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Abstract—According to the permanent income hypothesis with quadratic
preferences, households save for a rainy day the transitory component of
income innovations and consume entirely the permanent one. The model
also rules out precautionary saving. Typically, income shock components
are not separately observable, and information on the conditional variance
of income is hard to come by. We show how to combine income
realizations with subjective expectations to identify separately the transi-
tory and the permanent shock to income and to obtain a measure of
idiosyncratic uncertainty, thus providing a powerful test of the theory in
short panels. The empirical analysis is performed on a sample of Italian
households drawn from the 1989—1991 Survey of Household Income and
Wealth.

I. Introduction

CCORDING to the textbook version of the permanent

income hypothesis (PIH), household consumption re-
sponds on a one-to-one basis to permanent income shocks,
but is nearly insensitive to transitory income shocks. Equiv-
alently, households save the transitory component of the
income innovation and consume entirely the permanent one.
Yet, testing for the separate effect of income shocks on
consumption or saving is difficult. The main problem is that,
although the agent may be able to discriminate between a
transitory and a permanent shock, the econometrician is not.
As a result, econometric identification of separate income
shock components is difficult in the extreme.!

In this paper, we show how to combine subjective income
expectations with income realizations to identify separately
the transitory and the permanent income shock. This has
two main advantages. First, it allows the examination of the
cross-sectional distribution of separate income shocks; sec-
ond, it provides a powerful test of the theory in short
panels.? In particular, we test whether households save for a
rainy day using data available for a panel of Italian house-
holds drawn from the 1989—1991 Bank of Italy Survey of
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I Attempts in the direction of estimating the separate effect of transitory
and permanent income shocks on consumption include Hall and Mishkin
(1982) on PSID data, and Flavin (1981) on aggregate U.S. data.

2 Campbell (1987) shows that it is still feasible to test whether house-
holds save for a rainy day by replacing the information set available to the
agent with that available to the econometrician. Although consistent under
some regularity conditions (see the discussion by Deaton (1992) and
Flavin (1993))), estimates based on the econometrician’s information set
are inefficient.
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Household Income and Wealth (SHIW). The survey we use
is representative of the Italian population, contains a mea-
sure of total nondurable consumption, and has good quality
income data.

To assess the validity of the PIH, we regress savings on
income shocks. If the theory is true, only transitory shocks
should explain saving. However, households save for a
rainy day only if they display quadratic preferences. If
instead preferences are mispecified, precautionary saving
can represent a likely source of failure of the theory. In
practice, the estimates of the effect of income shocks on
saving will be inconsistent if the omitted higher moments of
the distribution of income shocks are correlated with the
realization of the shocks. But this also suggests that one
might test for the departure from the certainty equivalence
assumption augmenting the saving equation with the con-
ditional variance term: if the PIH with quadratic preference
is true, the conditional variance should not explain saving.

The contribution of the paper is that once income shocks
become separately identifiable the consistency of empirical
estimates does not rely on a long time series of observations
for each individual, a problem that plagues most of the
empirical studies (Chamberlain, 1984). Unlike previous
studies, the consistency of the saving equation estimates
relies only on a large cross-sectional dimension, not a large
time series; in other words, the availability of income
expectations implies that Chamberlain’s critique does not
apply in this context. This allows us to estimate structural
parameters (the marginal propensities to save out of income
shocks) that are robust to short panel inconsistency and
useful for policy analysis.

The rest of the paper is organized as follows. Section II
presents a formal decomposition of the income innovation
into a permanent and a transitory component and shows
how subjective expectations of income can help to identify
separately the two components. In section III, we present
the data used in this study and examine the validity of the
assumptions concerning the stochastic structure of the in-
come process; in section IV, we examine the empirical
distribution of the two shocks. Section V presents the
empirical results and shows that the evidence supports an
extended version of the PIH. In particular, savings do
respond to transitory income shocks, but also to permanent
income shocks and higher moments of the distribution of
earnings. The positive impact of permanent shocks on
savings can be explained by measurement error or be the
result of the interaction between prudence and impatience in
a buffer stock model of saving. The positive impact of the
variance term on savings reflects precautionary behavior.
Section VI concludes.
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II. The Estimation Strategy

In this section, we show how to decompose income
shocks into a transitory and a permanent component, and
how to determine their separate effect on saving using the
saving equation firstly derived by Campbell (1987). We also
discuss identification issues and consider some extensions.

A. The Income Process

Suppose that current disposable income admits the fol-
lowing decomposition (as in Muth (1960) and Blundell and
Preston (1998)):

yi =0'Z;+w'Ti+ py + e, (1)
where 0'Z;, is a deterministic time-varying component
(which may include age and other characteristics that
change over the life cycle);

7'T’; is a deterministic time-invariant component (which
may include education, gender, region of residence,
and perhaps fixed individual effects);

pi: is the permanent component; and

€;, 1s a transitory shock. For the sake of simplicity, assume
that the latter is i.i.d. with constant variance o?>.

The permanent component of income follows a random
walk process of the form

(2)

where (;; is the permanent shock; this is assumed to be i.i.d.
with constant variance (rg. We also assume that the transitory
and the permanent shock are orthogonal to each other at all
leads and lags.> Combining equation (1) and (2), one obtains

(3)

Dit = Pir—1 + Lir

Ay, = 0'AZ;, + {; + Aey,

where A is the first-difference operator. Notice that first-
differencing has eliminated all time-invariant effects. To
control for predictable life cycle effects, in the empirical
analysis we will assume that the deterministic component
depends on a quadratic polynomial in age; that is, 0'Z; =
0o + 0,age;; + 0,age’. Equation (3) can then be rewritten
as

Ayi = vo+viage; + L + A€, (4)

with Yo = (61 - 62) and Y1 = 262

B. The Identification of Income Shocks

In this section we will show that, given the income
process (equation (1) and (2)), the transitory and the per-

3 The assumption of constant variance for both the transitory and the
permanent income shock and that of independence can all be removed
without altering the identification strategy.
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manent shock to income can be identified if one observes,
for at least two consecutive time periods, both the condi-
tional expectation and the realization of the variable of
interest (disposable family income, say). This is of course
unthinkable in the presence of realization data only.

