
Intertemporal choice and consumption
mobility∗

Tullio Jappelli†and Luigi Pistaferri‡

August 2000

Abstract

The theory of intertemporal consumption choice makes sharp pre-
dictions about the evolution of the entire distribution of household
consumption, not just about its conditional mean. In a first step, we
study the empirical transition matrix of consumption using a panel
drawn from the Bank of Italy Survey of Household Income andWealth.
In a second step, we simulate the transition matrix of the consumption
distribution using parameters for the income process estimated on the
same dataset. Comparison between the actual and the simulated tran-
sition matrix for consumption is favorable to the permanent income
hypothesis once we allow for measurement error in consumption and
a moderate degree of excess sensitivity to income shocks. The theory
of consumption insurance is strongly rejected.
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1 Introduction

Household consumption is widely used for the purpose of measuring poverty
and, more generally, for welfare analyses. There are also important policy
implications related to the degree of consumption mobility a society experi-
ences. At the two opposite extremes, societies could be completely polarized
or completely mobile. In the first case, poverty is a permanent status (at least
in relative terms) and any escape from the poverty trap does not last long; in
the second case, poverty is a transitory state, but the high level of consump-
tion volatility induced by a strong mobility up and down the socio-economic
ladder may have the undesirable effect of increasing individual uncertainty.
To our knowledge, there is no empirical work attempting to relate changes

in the distribution of income or in the demographic structure of the popu-
lation with consumption mobility. Cutler and Katz (1992) examine con-
sumption and income data in the Consumer Expenditure Survey, but their
analysis, as that of Johnson and Shipp (1997), is descriptive and concerned
with consumption inequality rather than consumption mobility. In contrast,
there is a long tradition of studies of earnings and income mobility. Existing
contributions can be divided into two broad groups. In a first group, the
focus is on analyzing transition probabilities across quantiles of the earnings
distribution by Markov-chain models of earnings mobility (Shorrocks, 1976).
In a second group of studies, a process for the conditional mean of earnings
is specified and estimated. To gauge the ability of the model to fit the exist-
ing data, transition probabilities are estimated using regression analysis and
compared to the actual transition probabilities (Lillard and Willis, 1978).
In this paper we attempt to understand which model of intertemporal con-

sumption choice is capable of explaining the amount of consumption mobility
we observe in the data. We focus on the theory of consumption insurance,
the rule-of-thumb model, and the permanent income hypothesis (PIH). We
calculate the theoretical degree of consumption mobility stemming from these
models and compare them statistically with the actual amount of mobility
estimated in the data. The exercise is performed constructing a transition
matrix for consumption and applying non-parametric statistical tools to test
different hypotheses concerning consumption dynamics. Since to measure
consumption mobility one needs to follow households over time, the empiri-
cal analysis is conducted on a panel drawn from the Bank of Italy Survey of
Household Income and Wealth for the years 1987 to 1995. The survey we use
is representative of the Italian population, spans nine years of data, contains
a measure of total non durable consumption and has good quality income
data. Since there are virtually no panel datasets with broad consumption
measures, a by-product of this paper is to bring the dataset to the attention
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of empirical macroeconomists.
To see how the theory of intertemporal choice delivers implications for

consumption mobility, consider first the extreme case of full consumption
insurance. According to this theory, the cross-sectional distribution of con-
sumption of any group of households is constant over time. Of course aggre-
gate consumption can increase or decrease, so that consumption growth for
any household can be positive or negative, but the relative position of each in-
dividual in the cross-sectional distribution is preserved over time. Consump-
tion insurance makes therefore strong predictions about the entire consump-
tion distribution, not just its mean or variance. In particular, consumption
insurance implies the total absence of consumption mobility between any two
time periods, regardless of the individual income shocks. It follows that if
one observes people moving up and down in the consumption distribution one
must conclude that some people are not insulated from idiosyncratic shocks,
which contradicts the assumptions of full consumption insurance. Although
this implication of consumption insurance was mentioned in a theoretical
paper by Banerjee and Newman (1991), to our knowledge it has never been
explored in empirical analysis.
A second extreme case is the rule-of-thumb model which predicts that

households set consumption equal to income in each period. Given that any
change in current income translates into an equivalent change in consump-
tion, one should expect a relatively high degree of consumption mobility if
shocks are not correlated with the rank position in the initial distribution of
consumption.
In more realistic models with incomplete insurance, individuals use sav-

ing as a self-insurance device and are able to smooth away at least some of
the income variability. The case we consider is one in which income shifts
over time because of transitory (e.g., mean reverting) and permanent (e.g.,
persistent or non-mean reverting) shocks. If people behave according to the
PIH, consumption reacts mostly to permanent unanticipated income shocks,
but is almost insensitive to transitory ones. Households will therefore move
up and down in the consumption distribution only in response to permanent
shocks. Thus one should expect a degree of mobility that is intermediate be-
tween the level predicted by the consumption insurance hypothesis and the
rule-of-thumb model. As we shall see, versions of this model with quadratic
utility or precautionary saving make similar (although not identical) predic-
tions about the impact of income shocks on consumption mobility.
Our work is related to Deaton and Paxson (1994), who focus on consump-

