of inflation expectations proposed in this

paper contains useful information about future CPI inflation beyond the information

contained in lagged CPI inflation. We confirm that our new measure of inflation

expectation has marginal predictive value for CPI inflation at the one-quarter horizon.

A second question is whether the implicit measure of household inflation expecta-

tions contains useful information about CPI inflation beyond the information conveyed

by standard survey measures. We show that the implicit measure of inflation expecta-

tions is a better predictor of the realizations of CPI inflation than the Michigan survey.

The reduction in the root prediction mean-squared error (RPMSE) is 6.2 percentage

points. In addition, our measure of inflation has higher marginal predictive power

for CPI inflation than the Michigan survey measure, albeit lower marginal predictive

power than the Survey of Professional Forecasters (SPF).

Third, we study how these household expectations are a ected by news to inflation

as measured by the linearly unpredictable component of the inflation forecasts reported

in the Survey of Professional Forecasters. We find strong evidence that household

inflation expectations are driven by news about inflation, consistent with models of

sticky information and rational inattention (see, e.g., Ball, Mankiw and Reis 2005;

Barsky and Kilian 2002; Carroll 2003a,b; Mankiw and Reis 2002; Roberts 1995, 1997,

Sims 2002, 2005).

While aggregate results provide a useful benchmark, our approach also allows us

to disaggregate the CEX data by the educational status of the household. As the

consumer’s educational attainment can be expected to be correlated with his ability to

articulate expectations in response to survey questions, these disaggregate results are

helpful in assessing the empirical plausibility of the new implicit inflation expectations
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measure. Of particular interest is a comparison of the survey inflation expectation and

implicit inflation expectation decomposed by educational status.

A natural conjecture is that the predictive power of the implicit measure of inflation

expectations will be strongest relative to the survey measure for consumers with lower

levels of education. Such a pattern would be consistent with the view that consumers

with less education are less able to articulate the beliefs that they base their consump-

tion decisions on. We show that this conjecture is broadly supported by the data.

Specifically, for consumers with at most a high school degree the reduction in RPMSE

from using the implicit measure instead of the survey measure ranges from 8.4 to 10.5

percentage points. For consumers with some college experience, this number drops

to 4.2 percentage points. For consumers with at least a college degree the reduction

diminishes to between 1.5 and 2.0 percentage points.

Moreover, formal model selection criteria suggest that there is strong statistical ev-

idence that the implicit measure has higher predictive power for CPI inflation than the

survey measure for consumers with low levels of education. For all consumers with less

than a college degree, the Schwarz Information Criterion ( ) selects the forecasting

model based on the implicit expectations. For consumers with higher education levels,

the ranking is reversed in favor of the Michigan survey measure.

A final test of the economic plausibility of our measure is that more educated con-

sumers should respond more strongly to inflation news from the Survey of Professional

Forecasters. Using structural impulse response analysis we find evidence supporting

that view. Impulse response estimates show that the responsiveness of household ex-

pectations to SPF surprises is systematically increasing in educational status.

In addition, we construct an inflation news index along the lines of Carroll (2003a)

based on information in Lexis/Nexis. Using an econometric model of the conditional

heteroskedasticity in inflation expectations, we provide evidence that highly educated

consumers update their implicit inflation expectations more, as the intensity of media

reports about inflation increases. While the estimated coe cient on the news variable is

only slightly positive and insignificant in the aggregate, there are systematic di erences

across educational groups. We show that the extent of the updating of expectations
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tends to increase with the educational status of the consumer for all but the highest

levels of education. These findings lend further support to models of sticky information.

We conclude that actions indeed speak louder than words, especially for agents

with low levels of education, consistent with the conjecture that only the most highly

educated consumers are able to articulate their inflation expectations in response to sur-

vey questions. Our evidence shows that CEX data in conjunction with crude economic

models can provide an e ective tool for measuring household inflation expectations.

The resulting expectations data complement existing measures from the Michigan Sur-

vey of Consumers.

The remainder of the paper is organized as follows. Section 2 introduces the model

of consumption behavior underlying the econometric analysis. We show how that model

motivates regressions that allow us to recover households’ implicit inflation expecta-

tions. The data are described in section 3. Section 4 contains the analysis of inflation

expectations at the aggregate level as well as disaggregated by consumers’ educational

status. We conclude in section 5.

2 Model

Suppose that household maximizes

0(
X
=0

( ))

with respect to consumption subject to a sequence of budget constraints where

is a discount factor. The utility function embodies the commonly used assumption of

constant relative risk aversion:

( ) =
1

1
1 exp( 0 + )

where 1 denotes the intertemporal elasticity of substitution, is a fixed-e ect prefer-

ence shifter and is a vector of time-varying demographic variables that are assumed
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to be exogenous. Intertemporal optimization yields the Euler equation:

0 + =
h
(1 + +1) +1

0

+1+
i

(1)

where +1 denotes the real interest rate prevailing in period . A second-order approx-

imation to the Euler equation yields

( +1) = +
1

( +1) +
2

2 +
0

+1 (2)

where

2 =

µ
+1

1
+1

¶
1 (3)

This quadratic approximation (2) will be exact when +1 and +1 are jointly

normally distributed.

In addition, we make the following three assumptions:

1. We equate ( +1) with the cross-sectional mean of the households’ expectations

of the real interest rate, +1.

2. ( +1 +1) = 0.

3. ( +1) is constant.

Assumptions 1 and 2 would hold, for example, if markets were complete such that

cross-sectional and time series averages coincide in population. Assumption 1 allows us

to estimate (1 ) ( +1) by dummy variables.
2 When Assumption 3 does not hold,

our empirical measure of expectations actually represents a weighted average of the

conditional mean and of the conditional variance of +1. Although we have no reason

to suspect that these assumptions hold literally, we will proceed as if they do. This

approach is consistent with the view that in generating expectations (or forecasts)

imposing incorrect structure may still be helpful in reducing out-of-sample prediction

errors. The usefulness of these assumptions will be judged in section 4 based on the

predictive performance of the resulting implicit expectations measure. Clearly, if our

1See equations (2.10) and (2.11) of Deaton (1992, p. 64), for example.
2For a related approach see Beaudry and van Wincoop (1996).
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assumptions were far from reality, one would not expect the resulting measure of infla-

tion expectations to be a good predictor. The usefulness of these approximations may

also be judged by whether the results broken down by educational status are econom-

ically plausible. Our empirical results are reassuring on both counts, as will be shown

in section 4.