Let us assume that individual agents form rational expec-
tations. We define E(xi,|Q,»,,1), the subjective expectation
of x;, given the individual’s information set at time r — 1.
It is worth pointing out that €}, is the set of information
possessed at individual level; the econometrician’s informa-
tion set is generally less rich. Flavin (1993) describes the
“discrepancy between the econometrician’s and the agent’s
information sets” as “the omitted information issue (from
the perspective of the econometrician) or the superior in-
formation issue (from the perspective of the agent)” (p.
652). Indeed, some information is available to the individual
but not to the econometrician; alternatively, the econome-
trician holds information that can be irrelevant to individual
choices (such as some kind of aggregate information).
Equation (3) and the assumption of rational expectations
imply that the transitory shock at time ¢ can be exactly
identified by

€ = —E(Ayi | Qi) + (vo + viageis). (5)

We defer discussion of identification and estimation of
the parameters vy, and vy, and proceed as if they were known.
Using equation (3) and (5), the permanent shock at time ¢ is
exactly identified by the expression

Li = [A)’ir - E(A)’ir|Qir—1)] + E(Ayir+1|Qir)

(6)
- [(Vo +v,) + Ylageir],

that is, the income innovation at time ¢ adjusted by a factor
that takes into account the arrival of new information
concerning the change in income between ¢ and ¢ + 1 and
the contribution of life cycle predictable effects.* It is worth
noting that time-invariant income attributes do not affect the
identification strategy, because income shocks are identified
by income changes.

As we will show in the data section, the 1989 and 1991
SHIW data provide a unique opportunity to implement
equation (5) and (6), as they elicit subjective expectations of
future income and the corresponding realizations.

C. The Effect of Transitory and Permanent Income Shocks
on Saving

As shown by Campbell (1987), under stringent assump-
tions concerning preferences and technology (in particular,
quadratic preferences, intertemporal separability, infinite
horizon, a rate of intertemporal discount set equal to the real

41t turns out that, if transitory shocks are serially correlated, subjective
expectations no longer identify income shocks. This is our main identi-
fying assumption. We comment on the validity of such an assumption in
subsection IIIB.
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interest rate, and perfect credit markets), one obtains the
following saving equation:

— 2 —— E(Ay, ).

(1 o @)

T=1

Equation (7) implies that savings mirror the present
discounted value of expected income declines. Using the
income process (4) above, it is easy to prove that equation
(7) simplifies to

1
sip = agt+ ajage; + 1 +r €it (3)
1 1+r Y1
where oy = — v + v, P and o, = —T.The

implications one derives from equation (8) are clear: per-
manent shocks do not matter (because, under the conditions
recalled above, the optimal rule is to consume them all), and
only transitory income shocks explain saving. Note further
that time-invariant income attributes do not affect savings.

If one relaxes the assumption of quadratic preferences,
there is no longer a closed-form solution for consumption or
savings. Moreover, the error term of the intractable saving
equation will contain higher moments of the distribution of
income shocks that are likely to be correlated with the
realization of the shocks; if this is the case, estimates will be
inconsistent. But this also suggests that one can test for the
validity of the quadratic preferences assumption by aug-
menting the saving equation by higher moments of the
distribution of income; under the null hypothesis of the
permanent income hypothesis with quadratic preferences,
higher moments should not explain saving. We will imple-
ment such a test by including the subjective variance of
future income var (y,»,+1|Q,»,) in the saving equation.

If transitory and permanent income shocks are separately
identifiable according to equation (5) and (6), one can thus
implement the regression

= lp,Dir - BIE(A}’iH—l'Qir)
+ Bz[A)’ir - E(A)’ir|Qir—1) + E(A)’ir+1|Qir)]
+ B3 var (}’ir+1|Qir) + ey,

9

where D;, contains a constant term, age and other demo-
graphics to control for preference heterogeneity, and the
error term e; reflects measurement error in saving. The
implications of the permanent income hypothesis we
will test in the empirical analysis are 3; = 1, B, = 0, and
Bs = 0.

The identification strategy is robust to an income process
of the form y;, = 8'Z; + w'I"; + w; + piy + €;, where
W, captures stochastic business cycle effects (that is,
E(p,,+T|Q,»,) = 0 for all T > 0). In this case, it is easy to
show that, omitting for simplicity age effects, the saving
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equation is s; — (n, + €;). Equation (5) is used to

1+r
identify the composite error term (w, + €;), and the
permanent shock is still identified by equation (6). A regres-
sion of s;, on the composite error term (., + €;,) delivers an
estimate of the marginal propensity to save out of a transi-
tory shock to income, one of the structural parameters of
interest.

To our knowledge, tests of the “saving for a rainy day”
equation based on microeconomic data have been per-
formed only by Deaton (1992) and Alessie and Lusardi
(1997). In both cases, the authors had available short panels
(two years in Deaton and three years in Alessie and
Lusardi). Thus, their estimates are likely to suffer from
the problem of inconsistency in short panels remarked
by Chamberlain (1984), even if aggregate shocks are con-
trolled for.

D. Consistency

In the absence of information on income shocks, the
disturbance term of the saving equation (8) is a forecast
error, the difference between realized and expected saving
Siy — E(si,|Qi,,1). According to the permanent income
hypothesis with rational expectations, the conditional ex-
pectation of a forecast error must be zero. The empirical
analog of this expectation is an average taken over long
periods of time, not across a large number of households. In
fact, as pointed out by Chamberlain (1984), there is no
guarantee that the cross-sectional average of forecast errors
(or the cross-sectional correlation between forecast errors
and lagged instruments) will converge to zero as the dimen-
sion of the cross section gets large. The problem is some-
times handled by including time dummies in the Euler
equation. This approach is restrictive, because it rules out
that aggregate shocks are unevenly distributed in the pop-
ulation. For this reason, tests of the PIH performed on short
panels are in fact implicitly assuming that the stochastic
structure of the forecast error has a known form (so that the
distance between the true forecast error and its empirical
analog can be suitably adjusted). Rejection of the null need
not be interpreted as the failure of the theory, but could also
be attributed to misspecification of the stochastic structure
of the forecast error.

Unlike previous studies, the consistency of our saving
equation estimates does not rely on a large time-series
dimension, but on a large cross-sectional dimension. This is
essentially because we do observe the innovation in savings;
for example, we can condition on it. Indeed, under the null
hypothesis of the PIH, the residual term of equation (9) is
assumed to reflect only (additive) measurement error in
saving and perhaps measurement error in the independent
variables. Hence, the consistency of our estimates rests only
on the weak assumption that measurement errors in saving
are not correlated across individuals in the cross section.
These are, of course, weaker conditions than the ones
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usually required in tests of the Euler equation or of the
permanent income hypothesis. Indeed, the availability of
income expectations implies that Chamberlain’s critique
(1984) does not apply in our context.’