tion inequality - the cross-sectional dispersion in consumption - rather than
consumption mobility - the individual transitions across the consumption
distribution. They derive implications for consumption inequality in mod-
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els of intertemporal choice and show that the PIH implies that the cross-
sectional dispersion in consumption of any given generation increases over
time. Consumption insurance instead implies that the cross-sectional vari-
ance of consumption of the same generations should be constant over time.
As in their paper, we also derive unexplored theoretical predictions and con-
front them with the data. Our test requires panel data, while their analysis
can be performed with repeated cross-sectional data.
The rest of the paper is organized as follows. Section 2 presents the mo-

bility index and the non-parametric test of consumption mobility. The data
and the empirical results are presented in Section 3. In Section 4 we review
the implications for consumption dynamics of the theories of intertemporal
consumption choice and consider how to account for measurement error in
consumption. In Section 5 we calibrate the simulations. In section 6 we
present the simulation results and confront the theoretical predictions with
the empirical transition probabilities. We strongly reject full consumption
insurance; the PIH is the model that fits the data best once we allow for real-
istic values of measurement error in consumption and a moderate amount of
excess sensitivity to income shocks. The simulations are also able to repro-
duce remarkably well the difference in consumption mobility that we observe
in samples stratified according to education and year of birth. Section 7
summarizes our results.

2 The mobility index

To summarize the transition matrix for consumption through an appropriate
index of mobility, we build on an approach proposed by Shorrocks (1978).
Assume that P is an unobservable q×q stochastic transition matrix of house-
hold consumption, q being the number of quantiles in the distribution. For
notational simplicity we consider transition probabilities from period t to
period t + 1; extending the argument to transition probabilities in periods
t + 2, t + 3, and so on, is straightforward. The generic element of P is pij,
the probability of moving from quantile i in period t to quantile j in period
t + 1. Define nij as the number of households that move from quantile i in
period t to quantile j in period t+ 1 and ni =

P
i nij as the total number of

observations in each row i of P. The maximum likelihood estimator of the
first-order Markov transition probabilities is bpij = nij

ni
. The Shorrocks index

of mobility is then defined as:1

1In its original formulation, the index is divided by (q − 1) rather than by q. We use
this slight modification to bound the index between 0 and 1.
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S (P) =
q − trace(P)

q
(1)

If the probability of being in quantile i in period t is independent of that
of being in quantile j in period t + 1, the typical entry of the transition
matrix is pij = q

−1 for all i and j, and trace(P) = 1. If the probability of
being in quantile i in period t equals that of being in quantile j in period
t+ 1, the typical entry of the transition matrix is pij = 1 for all i = j and 0
otherwise. In this case trace(P) = q and S(P) = 0. Since 0 ≤ trace(P) ≤ q,
the mobility index satisfies the condition 0 ≤ S(P) ≤ 1.2 S(P) can be
interpreted as the proportion of households moving across the consumption
distribution between t and t+ 1.
The central limit theorem implies that trace( bP) a∼ N

³P
i pii;

P
i
pii(1−pii)

ni

´
,

so that S( bP), the maximum likelihood estimator of S(P), is asymptotically
normally distributed (Schluter, 1998):

S
³bP´ a∼ N

Ã
q −P

i pii
q

;
1

q2

X
i

pii (1− pii)
ni

!
,

and one can test the null hypothesis that S(P) assumes a given value V using
the statistic:

Z1 =

q−P
i
bpii

q
− Vr

1
q2

P
i
bpii(1−bpii)

ni

∼ N(0, 1) (2)

To assess whether consumption mobility differs statistically over time
or between population groups we will find it useful to construct a test of
differential mobility between groups or time periods, based on the statistic:

Z2 =
S( bPd)− S( bPk)q

s.e.(S( bPd))2 + s.e.(S( bPk))2 ∼ N(0, 1) (3)

where d and k are appropriately defined to allow comparisons over time
or between population groups. Under the null hypothesis of no differential
mobility, the statistic (3) is also asymptotically distributed as a standard
normal.
The Shorrocks index of mobility is based on a trace of a matrix, and there-

fore the same index can be produced by very different transition matrices.

2The upper bound is a case in which all households move to a different quantile so that
trace(P) = 0 and S(P) = 1.
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We therefore supplement the analysis by looking at the pattern of the en-
tire transition matrix for consumption. An important advantage of studying
transition probabilities is that they are not affected by any specific form for
the utility function. As the ordering of household consumption is invariant
to monotonic transformation of the utility function, so are quantile probabil-
ities. It is just for a matter of convenience that in the empirical section and
in the simulations we study the transition matrix of log consumption.