In practice, we will proceed as follows: First we estimate the time dummy coe -

cients { } =1 in

+1 =
X
=1

1( = +1)+ 0
+1+

1

2
(

X
=1

1( = ) 0 )2+ +1

(4)

by nonlinear least-squares (NLS), where 1(·) is an indicator variable chosen such that

1( ) = 1 if event is true and 1( ) = 0 otherwise. The estimates of { } =1 are

intended to capture the real interest expectations. In practice, these estimates may be

contaminated by aggregate shocks that a ect all households equally. That possibility

will be addressed in the empirical section. To facilitate the exposition we will abstract

from aggregate shocks for now.

The second term in equation (4) captures the second-order term of the quadratic

expansion. Our specification of the conditional variance term is similar to the ARCH

specification of the income process used in Meghir and Pistaferri (2004). Note that

we do not include an intercept in (4) because neither the location nor the scale of the

expected real interest rate is identified. The expected real interest rate will be an a ne

transformation of the estimates of the dummy coe cients. This fact does not a ect

our subsequent statistical analysis because we are only interested in the linear e ects

of changes in expectations.

Equation (4) can be estimated by NLS because there are no endogenous regressors

and the regression disturbance is orthogonal to lagged variables. To the extent that

our measure of household consumption includes durables, there could be an MA(1)

component in the regression error. If so, the NLS estimates would be ine cient, but

consistent, and the presence of an MA component in the regression error would not im-

pair our analysis. The presence of household durables also would call into the question
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the interpretation of the time dummies as expectations. We will provide additional

sensitivity analysis in section 4 that addresses this concern.

Given estimates of { } =1, our a ne measure of household inflation expectations

is defined by

+1| = +1
b
+1 (5)

where +1 is the nominal interest available to consumers in quarter . This rate can

be observed in principle. In this paper, we will use the average rate of interest charged

on credit card accounts as a proxy for the marginal interest rate faced by consumers.

Similar results would be obtained with the Treasury bill rate. The regressor ˆ +1 is a

generated regressor, the estimation uncertainty of which vanishes as the cross-sectional

dimension of the panel increases. This uncertainty can be treated as negligible in

practice, allowing standard inference. Given a value for , this relationship implies the

date expectation of inflation from period to period + 1.

As Carroll (2001) points out, it is not clear how reliable regression estimates of

will be in general. Many empirical tests of the usefulness of the implicit expectations

measure (such as predictive accuracy tests) can be conducted by simply regressing

the variable of interest on +1 and ˆ +1. The advantage of focusing on unrestricted

linear combinations is that one does not require an explicit choice of . Where we

do construct an explicit time series for the expectation of inflation in section 4, we

will consider a range of alternative values of . One approach to estimating is

based on independent survey evidence. Barsky, Kimball, Juster and Shapiro (1997)

elicit estimates of the intertemporal elasticity of substitution from households’ survey

responses to hypothetical situations. The midrange of their elasticity estimates is about

0 2. Since the intertemporal elasticity of substitution is 1 , this midrange estimate

implies = 5, which is also consistent with the regression estimates in Hall (1988).

Other authors have obtained somewhat lower regression estimates of . For example,

Basu and Kimball (2002) arrive at a value of = 2. Given the potential imprecision

of these estimates, in section 4 we compute results for a grid of values, encompassing

estimates implied by independent survey evidence as well as regression estimates. Our

qualitative findings are una ected by the choice of .
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3 Data

3.1 CEX Data

The estimation of equation (4) requires household data on consumption expenditures.

In this paper, we will use expenditure data from the Consumer Expenditure Survey

(CEX). Unlike the Panel Study on Income Dynamics (PSID), the CEX contains not

only food consumption data, but also other relevant household consumption expendi-

tures along with the characteristics of the households. The CEX data set contains data

from two di erent types of surveys: an interview survey and a diary survey. We will

use the interview survey data only, since the diary survey does not allow construction

of time series of expenditures for specific households at monthly or quarterly frequency.

3.1.1 Household Selection

Panel A consists of households that are surveyed in January, April, July and October.

Panel B consists of households that are surveyed in February, May, August and No-

vember. Panel C consists of households that are surveyed in March, June, September

and December. We will drop households

• with missing data relevant to our analysis.

• with negative or zero total consumption expenditures.

• in Panel A when data are not available for at least three consecutive quarters.

• in Panels B and C when data are not available for four consecutive quarters.

3.1.2 Set of Controls

In estimating equation (4) we control for the demographic characteristics, , of each

household. The following data are obtained from the Consumer Unit Characteristics

and Income (FMLY) file:

• Consumption ( ): Total expenditures (TOTEXPPQ and TOTEXPCQ).

• Demographics and Family Characteristics ( ):
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— Family size (FAM_SIZE).

— Number of males age 16 and over (AS_COMP1)

— Number of females age 16 and over (AS_COMP2)

— Number of males age 2 through 15 (AS_COMP3)

— Number of females age 2 through 15 (AS_COMP4)

— Number of members under 2 (AS_COMP5)

— Number of children less than 18 (PERSLT18)

— Number of persons over 64 (PERSOT64)

— Age of reference person (AGE_REF)

3.1.3 Data used for the classification of households

In addition, we make use of the following data when classifying households prior to the

regression analysis: Consumer unit identification number (NEWID), interview month

(QINTRVMO), and interview year (QINTRVYR).

3.2 Other data

Since the CEX consumption data are not seasonally adjusted, we use seasonally unad-

justed CPI inflation rates, , for all urban consumers from the Federal Reserve Bank

of St. Louis data base, suitably converted to quarterly frequency. Our proxy for the

marginal nominal interest rate, +1 faced by consumers is the average interest rates

charged on all credit card accounts available from the Federal Reserve Board. Similar

results would be obtained using the 3-month Treasury bill rate. To conserve space we

focus on the results based on the average credit card rate. The survey data of inflation

expectations used in this paper are described below.