III. The Data

A. The SHIW

We estimate the saving equation using the 1989-1991
panel section of the Bank of Italy Survey of Household
Income and Wealth (SHIW). This data set contains mea-
sures of consumption, income, and demographic character-
istics of households. The SHIW surveys a representative
sample of the Italian resident population. From 1987
through 1995, the survey was conducted every other year
and covered approximately 8,000 households, defined as
groups of individuals related by blood, marriage, or adop-
tion, and sharing the same dwelling. Starting in 1989, each
SHIW has reinterviewed some households from the previ-
ous surveys. The panel component has increased over time:
15% of the sample was reinterviewed in 1989, 27% in 1991,
43% in 1993, and 45% in 1995. The response rate (ratio of
responses to contacted households net of ineligible units)
was 64% in 1987, 38% in 1989, 33% in 1991, 58% in 1993,
and 57% in 1995. For the panel section of the SHIW, the
response rate has been steadily increasing over time: 23% in
1989, 53% in 1991, 64% in 1993, and 75% in 1995. Details
on sampling, response rates, processing of results, and
comparison of survey data with macroeconomic data are
provided by Brandolini and Cannari (1994). The 1989-1991
panel section of the SHIW includes 2,187 households. After
excluding those with missing reports on subjective expec-
tations in 1989, 1991, or both, and other variables used in
the empirical analysis, we are left with a sample of 1,125
households. Finally, to avoid having our estimates be con-
taminated by influential outliers, we trim the sample at the
bottom and top percentile of the distribution of saving; this
implies a loss of 23 households and leaves us with a final
sample of 1,102 households.®

For the purpose of this paper, the most important feature
of the SHIW is that it collected subjective information on
future income in both 1989 and 1991. The 1989 and 1991
SHIW have been used by Guiso, Jappelli, and Terlizzese

3 Pistaferri (1998) tests the relevance of Chamberlain’s critique noting
that, under the null of the permanent income hypothesis, the innovation in
savings is observed. This allows the calculation of the empirical covari-
ance between the latter and lagged instruments.

6 A potential problem with the SHIW panel is that of endogenous
attrition. To address this issue, we divide the 1989 SHIW households into
three groups, those that are both in the 1989-1991 panel and in our sample
(1,102 households), those that are in the 1989-1991 panel but not in our
sample (1,085 households), and those that are not in the 1989—1991 panel
(6,079 households). If attrition were endogenous, one should find saving
rates to be substantially different for the three groups. In fact, there is little
difference in saving behavior between groups: the median saving rates for
the three groups are 24.65%, 22.36%, and 24.71%, respectively. All
differences are not statistically significant.
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(1992) and Jappelli and Pistaferri (2000) to test for precau-
tionary saving and excess sensitivity of consumption to
predicted income growth, respectively.’

Several surveys contain subjective income expectations,
but vary considerably as to the way expectations are elic-
ited. In the case of the SHIW, in 1989 and 1991 each labor
income and pension recipient interviewed was asked to
attribute probability weights, summing to 100, to given
intervals of inflation and nominal income increases one year
ahead. Appendix A details the wording of the survey ques-
tions and how these are used to construct the subjective
mean and variance of future earnings.

A problem with the SHIW data is that they are not
available for consecutive years, but only at two-year inter-
vals; moreover, subjective expectations stretch over a single
calendar year. The interviews take place between March and
September, although income, consumption, and wealth data
refer to the previous calendar year.® We thus need to assume
that people do not update their information set between the
end of 1989 (1991) and the date of the interview, or that
their updating does not affect subjective expectations of
income. This can be a strong assumption if people receive
important news about the evolution of their future income
between the end of 1989 (1991) and the date of the inter-
view. This assumption has been made implicitly in all the
papers quoted in this section.

More precisely, the SHIW data provide information on
age, income realizations (y;, and y;_,), and the subjective
expectations of income changes (E(Ayi,,1|Qi,,2) and
E(Ayi,+1|Qi,)), with + = 1991). It can be shown that,
modifying equation (5) and (6) to incorporate the SHIW
data features, the following expressions

_E(Ayir+1|Qir) + 3 + Yiagei . = €;
_E(Ayir—1|Qir—2) + '?0 + '?lageir—l

= €

identify the transitory shock at times ¢t and ¢t — 2, respec-
tively, while the expression

()’ir - yir—z) - E(A)’ir—1|Qir—2) + E(AYir+1|Qir)
- [2?0 +9, + 27Alagei,:|
= (Lu+ Li—1)

identifies the sum of the permanent shocks at time ¢ and t —
1. The estimates J, and 9, are obtained regressing the

(10)

7 Jappelli and Pistaferri (2000) test whether consumption is excessively
sensitive to anticipated changes in income, whereas this paper tests
whether consumption and savings react to unanticipated changes. The two
tests are obviously related. On the other hand, this paper’s contribution to
the literature is that we obtain estimates of truly structural parameters (the
marginal propensities to save or consume out of income shocks) that are
robust to short panel inconsistency. Structural parameters are of course of
paramount importance for policy analysis.

8 The reason for surveying in May is that previous experience has shown
that people report income more accurately when filing the income tax
forms, which must be returned by May 31.
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subjective expectation on a constant term and age, respec-
tively. Because under the null of the permanent income
hypothesis savings depend only upon transitory innova-
tions, that is all we need to implement the estimation of
equation (9). The strategy we use to test for the null
hypothesis of no effect of permanent shocks on savings is
described below.

Although each labor income recipient is asked to answer
the survey question, we rely only on the information pro-
vided by the head of the household or, if the latter are
lacking, on those provided by the spouse. The reason is that,
in most cases, information on income recipients other than
the head or spouse is lacking. Thus, we regress saving on the
head’s earnings shocks, rather than on the shocks referring
to disposable family income. For single-earner households,
the two measures of income will roughly coincide.

Saving is defined as the difference between family dis-
posable income (including asset income) and nondurable
consumption. The age variable refers to the head of the
household (or the spouse, if this is missing). Head’s (or
spouse’s) earnings are net of taxes and social security
contributions.

B. The Stochastic Structure of the Income Process

In subsection IIA, a specific structure is placed on the
income process; the identification of the transitory and the
permanent shocks is thus heavily dependent on whether
such structure is correct. A possible argument is that the
simple partition we have considered may fail to identify
shocks of different nature if, say, the transitory shock is
itself serially correlated.