3 Measuring consumption mobility

From the previous section it is clear that mobility can only be computed with
longitudinal data on consumption. For this purpose we use the 1987-1995
panel of the Italian Survey of Household Income and Wealth (SHIW). This
data set contains measures of consumption, income, and demographic char-
acteristics of households. The SHIW provides a measure of total non-durable
consumption, not just food, thus overcoming one of the main limitations of
other panels, such as the PSID, that have been used to test for intertemporal
consumption choice.
The SHIW is conducted by the Bank of Italy which surveys a representa-

tive sample of the Italian resident population. Sampling is in two stages, first
municipalities and then households. Municipalities are divided into 51 strata
defined by 17 regions and 3 classes of population size (more than 40,000,
20,000 to 40,000, less than 20,000). Households are randomly selected from
registry office records. From 1987 through 1995 the survey was conducted
every other year and covered about 8,000 households, defined as groups of
individuals related by blood, marriage or adoption and sharing the same
dwelling. Starting in 1989, each SHIW has re-interviewed some households
from the previous surveys. The panel component has increased over time:
15 percent of the sample was re-interviewed in 1989, 27 percent in 1991, 43
percent in 1993, and 45 percent in 1995.3 The net response rate (ratio of
responses to contacted households net of ineligible units) was 64 percent in
1987, 38 percent in 1989, 33 percent in 1991, 58 percent in 1993, and 57
percent in 1995. Ample details on sampling, response rates, processing of re-
sults and comparison of survey data with macroeconomic data are provided

3In the panel component, the sampling procedure is also determined in two stages: (i)
selection of municipalities (among those sampled in the previous survey); (ii) selection of
households reinterviewed. This implies that there is a fixed component in the panel (for
instance, households interviewed 5 times between 1987 to 1995, or 4 times from 1991 to
1995) and a new component every survey (for instance, households reinterviewed only in
1989).
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by Brandolini and Cannari (1994).4

To minimize measurement error we exclude cases in which the head
changes over the sample period or gives inconsistent age figures. The to-
tal number of transitions is 10,508. After the exclusions, the sample has
9,214 transitions. Table 1 reports sample statistics of log consumption and
other household characteristics. All statistics are computed using sample
weights. The panel is relatively stable over the sample period. Consump-
tion grows considerably between 1987 and 1989 and is stable afterwards.
Over time, family size declines while the number of income recipients in-
creases. Other demographic characteristics remain roughly unchanged. Self-
employment slightly falls over time. Income strongly declines in 1993, a
recession year, and consequently dispersion increases. In all years, household
disposable income is more variable than consumption: the variance of log
income is between 0.10 and 0.20 higher than the variance of log consump-
tion. Note the stability of the variance of log consumption as opposed to the
wide fluctuations in the variance of log income. The pattern of the Gini co-
efficients for consumption and income confirms that the income distribution
is less equal than the consumption distribution (34 percent vs. 28 percent).
Interestingly, the 1993 recession boosts income inequality while leaving con-
sumption inequality unaffected. These descriptive statistics are consistent
with models in which households are able to smooth away at least some of
the income shocks.
There are two methods for constructing a transition matrix. One is to

keep the width of the interval in which consumption is discretized constant
and let the number of observations within each interval vary. The alternative
is to keep constant the marginal probabilities and let the interval width
change, for instance dividing the distribution into discrete quantiles. The
second method is more standard. We proceed using quartiles throughout;
results with deciles are qualitatively similar and are not reported. In what
follows, we focus on the distribution of the logarithm of non-durable per
capita consumption, but results for consumption levels or for any monotonic
transformation of consumption are clearly the same.
Table 2 reports the transition matrix of (log) per capita consumption from

1987-89 to 1993-95. Recall that the SHIW is conducted every two years, so
we observe transitions from period t−2 to period t. The elements of the main
diagonal report the proportion of households that did not change quartile.
For instance, the entry in the top left cell of the 1993-95 panel indicates that

4In the panel section, the net response rate was 25 percent in 1989, 54 percent in 1991,
71 percent in 1993, and 78 percent in 1995 (Brandolini, 1999). Response rates increase in
1991 because in that year households included in the panel were chosen among those that
had previously expressed their willingness to being re-interviewed.
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68 percent of the households in the first quartile in 1993 were still in that
quartile two years later. Off-diagonal elements signal consumption mobility.
For instance, the second entry in the first row indicates that 25 percent of
households moved from the first quartile in 1993 to the second quartile in
1995. The transition matrices for other years are similar, displaying substan-
tial amount of consumption mobility. Note also that all transition matrices
are symmetric. The symmetry of a transition matrix can be tested using the
maximum likelihood test suggested by Bishop, Fienberg and Holland (1988).

The statistic is of the form Ψ =
P
i>j

(pij−pji)2

pij+pij
∼ χ2

q(q−1)/2. The p-value of

the test is close to 1 for all years, and does not reject the null hypothesis of
symmetry.
The mobility index S( bP) corresponding to each of the transition matrices

in Table 2 is reported in Table 3 together with the associated standard error
and the number of transitions. On average, about half of the population
moves up or down in the distribution every two years. Consumption mobility
ranges from 44 percent in 1993-95 to 50 percent in 1991-93, and is precisely
estimated in each year. The swings in mobility that we observe after 1991 are
likely to be associated to the deep 1991-93 recession and to the subsequent
expansionary period of 1993-95.
An objection to computing mobility using the distribution of per capita

consumption is that household expenditures are affected by demographic
variables that change over time. One of the most important demographic
variables that can affect preferences is certainly household composition. For
instance, the arrival of children alters family needs, hence consumption allo-
cations. If household expenditures are characterized by economies of scale,
one would observe consumption mobility in consumption per capita even if
the distribution of consumption per adult equivalent is constant over time.
We thus compute mobility defining transitions in terms of consumption per
adult equivalent.5 The resulting index shows that using consumption per
adult equivalent does not affect the pattern of either the transition matrix or
the mobility index. As a further check, we restrict attention to households
whose demographic structure did not change over the sample period and find,
again, similar consumption transitions.6 In the remaining of the paper we
thus focus exclusively on per-capita consumption.
As it stands, the mobility index in Table 3 is just a summary measure

of the transition matrix. What is most interesting is to derive from theory

5The definition of adult equivalent assigns a weight of 1 to the first adult, 0.8 to any
additional adult and 0.25 to each household member less than 18 years old. Thus adult
equivalent are defined as: 1+ 0.8(Number of adults−1) + 0.25(Number of children).