4 Empirical Results

The estimation period is 1983.QIV-2004.QIV. We discard the observation for 1986.QI

due to missing survey data, resulting in a pseudo panel with 81 time series observations
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after accounting for pre-sample observations. In the empirical section, we will present

results at the aggregate level as well as by educational status. The CEX data as well

as the Michigan survey data allow us to assign each survey respondent to one of five

educational groups: (1) Less than a High School Degree, (2) High School Graduate,

(3) Some College, (4) College Graduate, (5) Graduate School.

The regression approach outlined in section 2 uses quarterly data from the CEX.

We focus on expectations one quarter ahead. Although in principle the same approach

could be used for longer horizons, the fact that CEX data include at most four con-

secutive quarters of data for the same household precludes the estimation of inflation

expectations for horizons longer than one quarter. These data have to be matched

with the corresponding survey expectations data. Among the quarterly inflation fore-

cast data available in the Survey of Professional Forecasters we select the forecast for

the one-quarter horizon. In contrast, the Michigan Consumer Survey expectation of

inflation, while available quarterly, are recorded for a horizon of one year. No data

for the one-quarter horizon are available. We therefore follow the approach of Roberts

(1997) in using a suitably scaled version of the survey expectations data as a proxy for

the one-quarter ahead expectations.

4.1 Issues of Model Specification

We begin by addressing some potential concerns regarding the reliability of our im-

plicit expectations measure. One concern is that our expectations measure is based

on regressions that implicitly involve ex post realizations of +1. Since real consump-

tion growth is constructed as the log di erence of nominal consumption growth and

consumer price inflation, in the limiting case, if nominal consumption growth were

constant, all the variation in the regressand would be due to changes in future infla-

tion. In that situation, one would expect the time dummy regressors to mimic the

variation in future inflation by construction. While nominal consumption growth is

not constant in practice, lack of variation in nominal consumption growth would still

undermine the credibility of our expectations measure. There are two points that can

be made in defense of our approach. First, the standard deviation of the time series
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of cross-sectional averages of nominal consumption growth adjusted for demographics

is more than seven times larger than that of consumer price inflation over the same

period. Whereas the former standard deviation is 0 0385, the latter is only 0 0053.

Second, if our expectations measure were simply picking up variation in future infla-

tion, its predictive performance should be equal across educational groups rather than

systematically varying with educational status, as our evidence below suggests.

A second concern is that our econometric model does not allow us to distinguish

between aggregate shocks that a ect consumption across all households on the one

hand and shifts in real interest rate expectations on the other. Both would be picked

up by the time dummies. This point has been discussed by Deaton (1992, pp. 146-148)

and Mariger and Shaw (1993), among others. We address this concern by constructing

proxies for aggregate shocks and removing their e ect on the estimated time dummies.

More formally, if the aggregate shocks enter additively, we can decompose the error

term in equation (4)

+1 = +1 + +1

into an aggregate component ( +1) and an idiosyncratic component ( +1), where the

aggregate component +1 may be thought of as a weighted average of aggregate

shocks. The aggregate shocks are proxied for by forecast errors constructed from linear

autoregressions for observable real variables that are likely to impact consumption:

+1 =
X

( +1 +1| )

This model suggests that we regress b +1 on a constant and +1 and define the

real interest rate expectation as the residual of that regression, denoted by e +1. In
practice, we include four proxies for aggregate shocks: the commonly used net in-

crease measure of real oil price shocks (see Hamilton 2003; Kilian 2005) and fore-

cast errors from autoregressive models of real S&P500 stock returns, real disposable

income growth and the Chicago Fed principal components index of real economic
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activity ( ). The real oil price shock variable is based on data in Kilian

(2005). The CFNAI business cycle index is available at http://www.chicagofed.org/

economic_research_and_data/cfnai.cfm. The data on real disposable personal income

growth are from the BEA. The S&P500 index series has been deflated by the CPI. The

lag orders of the forecasting models are selected based on the (see Inoue and Kil-

ian 2006). The suggests a random walk model for real stock returns and AR(1)

models for real disposable income growth and for the . No model is needed

for the real oil price shock series. All shock measures considered are in real terms, as

consumers would not be expected to respond to nominal shocks, unless these shocks

are reflected in unanticipated changes in real variables. Focusing on subsets of these

aggregate shock measures produces qualitatively similar results.

Table 2 shows that these variables jointly account for about 2 percent of the vari-

ation in the aggregate b +1. At the disaggregate level, the 2 may be as high as 4

percent for some educational groups. Table 2 also shows OLS point estimates for each

aggregate shock and standard errors that account for the generated regressor problem

(see Newey and McFadden 1994, pp. 2182-2184). Note that the parameters are

estimated separately for each educational group, allowing aggregate shocks to a ect

each group di erently. Although the point estimates in Table 2 are typically not in-

dividually significant, and most empirical results in the remainder of the paper are

robust to the distinction between e +1 and b +1, in some cases the results di er. In
general, controlling for aggregate shocks lowers the predictive power of the implicit

measure of expectations. In the remainder of the paper we therefore will control for

these aggregate shocks in constructing our measures of real interest rate expectations.

The evidence in Table 2 also helps address the concern that households’ consump-

tion growth may be related to income growth (see, e.g., Campbell and Mankiw 1990,

1991). Implicit in our model specification is the assumption that households are ratio-

nal and do not respond to current income. If some households did respond to fluctua-

tions in current income, this misspecification might bias the estimates of . Explicitly

controlling for individual-specific income changes in equation (4) would create an en-

dogenous regressor problem, the standard response to which in models of aggregate
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data would be instrumental variable estimation. Allowing for the presence of such

rule-of-thumb consumers also would introduce unoberved heterogenity into the model

in that the coe cient on income growth would be zero for some consumers, but not for

others. This fact suggests that we treat the coe cient on income growth as random

from the econometrician’s point of view. Campbell and Mankiw in their analysis did

not face this problem because they estimated Euler equations on aggregate data, in

which case the coe cient on income growth may be treated as constant. To estimate

similar types of models on micro data by instrumental variable methods would require

several additional assumptions, each of which seems highly implausible:

• Income growth is serially correlated (which may be implausible if income follows

an approximate random walk causing the well-known weak instrument problem).