To assess whether the data on disposable family income
are indeed consistent with these assumptions, we consider
the 1987-1995 SHIW rotating panel (15,065 observations).
Following equation (1), we first remove predictable effects
by regressing income on a quadratic polynomial in age,
family size, and dummies for education, region of residence,
and self-employment. We save the residuals (let’s call them
u;) and carefully examine their covariance properties. Au-
tocovariances and autocorrelation coefficients are estimated
using equally weighted minimum distance methods, as
suggested by Altonji and Segal (1996).°

If the change in income is well described by equation (3),
the unanticipated component is an MA(1) process. The
presence of i.i.d. measurement error in earnings adds a
further error component, but does not change the MA(1)
structure of the process. Thus, in general, Au; = v; —
0v;;_;, where the MA coefficient 6 is a function of the
variance of the transitory shock, the variance of the perma-
nent shock, and the variance of the measurement error. If
this is the case, one should find Au;, to be serially correlated

 Covariances can be estimated by equally weighted minimum distance
or optimal minimum distance. As shown by Altonji and Segal (1996), the
latter can produce inconsistent estimates in finite samples, so we adopt the
former.
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at the first order, but not at the second or higher orders. In
other words, the autocovariance at order zero should be
E[(Au;)?] = (1 + 02)a2, the autocovariance at the first
order E(AuyAu;—,) = —00?, and the autocovariances
E(AuyAu;;—j) = 0 for all j = 2. The corresponding
autocorrelation coefficients (the ratio between the auto-
covariance at a given order and that at order zero) should

- (1-3—62)’ and 0, respectively.

We find that the estimated autocovariances and autocor-
relations are not inconsistent with the income process in
equation (3), that is, that the stochastic component of the
income process is well described by the sum of a random
walk permanent component and a serially uncorrelated
transitory shock. Recall that, because of the sample design
of the SHIW data, we can only construct the covariance
matrix for two-years-apart income residuals, u; —
v + (1 — 0)v;—; — Bv;_,. To check the consistency of
the estimated income process with the model in equation
(3), note that the model implies the following restrictions on
the covariance matrix of the first difference of the income
residuals in level:

be 1,

Ujp—2 =

E[(u; — uy»)*1 =2(1 — 0 +0%)0o?

E[ (i — o) (o — ui-4)] = —607

El[(uiy — wip—)(uy—j — uy—j—p)] = 0 forall j =4

The corresponding autocorrelation coefficients are 1,
0

21— 0+6%)
are not rejected by the data. We find that the first-order

and 0, respectively. The restrictions above

autocorrelation coefficient (an estimate of —m)

is negative (—0.26) and statistically significant (a ¢-statistic
of —3.2). In contrast, higher-order autocorrelation coeffi-
cients are not statistically different from zero: the second-
order autocorrelation is —0.09 (with an insignificant
t-statistic of —1.2), and the third-order autocorrelation
—0.10 (with an insignificant z-statistic of —1).1°

IV. The Empirical Distribution of the Income Shocks

Table 1 displays the cross-sectional distribution of in-
come shocks for the sample that includes heads or spouses
(1,102 households).!! Income shocks are divided by current
earnings. Because we have available only the sum of per-
manent shocks in 1990 and 1991, the figures in the first
column are the ratio of average permanent shock between

10 If the process is estimated in logs rather than levels, the size and the
statistical significance of autocorrelation coefficients are very similar.

1'For 95% of our sample, we use information directly pertaining to the
head of the household.
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TABLE 1.—THE DISTRIBUTION OF INCOME SHOCKS

Average
Permanent Shock

Transitory Shock
in 1991

Transitory Shock
in 1989

Earnings in 1991 Earnings in 1991 Earnings in 1989

Age in 1991
<35 —0.0193 0.0133 —0.0117
(0.0153) (0.0046) (0.0043)
35-55 —0.0345 0.0080 —0.0087
(0.0108) (0.0034) (0.0023)
>55 0.0060 —0.0052 —0.0182
(0.0098) (0.0044) (0.0035)
Education
Compulsory —0.0031 —0.0002 —0.0118
(0.0061) (0.0030) (0.0025)
High school —0.0393 0.0103 —0.0112
(0.0112) (0.0047) (0.0028)
University —0.0334 0.0093 —0.0232
(0.0189) (0.0077) (0.0062)
Region
North —0.0258 0.0104 —0.0099
(0.0101) (0.0043) (0.0029)
South —0.0243 —0.0038 —0.0114
(0.0113) (0.0029) (0.0025)
Occupation
Employed —-0.0177 —0.0004 —0.0077
(0.0107) (0.0036) (0.0021)
Self-employed —0.0665 0.0101 —0.0059
(0.0235) (0.0076) (0.0057)
Sector
Private —0.0190 0.0005 —0.0063
(0.0092) (0.0030) (0.0029)
Public —0.0209 0.0122 —0.0089
(0.0098) (0.0042) (0.0030)
Family income
1¥" quartile —0.0325 —0.0137 —0.0171
(0.0162) (0.0052) (0.0036)
2" quartile —0.0182 0.0049 —0.0088
(0.0131) (0.0035) (0.0041)
3 quartile —0.0100 0.0103 —0.0132
(0.0112) (0.0054) (0.0032)
4 quartile —0.0077 0.0148 —0.0115
(0.0130) (0.0047) (0.0036)
Whole sample —-0.0171 0.0039 —0.0127
(0.0068) (0.0024) (0.0018)

Standard deviations are reported in parenthesis.

1990 and 1991 and earnings in 1991. The other two columns
focus on the relative transitory shocks in 1991 and 1989,
respectively.

In 1991, average earnings feature a negative innovation
of approximately 1.4% in real terms; the decomposition into
transitory and permanent shocks, however, reveals that,
although the permanent component plays a negative role
(—1.7% on average), the transitory shock is positive
(+0.4% on average).

With the exception of the elderly, permanent shocks are
on average negative for all population groups; however, the
effect is stronger for the self-employed, the middle aged,
those with more than compulsory education, and the poor
(as measured by family income quartiles). As for the tran-
sitory shocks in 1991, these are higher for the young, the
self-employed, the public employees, and those living in the
north. Note that, unlike other groups, the poor face a
negative transitory innovation in 1991. Finally, the transi-
tory earnings shock in 1989 is negative (—1.3% vis-a-vis +

THE REVIEW OF ECONOMICS AND STATISTICS

0.4% in 1991), and it is particularly strong for those ap-
proaching retirement and those with a college degree.

An average permanent shock of —1.7% is not negligible.
There is evidence (Miniaci & Weber, 1999; Bertola &
Ichino, 1996) showing that in the early 1990s Italian house-
holds perceived a negative permanent change in their life-
time income. This was due to various reasons: radical
political change, pay freezing in the public sector that
spread to the private sector through income policy experi-
ments, increasing taxation aimed at meeting the Maastricht
Treaty criteria, and pension and labor market reforms.