6For instance, excluding households with changes in family composition results in a
mobility index of 0.432 in 1993-95.
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meaningful null hypotheses against which data can be confronted. For this
purpose we will therefore calculate the theoretically based mobility index
under different scenarios (full consumption insurance, rule-of-thumb behavior
and the PIH) and test the validity of each of them.

4 Intertemporal choice and mobility

To explore the relation between the consumption and the income distribu-
tions, it is useful to start by presenting a fairly general characterization of
the income process. Consider the following decomposition of (log) income
for household h in period t:

ln yh,t = βXh,t + ph,t + eh,t (4)

where Xh,t is a set of deterministic variables such as age and region of resi-
dence, ph,t and eh,t permanent and transitory components, respectively. The
latter is the sum of an idiosyncratic (εh,t) and an aggregate component (εt);
both are assumed to be serially uncorrelated. Since the permanent compo-
nent of income changes very slowly, the standard assumption is to model it
as a random walk process of the form:

ph,t = ph,t−1 + zh,t (5)

where zh,t is the permanent innovation, which is again the sum of an id-
iosyncratic (ζh,t) and an aggregate shock (ζ t); both components are serially
uncorrelated.
The original decomposition of income shocks into transitory and perma-

nent components dates back to Friedman (1957) and starting with Hall and
Mishkin (1982) it has become quite standard in panel data studies of income
and consumption dynamics. Some of the income shocks are transitory (mean
reverting) and their effect does not last long. Examples include fluctuations
in overtime labor supply, bonuses, lottery prizes, and bequests. On the other
hand, some of the innovations to earnings are highly persistent (non-mean
reverting) and their effect cumulates over time. Examples of permanent in-
novations are generally associated with job mobility, promotions and lay-off.
Thus income growth can be written as:

∆ ln yh,t = β∆Xh,t + zh,t +∆eh,t

As we shall see below, the specified income process delivers different im-
plications for consumption mobility in models of intertemporal choice. We
also consider how these implications change in the presence of measurement
error in consumption.
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4.1 The Permanent Income Hypothesis

Under a series of well known hypothesis concerning preferences and technol-
ogy (infinitely lived households maximizing expected additive and separable
utility, perfect credit markets, quadratic utility, and r = δ), one obtains the
classical prediction that consumption is a martingale, i.e. that the change in
consumption is an innovation, and therefore orthogonal to all past informa-
tion available to household h:

∆ch,t = ψh,t

as in Hall (1978). In general, the consumption innovation depends on the
sources of uncertainty of the model. If income is the only source of uncer-
tainty, one can derive a closed form solution for the innovation term ψ:

ψh,t =
r

1 + r

∞X
τ=0

(Et − Et−1) yh,t+τ
(1 + r)τ

Even though the theory delivers a relation between changes in consump-
tion and changes in income, in the empirical analysis we consider a log-linear
approximation to the optimal rule

∆ ln ch,t = ψ
0
h,t

where:

ψ0h,t =
r

1 + r

∞X
τ=0

(Et −Et−1) ln yh,t+τ
(1 + r)τ

The approximation is warranted because the process for log-income fits
much better the data than a process for income levels, and because only
log-linearity allows us to nest the three models in a unified framework. Since
the mobility index depends only on the relative position of each household
over time and not on whether consumption is measured in levels or logs, the
approximation should not affect the implied mobility index under the PIH. If
income follows the process (4)-(5), and if the transitory and the permanent
shocks are mutually uncorrelated at all leads and lags, the optimal rule is
to respond one-to-one to permanent shocks. In case of transitory shocks the
optimal rule is instead to revise consumption only by the annuity value of
the income innovation. In fact, substituting the income process (4)-(5) in
ψ0h,t:

∆ ln ch,t = m
PIH
t +

r

1 + r
εh,t + ζh,t (6)
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where mPIH
t = r

1+r
εt + ζt is the effect of the aggregate permanent and tran-

sitory shocks on consumption.
Suppose now that we observe a given cross-sectional distribution of con-

sumption at time t − 1 and that the income shocks are not perfectly cor-
related with the consumption rank of each household in the cross-section.
Since aggregate shocks are by definition identical for all households, they
do not change each consumer’s rank in the consumption distribution and
therefore they will not induce any consumption mobility: if they were the
sole source of consumption fluctuations the mobility index would be zero.
However, other shocks are idiosyncratic, and will move people up and down
in the consumption distribution, to an extent that depends on the variance
of the two shocks. But since the impact of transitory shocks is scaled down
by the factor r