• Whether or not consumers act rationally does not depend on the variables used

as instruments such as household income growth.

• The measure of household income used is free of measurement error.

Thus controlling for individual-specific income growth in equation (4) does not

seem feasible at this stage. We do not view this as a serious problem. If income growth

were important on average, one would expect our expectations measusure to be highly

correlated with shocks to aggregate income growth, which we showed not to be the

case.

4.2 Predictive Power for CPI Inflation

4.2.1 Aggregate Results

A simple first test of the ability of alternative expectations measures to explain future

CPI inflation is provided in Table 3. Column 1 focuses on the RPMSE of predictive

regressions of CPI inflation on a constant and the expectations measure for the same

quarter. For the Michigan survey measure we report the RPMSE of the regression

+1 = 0 + 1 +1| + +1 (6)
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where +1| denotes the mean survey expectation of inflation reported in the

Michigan Survey of Consumers as of quarter . We also experimented with imposing

the restrictions that 0 = 0 (unbiasedness) and 1 = 1 (proportionality). These results

are not reported because using these restrictions (one at a time or in conjunction) did

not systematically improve the RPMSE of the Michigan survey measure and in several

cases raised it compared to the unrestricted model. For the implicit expectations

measure we report the RPMSE of the regression

+1 = 0 + 1 +1 + 2
e
+1 + +1 (7)

where we do not impose any restrictions on 0 1 and 2. The advantage of this

regression is that we can assess the predictive accuracy of the implicit expectations

measure without taking a stand on the value of . This feature is appealing given

the well-known di culties of estimating reliably the parameter from regressions (see

Carroll 2001) and the imprecision of survey estimates of (see Barsky et al. 1997).

Whereas the magnitude of 1 and 2 has no intrinsic meaning, the sign does. We find

that all our estimates have a positive sign for the nominal interest rate coe cient and

a negative sign for e +1, as would be expected.
All RPMSE results in Table 3 are presented as ratios that normalize the RPMSE of

the implicit expectations measure relative to that of the Michigan survey measure. A

ratio below unity indicates that the implicit inflation expectation measure is a better

predictor of actual CPI inflation than the Michigan survey measure. Table 3 shows an

improvement in the RPMSE by 6.2 percentage points.

This finding does not necessarily mean that the implicit expectations measure can

be expected to be a better predictor out-of-sample because the regression model (7)

contains one more regressor than model (6). A common approach to choosing be-

tween competing forecasting models is to rank models by an information criterion

that involves a penalty term for parameter profligacy. As shown in Inoue and Kilian

(2006), under weak assumptions the Schwarz Information Criterion ( ) will consis-

tently select the best out-of-sample forecasting model among any finite set of nested
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or nonnested models.3 This property is not shared by alternative methods of ranking

forecasting models such as the recursive RPMSE criterion, which would be unappealing

in any case given our short sample. The lower the value, the more accurate is

the forecasting model expected to be out-of-sample. Table 3 shows that the implicit

expectations measure has a strictly lower value ( 10 508) than the Michigan sur-

vey measure ( 10 433), despite the greater parsimony of the latter forecasting model.

That conclusion is robust to imposing unbiasedness and/or proportionality restrictions

on equation (6).

Although evaluations of predictive accuracy provide a stringent test of the validity

of the proposed measure of household inflation expectations, note that we do not

advocate the use of these expectations measures for real-time forecasting. Not only are

the CEX data available only with a considerable delay, but our expectations measure

is based on data for +1 and +1that are not available at date . Rather the point

is to show ex post what household expectations at that point in time must have been,

given households’ consumption choices. The type of expectations measure constructed

in this paper is useful for studying the expectations formation of households, which in

turn is of central importance for the design of macroeconomic models. Evaluations of

predictive performance simply provide a useful check on the realism of the implications

of our model-based approach to measuring expectations.

The results in Table 3 constitute strong evidence that even a crude version of

our model-based approach to inferring inflation expectations is practically useful as a

predictor of CPI inflation at the quarterly horizon. A closely related question is whether

the new indirect measure of inflation expectations proposed in this paper contains useful

information about future CPI inflation beyond the information contained in lagged CPI

inflation. Table 4a summarizes the results of several alternative predictive regressions.

The dependent variable is always one-quarter-ahead CPI inflation, +1. The baseline

model is:

3An exception is the comparison of two nonnested regression models with di erent degrees of parsimony,
but exactly identical PMSEs in population. For further discussion see Inoue and Kilian (2006). We abstract
from this possibility which seems remote in practice.
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+1 = 0 + 1 + +1 (8)

In addition, we consider models with the following sets of additional regressors involving

expectations as of date :

+1 = 0 + 1 + 2 +1| + +1 (9)

+1 = 0 + 1 + 2 +1| + +1 (10)

+1 = 0 + 1 + 2 +1 + 3
e
+1 + +1 (11)

+1 = 0 + 1 + 2 +1| + 3 +1| + +1 (12)

+1 = 0 + 1 + 2 +1| + 3 +1 + 4
e
+1 + +1 (13)

+1 = 0 + 1 + 2 +1| + 3 +1 + 4
e
+1 + +1 (14)

where +1| denotes the inflation forecast from the Survey of Professional Forecast-

ers, available from the Philadelphia Fed, and +1| denotes the mean survey

expectation of inflation reported in the Michigan Survey of Consumers. The predictive

value of each of the two survey measures can be assessed by a simple one-sided -test.

The predictive value of the implicit expectations measure can be tested by conducting

a Wald test of the null hypothesis that the regression coe cients of e +1 and +1 are

both zero. Note that this test does not require us to take a stand on the value of The

results of this Wald test will be reported in Tables 4a under the column label .

-values based on suitable standard error estimates that account for the generated

regressor problem and possible heteroskedasticity are reported in parentheses.

For all but the last regression in Table 4a the Breusch-Godfrey (BG) test results

are consistent with the absence of serial correlation in the regression error. Even for

the last regression, we cannot reject the null of no serial correlation at the 5% level.