In particular, in 1991 the wage indexation clause (scala
mobile) was abolished, and the laws regulating the hiring
process were dramatically renewed with the aim of relaxing
labor market regulations. It has been argued that the former
had the effect of increasing earnings inequality after de-
cades of compression in the earnings distribution, whereas
the latter had the effect of increasing earnings uncertainty
because of greater job instability (Bertola & Ichino, 1996).

The income policy experiments were introduced as a
transitory measure aimed at freezing pay rise after years of
unnecessary adjustments; ex post, some of these measures
seem to have permanently reduced wages purchasing power.

In our context, pension reforms can be important to an
extent that depends on how much the prospective income
power of those who are currently working is affected. Due
to the unprecedented imbalance between contributors and
beneficiaries in the Italian pay-as-you-go social security
system, both the Amato and the Dini reforms (the two main
reforms implemented in the early 1990s, named after the
prime ministers who signed them) went in the direction of
cutting future benefits and increasing contributions.

Finally, labor market and pension reforms were accom-
panied by an increase in taxation. The self-employed are
likely to have suffered more from the introduction of new
fiscal measures. Although a privileged category because of
the possibility of evading taxes more easily than the em-
ployed, the self-employed were hit by the introduction of a
minimum tax, which based tax payments on the presump-
tion of a minimum annual income. The radical change in
political attitudes towards tax noncompliance and the intro-
duction of stricter measures for tax enforcement might have
contributed to strengthen the perception of a decline in the
permanent income for this group.

A final remark is that one observes only a snapshot of the
distribution of earnings shocks in 1989 and 1991; a thor-
ough analysis of how people form and change their expec-
tations in the face of idiosyncratic and aggregate events
would require a longer period of observations, which would
ease the task of disentangling life cycle from business cycle
related shocks. Unfortunately, subjective expectations are
rarely asked in survey data, and, in the case of the SHIW,
they were asked in the format used in this paper only in
1989 and 1991.
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TABLE 2.—THE “SAVING FOR A RAINY DAY” EQUATION

6y

2) (3)

Transitory shock, 0.6384
(0.2590)
Permanent shock;
Conditionalvariance,
1000
Age 211.30
(114.35)
Age? -2.49
(1.07)
Family size 2253.68
(300.49)
Children aged 0-5 —3469.48
(646.32)
Children aged 6-13 —3023.84
(469.08)
Children aged 14-17 —3521.75
(639.92)
# of observations 2,204
R? 0.0560

1.2165 1.2201
(0.2979) (0.2977)
0.1662 0.1613
(0.0743) (0.0740)
0.9866
(0.3676)
219.41 212.58
(148.23) (147.95)
—2.40 —-2.29
(1.38) (1.37)
2435.85 2441.49
(361.72) (358.13)
—3517.38 —3430.82
(956.08) (954.64)
—2748.13 —2711.16
(647.16) (643.42)
—3014.45 —2978.25
(890.71) (887.80)
1,102 1,102
0.0986 0.1039

The sample includes 1,044 heads (94.74% of the sample) and 58 (5.26%) spouses. Saving is defined as the difference between family disposable income (including asset income) and nondurable consumption.
Standard errors robust to heteroskedasticity of unknown form are reported in parenthesis. All regressions include a constant.

V.  Empirical Results
A. The Saving Equation

In this section, we present the results of estimating the
saving equation (9). We check the robustness of our main
findings and discuss the issue of measurement error in
subsections B and C, respectively.

Saving is defined as the difference between family dis-
posable income (including income from assets) and nondu-
rable consumption. This definition implies that durables are
a form of capital that produces a service flow. In this case,
the service flow should be included in asset income and
added to consumption, thus canceling out of the definition
of saving we adopt here. Descriptive statistics show that
average saving is about 10.9 million lire in 1989 (with a
standard deviation of 12.2 million lire) and 11.8 million lire
in 1991 (with a standard deviation of 11.6 million lire). In
both years, the distribution of saving is positively skewed
(sample medians are about 7.2 and 8.6 million lire, respec-
tively, in 1989 and 1991), with few households reporting
negative savings (4.72% in 1989 and 6.72% in 1991). Now
we turn to the discussion of our regression analysis.

Table 2 presents the results of estimating the saving
equation (9) for the sample of heads and spouses (1,102
households). Three basic regressions are estimated: (i) the
one strictly implied by the PIH with only the transitory
income shock as an additional explanatory variable, and
then including (ii) the permanent income shock, and (iii) the
conditional variance of income. The latter can be derived
from subjective expectation data. (see appendix A.) Note
that the OLS regressions for specification (i) can be esti-
mated for both 1989 and 1991 as it does not involve lagged
variables; thus, in this case, the sample size is twice as large
as the one for specifications (ii) and (iii). OLS estimates for
the three models above are presented in columns 1 through

3 of table 2. Standard errors are robust to the presence of
heteroskedasticity of unknown form. We control for prefer-
ence heterogeneity by assuming that the bliss point of
household utility is a function of age, age squared, family
size, and the number of children in three age bands (0-5,
6-13, 14-17).

The results reported in column 1 support the permanent
income hypothesis with rational expectations: savings react
strongly to transitory income shocks (a point estimate of
0.64). The null hypothesis that saving reacts on a one-for-
one basis to transitory earnings shocks has a p-value of
14%. The null hypothesis that the coefficient on the transi-
tory shock equals (1 + r)~! can be tested by considering a
grid of possible values for the real interest rate ranging from
0% to 10%;'? the null hypothesis is never rejected. As for
the effect of demographics, family size increases saving,
and the presence of children in any age band reduces it, the
effect being stronger for infants and adolescents.

As discussed in subsection IIIA, the biennial nature of the
SHIW data prevents the identification of the permanent
shock (;;, while the sum ({;; + {;—;) is identified by
equation (10). In column 2 of table 2, we thus add to the
main specification the sum of the permanent income shocks
in periods ¢ and ¢ — 1. The coefficient attached to the latter
is an estimate of the marginal propensity to save out of a
permanent shock. The results show that the null hypothesis
that the latter is zero can be rejected: permanent income
shocks are significant predictors of household savings.
Taken at face value, these results suggest that households
save not only the transitory income shocks, but also a

12 The average real interest rates in 1991 were 0.58% (deposits), 5.58%
(Treasury bonds), and 4.32% (other assets, including shares). Interest rates
in 1989 were very similar to those for 1991.
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TABLE 3.—THE “SAVING FOR A RAINY DAY EQUATION: SENSITIVITY ANALYSIS