1+r
, we expect the variance of the permanent shocks to have

the greatest impact on mobility. The purpose of the simulations in the next
section will be precisely to assess the amount of mobility that one should
expect in the permanent income model for given parameters of the income
process.
The model in this section has been derived assuming quadratic utility. Re-

cent literature has stressed the importance of precautionary saving, i.e. that
households respond to income risk (Kimball, 1990). These models do not de-
liver a closed-form solution. Recent simulation results produced by Carroll
(2000) show that with constant relative risk aversion and an income process
similar to the one we use, the implication of the permanent income model
that transitory income shocks have a negligible impact on consumption still
holds true. Permanent shocks, however, have a somewhat lower impact. In
fact, with a precautionary saving motive, a permanent income shock reduces
the ratio of wealth to permanent income, thus increasing also precaution-
ary saving. Under a wide range of parameter values, Carroll shows that the
marginal propensity to consume of a permanent income shock is about 0.9,
not too different from that of the quadratic utility model. Therefore, em-
pirically it is difficult to distinguish the certainty equivalence version of the
model from a model with precautionary saving on the basis of the marginal
propensity to consume out of permanent income shocks. But the main intu-
ition is the same: transitory income shocks should have a negligible impact
on consumption.

4.2 The rule-of-thumb model

Let’s assume that consumption equals income in each period, i.e.:

ln ch,t = ln yh,t
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This model has been often proposed as a simple, yet extreme alternative to
the PIH. A way to rationalize the model is by appealing to the presence of
binding liquidity constraints in each period. Alternatively, it can be inter-
preted as a particular case of the keynesian consumption function, i.e. as an
upper bound for the sensitivity of consumption to income shocks. We prefer
to term this model the rule-of-thumb model because liquidity constrained
consumers cannot borrow but can save, and may react differently to positive
and negative expected income growth.
Using the income process above the dynamic of consumption is given by:

∆ ln ch,t = m
K
t + εh,t − εh,t−1 + ζh,t (7)

where mK
t = ∆εt+ ζt is the effect of the aggregate shocks on consumption in

the rule-of-thumb model. According to the rule-of-thumb model the growth
rate of consumption is therefore equally affected by current and lagged tran-
sitory shocks and by permanent shocks. The main difference with the PIH is
that in the rule-of-thumb model transitory shocks impact one-to-one on con-
sumption. It is precisely for this reason that in the rule-of-thumb model one
should expect more consumption mobility than under the permanent income
rule.

4.3 Consumption insurance

To illustrate the implications of the theory of intertemporal choice with com-
plete insurance markets, let us proceed on the assumption that households
have preferences of the CRRA type, u(c) = (1− γ)−1c1−γ, where γ−1 is the
intertemporal rate of substitution. The implications of the model are identi-
cal for any power utility function. As shown by Deaton (1997), the optimal
transition law for consumption with complete markets can be obtained by
assuming that there is a social planner who maximizes a weighted sum of in-
dividual households’ utilities. The Lagrangian of this problem can be written
as:

L =
X
h

λh
X
s

X
t

πs,tu(ch,s,t) +
X
s

X
t

µs,t

Ã
Cs,t −

X
h

ch,s,t

!

where h, s and t are subscripts for household h in the state of nature s in
period t, λh is the social weight for household h, µs,t is the Lagrange multiplier
associated with the resource constraint, πs,t the probability of the realization
of state s in period t, and Cs,t aggregate consumption in state s and period
t.
The first order condition can be written in logarithms as:
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−γ ln ch,s,t = lnµs,t − lnλh − lnπs,t
To obtain the growth rate of consumption, subtract side-by-side from the
same expression at time t− 1:

∆ ln ch,t = −γ−1∆ lnµt + γ
−1∆ ln πt ≡ mCI

t (8)

where we drop the subscript s because only one state is realized in each
period. The two terms on the right-hand-side of equation (8) represent gen-
uine aggregate effects. The first term is the growth rate of the Lagrange
multiplier, the second is the growth rate of the state probabilities. Note
that first-differencing has eliminated all household fixed effects (µ and π in
equation 8 are not indexed by h).
Equation (8) states that the growth rate of consumption of each house-

hold is the same. This implies that the initial cross-sectional distribution of
consumption is a sufficient statistic to describe all future distributions. Since
all households experience the same consumption growth rate, their rank in
the consumption distribution is stationary. Note that the stationarity of
the cross-sectional distribution is directly implied by the assumption that
insurance markets fully insulate households from idiosyncratic shocks. The
statistical counterpart of consumption insurance is that the transition matrix
for household consumption is an identity matrix.
This approach to test for consumption insurance can be contrasted with

the standard procedure of regression analysis. Cochrane (1991) and Townsend
(1994) rely on univariate regressions of consumption growth on aggregate
variables and idiosyncratic shocks (such as change in household resources,
unemployment hours, days of illness, etc.). The implication of the theory is
that none of these shocks should impact household consumption growth, as
in equation (8). Focussing instead on the prediction that consumption in-
surance implies absence of consumption mobility has the advantages that we
need not identify any of these shocks, and that we need not assume that they
are uncorrelated with unobservable or omitted preference shocks, including
household fixed effects.
To summarize, consumption mobility is zero in the consumption insurance

model, intermediate according to the permanent income model, and highest
according to the rule-of-thumb model. This proposition is formally proved
in the Appendix.
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4.4 Measurement error