While we do not show individual regression estimates for +1 and e +1, we note that
in all cases the estimate of the nominal interest rate coe cient is positive and that ofe
+1 is negative. Table 4a shows that the implicit measure of inflation expectations is

17



highly significant, as are the Michigan survey measure and the measure. These

test results establish conclusively the marginal predictive content of our expectations

measure for CPI inflation. The individual statistical significance of the implicit measure

is lost, when the implicit measure is combined in the same regression with the Michigan

survey measure or with the measure. The same is true for the Michigan survey

measure when it is combined with other measures. In contrast, the measure

remains significant at the 10 percent level when combined with other predictors.

Even if there is evidence that expectations measures help predict CPI inflation in

population relative to models including only lagged CPI inflation, the existence of pre-

dictability in population does not guarantee that these regressors also have predictive

value out-of-sample. We again assess the out-of-sample predictive power of each re-

gression based on the . The lower the value of the , the higher the predictive

power of the regression model for CPI inflation. Table 4a shows that both house-

hold expectations measures improve on models with lagged inflation only ( 10 381).

Adding the implicit inflation expectations raises the predictive power of the forecasting

model ( 10 472) as does adding the Michigan survey measure of inflation expectations

( 10 451) or adding the forecast ( 10 489). Combinations of alternative mea-

sures of expectations have higher values than the implicit measure alone, reflecting

the small and unfavorable bias-variance trade-o . We conclude that the implicit ex-

pectations measures has higher marginal predictive content than the Michigan survey

measure. Only the measure of inflation expectations has higher predictive power

than the implicit measure of household expectations, a fact that will motivate the

impulse response analysis further below.

An important concern is that our measure of CEX consumption may be contam-

inated by the inclusion of at least some durables in the CEX consumption measure.

Although the predictive performance of our measure is beyond question, its interpre-

tation as an expectations measure hinges on the appropriateness of the theoretical

framework discussed in section 2. Our Euler equation approach is explicitly designed

for modeling nondurables consumption as oppposed to durables. There is no readily

available and suitable measure of CEX nondurables consumption. One way of gauging
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the validity of this concern is to compute the contemporaneous correlation of our expec-

tations measure, e +1 with future growth in real personal consumption expenditures on
durables ( +1 ), as defined in the National Income and Product Accounts (NIPA).

That correlation is 0 272 in the aggregate. At the disaggregate level, these correlations

vary between 0 186 for high school graduates and 0 357 for consumers with graduate

school degrees. While these results are at best suggestive, given the inherent concep-

tual di erences between CEX and NIPA data, the concern about mismeasurement of

the consumption data must be taken seriously.

We address this concern in Table 4b by explicictly controlling for future growth

in durables consumption ( +1 ) in the forecasting equations underlying Table 4a.

Table 4b shows that the inclusion of +1 significantly raises the predictability

of inflation and lowers the value from 10 381 to 10 392. Adding the implicit

expectations measure further lowers the to 10 451. Whereas the implicit expec-

tations measures is highly significant in the latter regression equation, +1 no

longer is. In fact, the regression involving only lagged inflation and the implicit ex-

pectations measure with an value of 10 472 dominates all regressions involving

+1 , whether in isolation or in conjunction with other predictors. This result

suggests that the predictive power of the implicit expectations measure is not driven

by the inclusion of durables in the CEX consumption data.

4.2.2 Results by Educational Status

Both the Michigan survey expectations data and the CEX consumption data are

recorded separately for each of the five educational groups listed at the beginning

of this section. This allows us to use our model-based approach to construct measures

of expected inflation for each educational group and to compare these implicit inflation

expectations to the Michigan survey expectation for the same educational group. All

results shown below have been obtained by re-estimating all regressions separately for

each educational group, thus controlling for possible heterogeneity across groups.

A natural starting point is the first column of Table 3 which shows the reductions

in RPMSEs from using the implicit expectations measure. We find that the greatest

19



gains accrue at lower levels of education, consistent with the view that consumers with

low educational attainment are unable to articulate their expectations, allowing even

crude proxies based on their consumption choices to improve forecast accuracy, whereas

implicit expectations cannot improve forecast accuracy for highly educated consumers

with no di culty in accurately responding to survey questions.

Table 3 shows that a reduction of between 8.4% and 10.5% in RPMSE for consumers

without college experience, confirming the superior predictive accuracy of the implicit

measure; these gains shrink to 4.2% for households with some college training, to 2.0%

for college graduates and to 1.5% for consumers with a graduate degree. The

ranking favors the implicit measure for all consumers but those with at least a college

degree.

Table 4c studies the marginal predictive content of alternative household expecta-

tions measures by educational group. There is no evidence of serial correlation. As in

the aggregate analysis, the implicit expectations predictor individually is highly signif-

icant for each educational group, as is the Michigan survey measure. Combining both

measures results in both predictors being insignificant for consumers with less than a

college degree, whereas for consumers with at least a college degree, only the Michigan

survey measure retains its significance.

Based on the , the implicit measure has higher out-of-sample predictive power

for CPI inflation than the Michigan survey measure for all consumers who have not

earned at least a college degree. For each of these groups, the favors the implicit

measure. For consumers with more education, the ranking is reversed in favor

of the survey measure. Notably, for college and university graduates the Michigan

survey measure is the more accurate predictor. This evidence once again confirms

the potential for implicit expectations measures to improve the accuracy of forecasts

made by relatively uneducated consumers who have di culty articulating their infla-

tion expectations. Combinations of expectations measures are generally suboptimal

predictors, reflecting the unfavorable bias-variance trade-o , although for the lowest

levels of education they still are more accurate than using the Michigan survey alone.
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4.2.3 Sensitivity Analysis: How Important is the Timing of theMichi-

gan Survey Data?

The Michigan survey in addition to quarterly data also includes monthly data. These

data have advantages as well as disadvantages compared with the quarterly data we

used for the baseline analysis. The disadvantage is that the monthly expectations data

provided by the Michigan survey o er less detailed information about consumers’ ed-

ucational status. The breakdown available is: (1) at most a high school degree, (2)

some college experience, or (3) at least a college degree. The advantage of monthly

data is that the last month of the preceding quarter is likely to be a more accurate mea-

sure of the household inflation expectations for the current quarter than the quarterly

Michigan survey data.