Excluding Those Excluding the

Excluding Multiple-earner

Aged over 65 Self-employed Households Including Durables
1) @) 3 “
Transitory shock, 1.1245 0.9474 0.9899 1.0575
(0.3205) (0.3642) (0.3576) (0.2630)
Permanent shock, 0.1643 0.1941 0.1682 0.1739
(0.0799) (0.0709) 0.0757) 0.0722)
Conditionalvariance, 0.9948 0.7938 0.7659 0.7945
1000 0.4174) 0.3517) (0.3867) (0.4753)
Age 308.96 263.50 168.77 182.03
(309.98) (151.09) (140.91) (148.13)
Age? —341 —2.83 —-191 —1.49
3.41) (1.38) (1.33) (1.37)
Family size 2169.64 2825.75 —226.82 1963.58
(396.71) (369.88) (356.97) (354.66)
Children aged 0-5 —3251.97 —3367.53 —965.47 —2534.68
(982.45) (985.01) (1004.65) (1025.01)
Children aged 6-13 —2408.48 —2775.69 —146.93 —2162.19
(689.32) (712.85) (609.04) (644.59)
Children aged 14-17 —2780.64 —3829.58 525.40 —3205.93
(923.34) (963.15) (909.67) (920.02)
# of observations 911 903 494 1,102
R? 0.0879 0.1130 0.0875 0.0786

In columns 1 through 3, saving is defined as the difference between family disposable income (including asset income) and nondurable consumption; in column 4, as the difference between family disposable
income and total consumption. Standard errors robust to heteroskedasticity of unknown form are reported in brackets. All regressions include a constant.

sizeable portion of the permanent shocks.!'? Therefore, the
certainty equivalence model seems to fail in the sense of
predicting a lower standard deviation of saving than we see
in the data.!'4

In column 3, we test for precautionary saving including
the conditional variance of head’s earnings'> alongside the
transitory shock and the permanent shock. The version of
the permanent income hypothesis we have tested so far
might fail because preferences are not quadratic. If individ-
ual preferences admit a positive third derivative (for in-
stance, if consumers are prudent in the sense clarified by
Kimball (1992)), then the estimates of the “saving for a
rainy day” equation are inconsistent because of the omission
of higher moments of the distribution of income shocks that
are likely to be correlated with the realization of the shocks.
The test we conduct is simple. Under the null of the

13 Our results are fairly close to Paxson (1992). Using a sample of Thai
households, she finds that savings respond both to transitory and perma-
nent shocks but not to regional rainfall variability (which she interprets as
a measure of income uncertainty). Also, in her case, the response to
transitory shocks is much higher than that to permanent shocks.

14 Cambell (1987) notices that, at least in principle, the PIH restricts the
average level of saving along with its variability. In particular, the PIH
implies that the average level of saving should be —r~! times the average
income change. This restriction is derived under the assumption that
T — oo, and is therefore hard to test with household panel data, where one
exploits for consistency a large cross-sectional dimension with a fixed
time dimension.

15 This is defined as var (y;+; — v;,Q;) = var (y;,+1|€,,). The variance
term is obtained from the conditional variance of the rate of growth of
future earnings by noting that

[(y:r+l B y:r)
var -
Vit

Note that we cannot distinguish between the variance of the transitory
shock and the variance of the permanent shock.

Qn:| = y;z var (y:r+l - yn|Qn)~

permanent income hypothesis with quadratic preferences,
higher moments of the distribution of earnings should not
matter. The hypothesis is firmly rejected: the conditional
variance of earnings has the expected sign (more uncer-
tainty increases current saving) and it is statistically signif-
icant, thus suggesting that the assumption of quadratic
preferences is inappropriate. This conclusion is supported
by previous empirical evidence available for Italy (Guiso et
al., 1992; Jappelli & Pistaferri, 2000).

B. Sensitivity Analysis

We performed several tests to check the robustness of the
results. Here we briefly comment on sample selection, the
definition of saving, the relevant time horizon for saving
choices, and the evidence for consumption growth.

We experiment by excluding the elderly (those aged more
than 65, the standard retirement age for males), the self-
employed, and multiple-earner households. The reason to
exclude the elderly is that the decomposition of income
shocks between a transitory and a permanent shock is
possibly no longer valid for the retired or those approaching
retirement. The reason for excluding the self-employed is
that, as reported by Brandolini and Cannari (1994), they
tend to understate or misreport their current earnings; more-
over, for this group is more difficult to separate labor
income from asset income. Finally, given that we rely only
on the subjective expectations of the head of the household
to identify both the shocks to income and the conditional
variance, it is worth assessing whether the results change
once multiple-earner households are removed from the
sample.
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The results obtained from excluding these groups are
presented in the first three columns of table 3. It is worth
noting that the magnitude of the various effects is not much
affected by such exclusions; on the other hand, the precision
of the estimates (in particular the effect of demographics) is
slightly attenuated if either population group is excluded.!®

As noted in subsection VA our definition of saving ex-
cludes durable consumption. If the PIH applies to total
consumption rather than nondurables, our measure of sav-
ing equals the true measure plus an error, the fraction of
nondurables over total consumption times total consump-
tion. Because the error is not orthogonal to the true measure
of saving, there would be a bias in the OLS estimates. In
theory, the bias depends on two factors: the fraction of
nondurables over total consumption (the smaller the fraction
the larger the OLS bias), and the correlation between total
consumption and the true measure of saving. If the two are
negatively correlated, there is a standard attenuation bias; if
they are positively correlated, there is an upward bias.
Empirically, however, the OLS regressions for the two
definitions of savings are very similar, as shown in column
4 of table 3.

The textbook version of the PIH tested so far is based on
the assumption of an infinite horizon; this can be justified by
the presence of an operative bequest motive. If instead the
horizon is finite (for instance, if individuals live T periods
with certainty) the saving equation (8), omitting for sim-
plicity age and other demographic effects, can be written as

| L]
S T T L T A+ | S

where the term in brackets is an annuitization factor. In this
case, the effect of the transitory shock is declining with age.
(In the last period of life, all shocks are alike and thus
consumed.) Because the optimal rule for the permanent
shock is invariant to the horizon length, this is still entirely
consumed, not saved or dissaved. To test this variant of the

PIH, we interact the transitory shock with the annuitization
-1

factor )1 } (assuming r =

r
BT L (14 7)1+
0.02, T = 100, and ¢ as the age of the respondent). The
coefficient on such interaction is 1.26 with a standard error
of 0.31; the coefficients on the other variables (including the
permanent shock and the conditional variance) are very
similar to those presented in table 2.7 Thus, the results do
not seem to depend on the assumption about the horizon
length.