The consumption transition law is derived assuming that there is no mea-
surement error in consumption. In practice the index could potentially be
upward biased by reporting errors. If respondents report their consump-
tion with errors, one will find units moving up and down even if their true
rank in the consumption distribution is unchanged; hence, in the presence
of measurement error affect consumption dynamics and the mobility index
in Section 2 will tend to report higher mobility. Here we derive the con-
sumption dynamics of the three models considered above in the presence of
measurement error in consumption.
Suppose that true consumption is measured with a multiplicative error:

ln c∗h,t = ln ch,t + vh,t (9)

ln c∗h,t−1 = ln ch,t−1 + vh,t−1 (10)

where ln c∗ is measured consumption and v is an independently and identi-
cally normally distributed measurement error. The consumption dynamics
in the three models changes in the following way:

∆ ln c∗h,t = mPIH
t +

r

1 + r
εh,t + ζh,t + vh,t − vh,t−1 (11)

∆ ln c∗h,t = mK
t + εh,t − εh,t−1 + ζh,t + vh,t − vh,t−1 (12)

∆ ln c∗h,t = mCI
t + vh,t − vh,t−1 (13)

The three equations show that measurement error induces a further rea-
son for consumption to vary. Clearly, not only consumption dynamics changes,
but the implied consumption mobility as well.7 The correct approach then
becomes that of calibrating mobility indexes in the three models allowing for
realistic impact of measurement error. Define α as the fraction of the cross-
sectional standard deviation of measured log consumption that is contami-
nated by measurement error. This fraction ranges from 0 in the absence of
measurement error to 1 when the variability of measured consumption is en-
tirely explained by measurement error. To get a feeling for how measurement
error affects consumption mobility in the three models, in the simulations we
experiment with a wide range of realistic values for α.

7The clearest case in which this happens is in the model with consumption insurance:
in the absence of measurement error there is absolutely no mobility in the consumption
distribution.
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5 Calibration

We now calibrate and simulate the mobility indexes for the three models
at issue. One complication with the panel we use is that while income and
consumption refer to calendar years, data are collected every other year from
1987 to 1995. The simulated transition laws for consumption must therefore
be slightly modified to tackle this problem. In particular, in the case in which
there is reporting error we obtain:

ln c∗h,t = ln c∗h,t−2 +
r

1 + r
(εh,t + εh,t−1)

+
³
ζh,t + ζh,t−1

´
+ (vh,t − vh,t−2) (14)

ln c∗h,t = ln c∗h,t−2 + (εh,t − εh,t−2) +
³
ζh,t + ζh,t−1

´
+ (vh,t − vh,t−2) (15)

ln c∗h,t = ln c∗h,t−2 + (vh,t − vh,t−2) (16)

Since aggregate shocks do not affect consumption mobility, for notational
simplicity the above equations omit the aggregate component mj

t . However,
in the estimation of the income process we control for aggregate shocks by
introducing time dummies in the regression.
The distinction between the three models is useful but perhaps too styl-

ized for empirical applications. Consumption insurance is no less unrealistic
than assuming that all income is consumed in each period, or that all house-
holds follow exactly the PIH. In the simulations we therefore nest the three
models as:

ln c∗h,t = ln c∗h,t−2 +
λ+ r

1 + r
εh,t +

(1− λ) r
1 + r

εh,t−1 − λεh,t−2

+ζh,t + ζh,t−1 + vh,t − vh,t−2 (17)

The parameter λ provides enough flexibility as to allow departures from
the stylized models of intertemporal choice. Under consumption insurance
income shocks play no role, and the consumption dynamics is driven only by
measurement error (see equation 16). Note also that if λ = 0 the expression
reduces to the PIH (equation 14). If instead λ = 1 one obtains the extreme
rule-of-thumb case in which consumption equals income each period (equa-
tion 15). But if 0 < λ < 1, we obtain intermediate cases between the PIH
and the rule-of-thumb models. The reason is that λ represents the extent to
which consumption responds to current income over and above the amount
that is warranted by the PIH, i.e. the degree of excess sensitivity of consump-
tion to current and past income shocks. One way to interpret this parameter
is that each household sets consumption equal to income with probability λ
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(perhaps because of binding liquidity constraints) and follows the PIH with
probability (1−λ). According to this interpretation, λ measures the fraction
of rule-of-thumb consumers in our simulations.
The required parameters for the calibration exercise are the variances of

the permanent and transitory income shocks, the amount of measurement
error in consumption, the degree of excess sensitivity and the real interest
rate. As for the interest rate, we assume a value of 2 percent throughout. As
far as excess sensitivity is concerned, we experiment with values of λ spanning
from 0 to 1. The simulation also requires assumptions about the value of
α, the fraction of the cross-sectional standard deviation of measured log
consumption that is contaminated by measurement error. In the absence of
validation studies, we experiment with a wide range of values for α, from the
highly implausible case of no measurement error (α = 0) to an upper bound
of α = 0.20, i.e. assuming that 20 percent of the variability in consumption
is pure noise.
As explained above, we specify the income process as ln yh,t = dt+βXh,t+

ph,t + εh,t, where yh,t is per-capita family disposable income and dt a set
of time dummies. Using the 1987-95 panel, we regress ln yh,t on a set of
demographic variables (North, South, a dummy for gender, a fourth-order
age polynomial, and education dummies) and time dummies, so to remove
the deterministic component of income. We save the residuals uh,t = ph,t+εh,t
and carefully examine their covariance properties. We estimate covariances
using equally weighted minimum distance methods, as suggested by Altonji
and Segal (1997).8