The predictive analysis using these alternative data yields results broadly similar to

(and in some cases stronger than) those reported in Tables 3 and 4. Starting with the

direct comparison of the Michigan survey measure and the implicit measure, we find

that the implicit measure reduces the RPMSE ratio by 7.6 percentage points in the

aggregate. For consumers with at most a high school degree, the estimated reduction is

12.1 percentage points, for consumers with some college training 5.5 percentage points

and for the most educated 3.4 percentage points. Unlike in Table 3, the selects the

implicit measure both for the aggregate and for each educational group. As in Table

4a, the marginal predictive power of the implicit measure is second only to the

forecast in the aggregate. Broken down by educational status, the implicit measure is

preferred to the Michigan survey forecast for all groups but consumers with at least a

college degree.

4.3 The Response of Household Inflation Expectations to

Inflation News

4.3.1 Aggregate Results

An important additional test of the plausibility of consumers’s implicit expectations is

the question of how these expectations respond to news about future inflation. As our
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analysis in Table 4a demonstrated, forecasts of inflation contain additional infor-

mation beyond household expectations data. Building on Carroll (2003a,b) we treat

linearly unpredictable changes in SPF forecasts of inflation as a proxy for news about

future inflation. One would expect that a surprise increase in professional forecasts

of inflation would induce consumers to raise their expectations as well. This question

may be addressed in the context of a trivariate vector autoregressive (VAR) model

with intercept for professional forecasts of inflation ( +1| ), the nominal interest

rate ( +1) and households’ real interest rate expectations (e +1). Note that +1 is

assumed to be observed at the beginning of period . In other words, households form

real interest rate expectations ˆ +1, having observed +1. In contrast, SPF forecasts

for + 1 are formed before +1 is set. Given the short sample, we impose a lag order

of 1. That choice is consistent with the lag order that would be selected by minimizing

the .

By our timing conventions, SPF forecasts cannot respond to innovations in +1

within the quarter. In addition, we make the following identifying assumptions: First,

we impose the assumption that SPF forecasts of inflation do not respond within the

same quarter to innovations in household expectations of inflation. Given the delayed

availability of CEX data, this assumption seems reasonable. Our second identifying

assumption is that +2 does not respond to e +1 within the same quarter, which again
may be motivated by the delayed availability of the CEX data. Third, we impose the

assumption that the implicit household expectations do not respond to SPF innovations

within the same quarter. This assumption is less obvious since SPF forecasts are

released in the middle of the second month of each quarter, leaving households some

time to adjust consumption.

Our identifying assumptions thus can be summarized as follows. Let denote

the vector of structural innovations of the VAR model. Then, suppressing the lagged

regressors, the structural VAR model may be written as:

Ã
+1|

+1e
+1

!
=

"
11 0 0
21 22 0
0 32 33

#
× + (15)
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where denotes parameters in the impact multiplier matrix that are to be estimated.

Table 5 shows the results of a J-test of the overidentifying restriction that 31 = 0

for the aggregate as well as by educational status. Since it is not straightfoward to

correct the -values to account for the generated regressor problem, Table 5 shows the

conventional -values. In no case can the null be rejected that this restriction is valid.

Given the responses of +1 and e +1, equation (4) allows us to construct the implied
responses of the implicit inflation expectations to a one-standard deviation surprise in-

crease in the SPF forecast of inflation for any choice of . We consider values of

{1 2 5}. The overall shape of the response is una ected by the choice of . The

main di erence is in the scale of the response, which is of little interest here. We there-

fore impose = 2 in the results shown below. The central question from our point of

view is whether inflation expectations respond to SPF news. The answer is a rmative.

The left panel of Figure 2 shows a sharp peak in the response of aggregate inflation

expectations after one quarter, followed by decline that gradually levels o . This evi-

dence is consistent with the view that households adjust their expectations in response

to inflation news, as postulated in recent models of macroeconomic expectations (see,

e.g., Carroll 2003a,b).

4.3.2 Results by Educational Status

By analogy to the aggregate analysis, we can compute the e ect of innovations to

the SPF forecast of inflation on household inflation expectations for each educational

group. A natural conjecture is that the degree of adjustment in response to news about

inflation should increase with the level of education. This view is consistent with models

of how information is transmitted in the economy (see, e.g. Carroll 2003a,b; Mankiw

and Reis 2002; Mankiw, Reis, and Wolfers 2003). The second panel of Figure 2 confirms

this conjecture. We again focus on the results for = 2, noting that our qualitative

results are robust to alternative choices of . With the exception of households with

less than a high school degree, all estimated responses in this figure show a peak after

one quarter, before leveling o . The magnitude of the response is strictly increasing in

the level of education. For example, consumers with a graduate degree respond nearly
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twice as much after one quarter as high school graduates. Since we expect that agents

with better education are better able to process news about inflation, this di erential

response is further evidence in support of models that stress the transmission of news

as an important source of frictions in the macroeconomy.

Only the response of consumers with less than a high school degree departs from this

general pattern. The latter point estimate suggests a negative, rather than a positive

response to an SPF shock. While it does not seem implauible that consumers with very

low levels of education would be oblivious to inflation news, that reasoning cannot

explain a negative response. It is unclear whether the observed negative response

merely reflects sampling error. Given the generated regressor nature of the e +1 and
the high persistence of +1, it is not straightfoward to compute confidence intervals

for the responses in Figure 2.

One way of reducing sampling error is to aggregate across educational groups. The

last panel of Figure 2 shows analogous results for consumers with at most a high school

degree, for consumers with some college experience, and for consumers with at least

a college degree. The estimated VAR responses are free of the anomalies in Figure 2.

All responses are positive and there is a clear increase in the degree of responsiveness

with rising levels of education.

4.4 The E ect of Increased News Intensity on Inflation

Expectations

4.4.1 Aggregate Results

An alternative approach to assessing the importance of inflation news, is to focus on a

direct measure of the intensity of inflation news in the media. In this paper, we con-

struct an inflation news index along the lines of Carroll (2003a) based on information

in Lexis/Nexis. For each quarter we count the number of news items in the Wash-

ington Post and in the New York Times that involve the word inflation (or any of its

derivatives such as the word inflationary). We normalize the series by dividing it by

its maximum value. The resulting index of inflation news intensity is shown in Figure
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3. A natural conjecture is that households are more prone to adjusting their inflation

expectations when they are exposed to more inflation news. This conjecture may be

verified by regressing the conditional variance, , on a constant and the log-di erence

of the number of inflation news items, as recorded in Lexis/Nexis. We specify the news

variable in di erences because of the high persistence of that variable. The conditional

variance in turn is obtained from a regression of the implicit expectations measure on

a constant and its own lags.