16 Unobserved heterogeneity in savings may be a further cause of
concern, in particular if it is correlated with shocks to income. A standard
procedure to eliminate fixed unobserved heterogeneity is to first-differ-
ence the data. However, given the peculiar nature of the SHIW data, we
would be able to test the effect of only the transitory shock on saving,
because we do not have two observations on the permanent shock. As a
result, the test implied by equation (9) could not be implemented.

17 Experimenting with different values for 7 or r produces similar
results.
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TABLE 4.—THE CONSUMPTION CHANGE EQUATION

Transitory shock, 0.0874
(0.0812)

Permanent shock, 0.5746
(0.1089)

Conditional variance, 0.1421
1000 (0.3188)

Age 23.02
(18.40)

AFamily size 3603.68
(699.75)
AChildren aged 0-5 —466.46
(969.35)
AChildren aged 6-13 —157.74
(814.94)
AChildren aged 14-17 —227.71
(771.13)

# of observations 1,102

R? 0.0828

The sample includes 1,044 heads (94.74% of the sample) and 58 (5.26%) spouses. The dependent
variable is the change in nondurable consumption. Standard errors robust to heteroskedasticity of
unknown form are reported in parenthesis. The regression includes a constant.

As a final check of internal consistency, we look at
nondurable consumption data. In equation (9), the coeffi-
cients 3; and B, have in fact a structural interpretation: they
are the propensity to save out of a transitory shock and the
propensity to save out of a permanent shock, respectively.
The theory predicts B; = (1 + )~ ! and B, = 0. The same
parameters can be estimated in a consumption change equa-
tion (that is, the Euler equation for consumption), which
predicts, omitting for simplicity age and other demographic
effects

_ r
1+

= (1 =Be;+ (1 = B

The results of estimating equation (11) are reported in
table 4, where we also control for changes in demographics
and the subjective variance. Given the biennial nature of the
SHIW data, our estimating equation is (omitting again the
demographics and the conditional variance term)

Cir — Cip—y = (1 — By) (e +€;—y)
+ (1 - Bz)(gir + Z,ir—l) + gir

where &;, is an error term.!® We observe €;, and ({;; + {;—1),
but do not observe €;;,_;, which is therefore subsumed in the
error term. The results are in line with those in table 2. The
transitory shock does not impact consumption because it
only impacts savings from the analysis above. The coeffi-
cient is small in magnitude (0.09) and statistically insignif-
icant (a standard error of 0.08), implying that one would not

Acy, €+ {i

(1)

18 As noted in subsection VA, our definition of nondurable consumption
should include the service flow of durables. To avoid biases arising from
the omission of the latter (on which we lack information), we need to
assume that the service flow of durables is constant over time, or
alternatively that its change is orthogonal to the left-hand side of equation

(11).
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reject the theoretically consistent null hypothesis that (1 —
B1) = 0. As for the permanent shock, the estimated effect is
statistically significantly below 1. The variance has the
expected sign, but is less precisely estimated than in the
saving equation. Other demographics, with the exception of
family size, are also less precisely measured.!”

C. Measurement Error

If the variables we use to measure the transitory and the
permanent shock are subject to measurement error, OLS
estimates will be invalid. A way to tackle this issue would be
to find suitable instruments for the income shocks, a strategy
that we find difficult to implement given the available data.
Absent a good empirical strategy to confront this problem,
here we limit ourselves to a discussion of the bias we are
likely to face and the related theoretical implications.

In what follows, we neglect measurement error in sub-
jective expectations. If these were reported with error, one
should find 3, to be biased towards zero. However, from the
estimation results presented in column 1 of table 2, one can
infer that such attenuation bias is not serious.

We consider two sources of measurement error bias. First,
income may be measured with error. In this case, the OLS
estimates will be biased because the dependent variable
(saving, defined as disposable income minus consumption)
and the permanent shock (defined as in equation (6), and
therefor depending on the head’s earnings) may have mea-
surement errors that are not independent. The consequence
is that the estimate of B, in equation (9) will be upward
biased (a nonstandard effect) because of the positive corre-
lation between the measurement error in disposable family
income and the measurement error in the head’s earnings. In
other words, one may find 3, higher than predicted by the
PIH. This problem is not solved by estimating the parame-
ters B; and (3, from the Euler equation (11). In fact, even
though the measurement error in consumption may be
independent on the measurement error in the head’s earn-
ings, the permanent shock variable may still be measured
with error (because earnings are). This means that the
estimate of (1 — [3,) in equation (11) will be biased towards
zero, a standard attenuation effect.

The second source of bias is due to the fact that, with
biennial data, the right-hand side of equation (10) measures
the permanent shock {;; with an error, {;;—;. Under the null
of the PIH, this measurement error does not matter because
B> = 0. Under the alternative, however, a downward bias
arises.

To understand how the two sources of measurement error
bias impact our estimates, recall that s, = Y, — c¢,, with
disposable income Y, being the sum of labor income y, and
asset income k,. Assume also that labor income is measured
with error, y¥ = y, + m,, so that s¥ = s, + m, (the subscript

19 Note that the demographics that enter the saving equation in level
format must enter the consumption change equation in first-difference
format.

2(0% + (rf])
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for the individual is omitted for simplicity). Our saving
regression is

sT= X8+ Bol + .

(12)
= X8 + Bo(C+ Ci—1) + [ — Bali-1],

where X contains the constant term, the demographics, the
transitory shock and the conditional variance term, and the
second equality takes into account the fact that we approx-
imate {, with ({; + {,—). Rewrite equation (12) as

s7= X8+ By —y2— E, ,+E)+ [T]t - BZZ:t—l]
= X3+ Boyi—yia—E_,+E)
+ [(1 - BZ)T]t + B — Bzgt—l]

where (y; — y;-» — E;—o + E) = ({; + ;) from
equation (10) and E,_, and E, are the subjective expecta-
tions of future earnings. The expression in square bracket is
the error term of the OLS regression.

Assume that X is measured without error and that it is
orthogonal to the permanent shock variable. Although this is
admittedly unrealistic, examining this very simple case will
give us at least a feeling of the problems involved. Finally,
assume that { and m are serially and mutually uncorrelated
ii.d. processes with mean zero and variances (rg and (rfl,
respectively.

The probability limit of the OLS estimator of 3, is

2 2
O'é ] (o)

+ M
2(0% + (rf]) 2(0% + (rf]) ’

Plimézzﬁz[ (13)

where we use the fact that (y* — y¥, — E,., + E) =
(& + L—1 + M — Me-2).