We find that the estimated covariances are consistent with the income
process in equations (4) and (5), i.e. that there is a random-walk permanent
component and a serially uncorrelated transitory shock. Recall that because
of the sample design of the SHIW we can only construct the covariance matrix
for two years apart income residuals, uh,t−uh,t−2 = ζh,t+ζh,t−1+εh,t−εh,t−2.
To check the consistency of the estimated income process with the model
in equations (4) and (5), note that the income process implies the following
testable restrictions on the covariance matrix of the first difference of the
income residuals:

E
h
(uh,τ − uh,τ−2)

2
i
= 2σ2

ζ + 2σ
2
ε

E [(uh,τ − uh,τ−2) (uh,τ−2 − uh,τ−4)] = −σ2
ε

8Covariances can be estimated by equally weighted minimum distance or optimal min-
imum distance. As shown by Altonji and Segal (1997), the latter can produce inconsistent
estimates in small samples, so we adopt the former.
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E [(uh,τ − uh,τ−2) (uh,τ−j − uh,τ−j−2)] = 0 for all j ≥ 4

Provided that the restrictions are met in the data, one can estimate the
variance of the transitory shock σ2

ε from the first order autocovariance of
income residuals and the variance of the permanent shock σ2

ζ combining in-
formation on the variance and the first-order autocovariance of the residuals.
We find that the estimated autocovariance at the second order is very small
(-0.0056) and not statistically different from zero (a t-statistic of -1.1); the
autocovariance at the third order is again small (-0.0178) and not statistically
different from zero (a t-statistic of -1.1). In contrast, the first order autoco-
variance (which is an estimate of −σ2

ε) is precisely estimated (a t-statistics
of 6.4) at -0.0794. The estimate of the overall variance (2σ2

ζ + 2σ
2
ε) is 0.2122

(with a t-statistics of 19.4), so we infer that σ2
ζ = 0.0267 and σ

2
ε = 0.0794.

9

These parameter estimates are broadly consistent with the evidence available
for the US, where researchers have found variances of similar magnitude.10

Next, we simulate consumption mobility. In each year we choose a sample
size identical to the number of actual sample transitions (for instance, it is
2,982 in 1991-93 and 3,211 in 1993-95). We then generate normal distribu-
tions for the transitory and the permanent shocks. The shocks are assumed
to be normally distributed with mean zero and variances σ2

ε = 0.0794 and
σ2
ζ = 0.0267, respectively. Measurement errors at times t and t−2 are drawn
from a normal distribution with mean zero and standard deviation α times
the standard deviation of measured log consumption at t and t − 2.11 True
consumption ln ch,t−2 is drawn from a normal distribution with mean equal to
the mean of measured consumption and standard deviation equal to (1− α)
times the standard deviation of measured consumption at t − 2. Finally,
we generate ln c∗h,t for each household using equation (17) assuming different
values for α and λ and calculate the associated mobility index. This exercise
is replicated 100 times for each sample period.

6 Simulating consumption mobility

The simulated mobility index is reported in Table 4 for different values of
the α and λ parameters. The qualitative pattern of results is similar in all

9Unfortunately, with data collected every two years we cannot distinguish between this
income process and one where the transitory component is an MA(1) process.

10For instance, Carroll and Samwick (1997) using the PSID, estimate σ2
ζ = 0.0217 and

σ2
ε = 0.0440.
11By construction, the normality of the income shocks and of measurement error gen-

erates a symmetric transition matrix for consumption. This feature of the simulations is
consistent with the symmetry of the empirical matrix documented in Table 2.
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periods, suggesting that the simulated index is only marginally affected by
the initial distribution of consumption (the income process and the associated
variances of the shocks are in fact assumed to be the same across the different
samples). For brevity, we report the results only for the most recent period
(1993-95), that also features the largest number of transitions. The stars in
the table denote that the simulated mobility index is statistically different
from the actual index (0.4429 in 1993-95, see Table 3) at the 1 percent level.
To understand the simulation results it is useful to start with α = 0 (no

measurement error). Consider first the three benchmark cases of the PIH
(λ = 0), rule-of-thumb (λ = 1) and consumption insurance (no effect of
transitory or permanent shocks). Income shocks have the largest impact on
the consumption distribution in the rule-of-thumb model (mobility is 55 per-
cent), intermediate in the case of the permanent income model (40 percent)
and no impact under consumption insurance. The ranking of the models in
the terms of predicted mobility agrees with intuition because idiosyncratic
income shocks translate into consumption changes entirely in the rule-of-
thumb model, partially in the PIH via intertemporal smoothing, and are
fully insured in the risk sharing model. It is encouraging to note that even
in the benchmark models the index simulated under the PIH is closer to the
empirical index that any of the two other models. However, from a statisti-
cal point of view, it is clear that none of the models is fully able to replicate
the actual degree of mobility we observe in the data. Each model rejects
the hypothesis that the simulated index equals the empirical index at the 1
percent significance level.
One way to explain the difference between simulated and empirical mobil-

ity is to introduce measurement error in consumption (α > 0). Measurement
error always increases simulated mobility, regardless of the model consid-
ered. In the PIH and rule-of-thumb models mobility increases from 40 to 48
percent, and from 55 to 60 percent, respectively. With consumption insur-
ance, the highest value of α is able to generate at most 28 percent mobility.
These results indicate that under consumption insurance even very large and
implausible values of measurement error cannot reproduce actual mobility.
The rule-of-thumb model already overestimates mobility when α = 0, so
that introducing measurement error will only shift the simulated index fur-
ther away from the empirical one.12 Once we allow for measurement error,
the permanent income model can instead replicate quite well the amount of
mobility we have in the data. The t-statistic associated with the test that the