+1| = 1 + 2 | 1
+ 3 1| 2

+ 4 2| 3
+ 5 3| 4

+ +1

+1 =
p

+1 where +1 ˜ (0 1)

= 1 + 2

A value of 2 0 would be evidence that households update their implicit inflation

more, as the intensity of news about inflation increases. In constructing
+1| we

considered {1 2 5} The results discussed below are for = 2. The other choices of

yielded qualitatively similar results.

Table 6 shows the estimated coe cients of the conditional variance equation (multi-

plied by 100) with -statistics in parentheses. There is no evidence of unmodelled serial

correlation in the squared residuals. The point estimate for 2 is slightly positive, but

the estimate is not statistically significant. We conclude that there is no evidence that

consumers on average adjust their inflation expectations in response to an increase in

news intensity. In other words, a substantial fraction of consumers must be unrespon-

sive to changes in news intensity. An interesting question that we will turn to next is

why these consumers do not seem to update their expectations. As we will show, how

much consumers do adjust, is linked to their educational status.

4.4.2 Results by Educational Status

Table 6 shows the corresponding estimates of the response to changes in news intensity

by educational group. Although most point estimates are statistically insignificant,
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there is a clear pattern in the results. The higher the level of education, the more

positive the response of household expectations to news. The estimate of 2 for con-

sumers with less than a high school degree is negative, but statistically insignificant.

For households with at least a high school degree the estimate of 2 is always positive

and increasing in the level of education with the exception of consumers with graduate

degrees. While most estimates are imprecisely estimated, that for college graduates is

highly statistically significant. The last rows of Table 6 show additional results at a

higher level of aggregation across educational groups. Although none of the estimates

are significant at the 5% level, both the estimate of 2 and its -statistic are strictly

increasing in education and the -statistic for consumers with at least a college degree

reaches a -value of 0 0518. While these results are not as sharp as the earlier impulse

response results, the overall pattern in Table 6 suggests that the low and insignifi-

cant response found in the results for the aggregate is largely driven by the relatively

uneducated consumers.

5 Conclusion

We proposed a new method of imputing inflation expectations based on household

expenditure data. Our evidence shows that CEX data in conjunction with the use of

simple economic optimizing models can provide an e ective tool for measuring house-

hold inflation expectations. The expectations data we derived complement existing

measures of inflation expectations from the Michigan Survey of Consumers. We showed

that the new expectations measure contains useful information about future CPI in-

flation beyond the information contained in survey measures.

The tools developed in this paper also are useful for testing implications of models

of sticky information. Using our new measure of inflation expectations, we provided

evidence in support of economic models of household behavior such as Carroll (2003a,b)

that rationalize the slow response of macroeconomic expectations based on models of

information processing and propagation. These economic models provide an important

source of monetary nonneutralities, also known as sticky information, that is empir-

26



ically more plausible than menu costs or other sources of ad hoc frictions (see, e.g.,

Mankiw and Reis 2002, Ball et al. 2005).

Existing work on the transmission of inflation news has focused on the aggregate

behavior of households. Building on this literature, our analysis highlighted the im-

portance of di erences in educational attainment for the speed with which news about

inflation is reflected in household expectations of inflation. Our results are consistent

with the view that the slow adjustment of household expectations reflects at least in

part the inability of agents to process news about future inflation. Incorporating these

types of heterogeneities into macroeconomic models is an important challenge for future

work.
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Table 1a. Education Group and Do-Not-Know Responses in Michigan Survey

Average Percentages by Education Level: 1983:Q4—2004:Q4

Education Level Do Not Know; NA Will Go Up By; Do Not Know How Much
Full Sample 1.12 6.99
Less than High School 3.12 16.12
High School 1.00 7.74
Some College 0.69 5.31
College Degree 0.67 4.34
Graduate Studies 0.66 4.31

Source: Michigan Survey of Consumers

Table 1b. Education Group and Extreme Responses in Michigan Survey

Average Percentages by Education Level: 1983:Q4—2004:Q4

Education Level Deflation No Inflation Inflation 15%
Full Sample 3.51 16.32 3.33
Less than High School 3.90 16.18 5.33
High School 3.06 16.78 4.21
Some College 3.76 16.18 2.85
College Degree 3.63 16.17 1.96
Graduate Studies 3.38 14.58 1.25

Source: Michigan Survey of Consumers

Table 2. Explanatory Power of Aggregate Shocks for Time Dummies

Forecast errors Real
Real Disposable CFNAI Real S&P500 Oil Price

Constant Personal Income Growth Returns Shock 2 BG
Full Sample 0.038 0.004 -0.002 0.798 1.485 0.016 0.114

(0.010) (0.514) (0.028) (1.306) (1.227) (0.736)
Less than High School 0.034 -0.318 -0.006 1.357 2.537 0.038 0.048

(0.013) (0.651) (0.045) (1.537) (1.580) (0.826)
High School Graduate 0.042 0.022 0.001 1.458 3.068 0.040 0.343

(0.014) (0.614) (0.071) (2.145) (2.636) (0.558)
Some College 0.039 -0.239 0.004 0.550 -0.570 0.007 0.409

(0.018) (0.651) (0.089) (2.361) (2.926) (0.522)
College Graduate 0.044 0.452 0.003 1.269 1.751 0.022 1.807

(0.018) (0.686) (0.101) (2.552) (3.398) (0.179)
Graduate School 0.037 0.686 -0.022 -1.051 0.174 0.043 0.012

(0.022) (0.918) (0.093) (2.771) (3.067) (0.914)

Source: The forecasting models are described in the text. The numbers in parentheses in columns (2)-(6) are

standard errors; those in column (8) are p-values. The standard errors account for the generated regressor

problem and possible heteroskedasticity. BG stands for the Breusch-Godfrey test of serial correlation.
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Table 3. Predictive Accuracy of Expectations Measures for CPI Inflation Outcomes

RPMSE Ratio
Implicit/Michigan Michigan Implicit

Full Sample 0.938 -10.433 -10.508
Less Than High School 0.916 -10.428 -10.549
High School Graduate 0.895 -10.387 -10.554
Some College 0.958 -10.406 -10.437
College Graduate 0.980 -10.444 -10.431
Graduate School 0.985 -10.449 -10.425

Notes: The RPMSEs have been constructed based on regressions of actual inflation on a constant and the

expectations measure in question. SIC stands for Schwarz Information Criterion.