If the PIH is true (3, = 0) this expression converges to

2

o n

1 > 0. Thus, under the null of the PIH, 3, is

upward biased. Empirically, we find that [_3)2 is about 0.2, a

result that is consistent with the PIH (B, = 0) and the

presence of the two sources of measurement error bias
2

o
considered here. For realistic values of Tnz (around 0.4,
o;to

say), the PIH holds approximately true (3, == 0). It is easy
2

o
to check that higher values of ﬁ imply B, < 0, a result

inconsistent with the PIH but also with alternative models of
consumption choice. Thus, one may justify an estimated
marginal propensity to save out of a permanent shock
strictly greater than zero just by appealing to measurement
error. However, although the presence of measurement error
can explain this finding, it cannot explain why the condi-
tional variance of earnings is a statistically significant de-
terminant of household saving.

Both findings can instead be made consistent with models
of consumption that are alternative to the PIH irrespective
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of measurement error. Deaton (1991) presents simulation
results for prudent households facing constraints on net
wealth. He shows that, while a considerable amount of
smoothing takes place, there are downward spikes in con-
sumption when the constraint binds. In this model, saving
reacts positively to both permanent shocks and income risk,
a prediction that is consistent with our empirical results.
Carroll (2000) refines Deaton’s insight along the following
lines. He shows by means of simulations that a marginal
propensity to save out of a permanent shock strictly greater
than zero and a positive reaction of saving to income
uncertainty are consistent with a buffer-stock model in
which prudent and impatient individuals face both transitory
and permanent shocks. The reason is that, in this model,
consumers attempt to maintain a target wealth-to-permanent
income ratio. A positive permanent shock to the level of
permanent income reduces this ratio, thus inducing the
consumer to increase saving to reachieve the target. A
negative permanent shock works exactly in the opposite
direction. Additionally, prudence prompts precautionary
saving. In Carroll’s simulations, in particular, the marginal
propensity to save out of a permanent shock ranges between
0 and 0.15.

VI. Conclusions

This paper has presented tests of the permanent income
hypothesis with quadratic preferences. We have shown that
the availability of subjective income expectations and in-
come realizations allows the exact identification of transi-
tory and permanent income shocks if data are available for
at least two consecutive time periods. Subjective income
expectations are then used to test the hypothesis that house-
holds save only in response to transitory shocks, a predic-
tion that derives from the assumption that the stochastic
component of income is the sum of a random-walk perma-
nent component and a serially uncorrelated transitory shock.
Given that the saving innovation is explicitly controlled for,
Chamberlain’s critique does not apply in our context; esti-
mates are thus consistent even in a short panel.

The empirical analysis shows that, although the reaction of
savings to transitory income shocks agrees with the predictions
of the theory (a coefficient of one), the arrival of a permanent
shock prompts saving as well (although the effect is tinier),
contrary to the theory that predicts no effect. In addition, we
have shown that the assumption of quadratic preferences is
inappropriate: higher moments of the distribution of earnings
should not matter, but they do. This finding is supported by
previous evidence, is in agreement with the existence of a
precautionary motive for saving, and is consistent with the
theoretical lack of plausibility of the assumption of increasing
risk aversion implied by quadratic preferences.

The evidence that savings react to permanent shock can
have at least two explanations. One possibility is that the
PIH is a good description of the data, but measurement
errors bias the estimated coefficient away from zero. There
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is, however, also a strictly theoretical explanation in which
the marginal propensity to save out of a permanent shock is
greater than zero. Buffer stock behavior of the type de-
scribed by Deaton (1991) and Carroll (2000), in which
consumers are both impatient and prudent, implies that
savings responds not only to transitory shocks but also to
permanent shocks, although to a much lower extent. Given the
evidence in favor of a precautionary motive for saving, the
results obtained in this paper are probably best read as the
combination of measurement error problems and theoretical
amendments to the standard certainty equivalence framework.
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APPENDIX

Survey Questions on Income Prospects

In both 1989 and 1991, each labor income and pension recipient
interviewed SHIW was asked the following two questions.

Inflation expectations: ~ “‘On this table [a table is shown to the respon-
dent] we have indicated some classes of inflation. We are interested in
knowing your opinion about inflation twelve months from now. Suppose
that you have 100 points to be distributed between these intervals. Are
there intervals you definitely exclude? Assign zero points to these inter-
vals. How many points do you assign to each of the remaining intervals?”
For this and the following question, the intervals on the table shown to the
person interviewed are: less than 0, 0-3, 3-5, 5-6, 6-7, 7-8, 8-10, 10-13,
13-15, 15-20, 20-25, >25%. If the response is “less than 0,” the person
is asked: “How much less than zero? How many points would you assign
to this class?”

Income expectations: “We are also interested in knowing your opin-
ion about your labor earnings or pensions twelve months from now.
Suppose that you have 100 points to be distributed between these inter-
vals. [A table is shown again.] Are there intervals you definitely exclude?
Assign zero points to these intervals. How many points do you assign to
each of the remaining intervals?”.

To construct subjective expectations and variances of the variable of
interest (either the rate of growth of nominal earnings or the rate of
inflation), we set the upper bound of the distribution—the open inter-
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val—at 35%. Let x;, be the variable of interest. The subjective expectation
of x;, at time r — 1 is then given by

K
E(xir|Qir—l) = Z [Prixe-1 =< x; <x)127" (% + xes1)
k=1
and the subjective variance by

K
Va-r(xir|Qir— )= Z [Pr(xe—1 < X < x)]

k=1

X [2_l(xk + Xe1) — E(Xir|Qn—|)]2,

where xx and x, are, respectively, the upper and the lower bound of the
distribution. Note that the intervals are not of the same size. More
precisely, x, = O for those assigning zero probability to a negative
earnings growth event; otherwise, it is a value chosen by the respondent;
x; = 0.03; x, = 0.05; x; = 0.06; x, = 0.07; x5 = 0.08; x, = 0.1;
x7; = 0.13; xg = 0.15; x9 = 0.2; x;0 = 0.25; xg = x;; = 0.35. Because
we do not attempt to estimate the variance within each interval, the
conditional variance Var (x,»,|Q,»,,]) is equal to zero for those reporting
point expectations.

People report one-year-ahead expectations referring to the rate of
growth of their earnings; to obtain the one-year-ahead expectations
of changes in earnings that would identify the transitory earnings
shocks, we simply solve for the expected change in earnings. Given
the assumptions on the timing of the expectations, the computation
of the latter is simple. First, we define E(Gy,»,v,+]|Q,»,), the expected
growth rate of income between year ¢ and year r + 1 (where r = 1989
or 1991). This rate is defined in real terms. Then, we derive
E(A)’iz+1|Qn) = )’izE(G}’iz,r+1|Qn)~