Table 4a. Marginal Predictive Content of Expectations Measures for CPI Inflation

Full Sample
Constant SPF Michigan Implicit BG
0.008 -0.095 0.078 -10.381 81
(0.001) (0.111) (0.780)
0.002 -0.254 0.957 1.682 -10.489 81
(0.002) (0.122) (0.000) (0.195)
-0.000 -0.298 1.051 0.539 -10.451 81
(0.003) (0.128) (0.000) (0.463)
-0.009 -0.132 9.168 1.748 -10.472 117814 81
(0.009) (0.324) (0.010) (0.186)
-0.008 -0.192 0.436 2.329 1.828 -10.431 117814 81
(0.012) (0.490) (0.103) (0.312) (0.176)
0.002 -0.261 0.893 0.093 1.632 -10.435 117814 81
(0.003) (0.130) (0.023) (0.423) (0.201)
-0.005 -0.174 0.485 0.447 2.767 -10.433 117814 81
(0.023) (0.463) (0.086) (0.800) (0.096)

Notes: The numbers in parentheses in columns 1-2 are suitable standard errors, those in columns 3-6 are

p-values. BG stands for the Breusch-Godfrey test for first-order serial correlation and SIC for the Schwarz

Information Criterion.

Table 4b. Marginal Predictive Content of Expectations Measures for CPI Inflation

Controlling for Future Growth in Durables Consumption

Full Sample
Constant

+1
SPF Michigan Implicit

0.008 -0.095 -10.381 81
(0.001) (0.111)
0.009 -0.111 -0.035 -10.392 81
(0.001) (0.103) (0.004)
-0.008 -0.156 -0.024 9.204 -10.451 117814 81
(0.008) (0.239) (0.227) (0.010)
-0.009 -0.132 9.168 -10.472 117814 81
(0.009) (0.324) (0.010)
-0.007 -0.214 -0.023 0.420 2.519 -10.409 117814 81
(0.010) (0.355) (0.261) (0.276) (0.284)
-0.004 -0.193 -0.023 0.434 0.776 -10.409 117814 81
(0.016) (0.323) (0.229) (0.334) (0.678)

Notes: The numbers in parentheses in columns 1-2 are suitable standard errors, those in columns 3-6 are

p-values.
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Table 4c. Marginal Predictive Content of Expectations Measures for CPI Inflation by

Educational Status of Household

Constant Michigan Implicit BG
Less Than High School

-0.009 -0.130 9.725 0.770 -10.513 22787 81
(0.006) (0.242) (0.008) (0.380)
0.002 -0.199 0.554 1.261 -10.411 81
(0.002) (0.118) (0.002) (0.262)
-0.009 -0.152 0.198 0.365 0.375 -10.468 22787 81
(0.007) (0.273) (0.136) (0.199) (0.540)

High School Graduate
-0.010 -0.124 9.931 1.559 -10.517 35327 81
(0.010) (0.264) (0.007) (0.212)
0.003 -0.203 0.610 1.617 -10.365 81
(0.003) (0.126) (0.019) (0.204)
-0.010 -0.095 -0.223 0.515 1.168 -10.467 35327 81
(0.009) (0.322) (0.781) (0.320) (0.280)

Some College
-0.009 -0.181 8.466 1.275 -10.416 29521 81
(0.010) (0.235) (0.015) (0.259)
0.002 -0.226 0.831 0.036 -10.394 81
(0.003) (0.119) (0.003) (0.850)
-0.009 -0.217 0.321 0.372 1.190 -10.370 29521 81
(0.011) (0.285) (0.128) (0.292) (0.275)

College Graduate
-0.008 -0.183 8.629 0.340 -10.410 17752 81
(0.006) (0.226) (0.013) (0.560)
0.001 -0.287 1.062 0.523 -10.460 81
(0.002) (0.127) (0.000) (0.469)
-0.007 -0.269 0.675 0.261 0.490 -10.396 17752 81
(0.006) (0.293) (0.020) (0.180) (0.484)

Graduate School
-0.008 -0.188 8.309 0.338 -10.406 12427 81
(0.007) (0.213) (0.016) (0.561)
0.000 -0.360 1.219 0.838 -10.495 81
(0.002) (0.127) (0.000) (0.360)
-0.005 -0.333 0.878 0.208 0.863 -10.410 12427 81
(0.009) (0.380) (0.004) (0.304) (0.353)

Notes: The numbers in parentheses in columns 1-2 are standard errors, those in columns 3-5 are p-values.

Table 5. J-Test of Overidentifying VAR Restrictions

J-Test of Overidentifying Restriction: 31= 0 p-value
Full Sample 0.477 (0.490)
Less Than High School 2.304 (0.129)
High School Graduate 0.015 (0.902)
Some College 0.449 (0.503)
College Graduate 0.021 (0.884)
Graduate School 0.304 (0.581)

Notes: All results shown are based on = 2
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Table 6. The E ect of Changes in Inflation News Intensity on the Volatility of the

Implicit Household Expectations

Intercept
1 2

Full Sample 0.189 0.068
[5.830] [0.641]

Less than High School 0.563 -0.348
[4.843] [-0.840]

High School Graduate 0.306 0.034
[5.716] [0.187]

Some College 0.410 0.049
[6.299] [0.230]

College Graduate 0.480 0.661
[5.896] [2.268]

Graduate School 0.721 0.102
[5.754] [0.271]

At Most High School 0.293 0.007
[6.133] [0.043]

Some College 0.410 0.049
[6.299] [0.230]

At Least College Degree 0.382 0.310
[6.693] [1.628]

Notes: Point estimates multiplied by 100 with t-ratios in square brackets. All results based on =2.
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