12Consumption insurance can be made consistent with the data only assuming highly
unlikely values of α = 0.35. The rule-of-thumb model is always rejected, regardless of the
size of measurement error.
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actual mobility index is different from that simulated under the permanent
income model does not reject the null hypothesis for values of α = 0.10 and
α = 0.15.13

An alternative way to reconcile the data with the simulation results is to
depart from the PIH by allowing a higher response to income shocks than
predicted by the PIH. Raising the excess sensitivity parameter λ increases
consumption mobility, regardless of the size of the measurement error. For
instance, setting α = 0.05, the simulated index of mobility is not statistically
different from actual mobility for values of λ between 0.2 and 0.3. Glancing
through Table 4, one can see that there is a region of parameter values α
and λ for which the null hypothesis of equality between the simulated and
actual index is not rejected (in italics). Furthermore, the simulated index
is only marginally affected when we set the marginal propensity to consume
out of permanent shocks at 0.9, as predicted by versions of the PIH with
precautionary saving.
Since on statistical grounds we cannot exclude any value in this region,

we face an apparently difficult identification problem. Unfortunately, we
cannot rely on independent evidence to gather realistic values for the frac-
tion of rule-of-thumb consumers and for the amount of measurement error in
consumption. As for the latter, we already noted the absence of validation
studies. The excess sensitivity parameter has sometimes been inferred from
the income growth coefficient in Euler equations estimates. In previous work
we perform such test in the same panel dataset we use in this study. We find
an excess sensitivity coefficient of 0.32 with a t-statistic of 5 (Jappelli and
Pistaferri, 2000). However, the result depends heavily on the choice of the
instrument set, and vanishes if one controls for the structure of the forecast
error of the Euler equation. In short, there is no way to benchmark the val-
ues of α and λ tightly with outside evidence. In our view a reasonable and
balanced interpretation of the data is that they are generated by a model
with intermediate values (within the “acceptance” region of Table 4) of mea-
surement error (α = 0.10) and excess sensitivity of consumption to income
shocks (λ = 0.20).
The model simulated with α = 0.10 and λ = 0.20 predicts almost per-

13Results for other years are similar with the exception of 1991-93. In that period actual
mobility increases to 50 percent, a fact that is not captured by our simulations. One
possible explanation is that the variance of the permanent shock, which is assumed to be
time stationary, changed in 1993 due to the unprecedented strong recession. However, we
cannot rule out that in 1993 the amount of measurement error is greater than in the other
two years. Another possibility is that the 1993 recession impacted unevenly on households,
a particular form of non-stationarity that we neglect in our simulation exercise.
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fectly the actual transition matrix, not just the aggregate mobility index. In
Table 5 we report the simulated transition probabilities and (in parenthesis)
the actual transition probabilities, the same reported for 1993-95 in Table
2. The comparison between the two sets of numbers is striking: regardless
of cell, the difference between the actual and simulated values is at most 2
percent. A battery of formal tests of the hypothesis that the simulated tran-
sition probability is equal to the actual probability is not rejected for any of
the 16 values in Table 5. Other parameter values in the “acceptance” region
of Table 4 yield qualitatively similar results.

6.1 Group heterogeneity

As a further test of the ability of the simulations in explaining consumption
transitions, we check if the differences in mobility across specific population
groups can be replicated by the simulations. The PIH suggests that if differ-
ent population groups are systematically exposed to different idiosyncratic
shocks (and therefore face different income processes), consumption mobility
should differ across groups in a predictable way. We choose to focus on two
education groups (compulsory schooling or less and high school or college de-
gree), and two generations (born before and after 1940). Education and year
of birth are exogenous characteristics by which one can partition the sample,
and there is wide evidence that different education groups and generations
face different earnings opportunities and uncertainties. As we shall see be-
low, also in our sample the income generating process differs by education
and year of birth, thus providing an ideal setting to test the validity of mod-
els of intertemporal choice. One further reason to focus on education and
year of birth is that they are likely to be correlated with variables affecting
preferences and therefore with different consumption behavior.
The upper part of Table 6 compares the income process and consumption

mobility by education. We run the income regressions separately for house-
holds headed by individuals with high and low education. We then estimate
the autocovariance matrix as explained in Section 5, and find σ2

ζ = 0.0296
and σ2

ε = 0.0754 for the less well educated, and σ
2
ζ = 0.0198 and σ

2
ε = 0.0895

for those with at least a high school degree. Overall, the estimated variances
signal that the less well educated face a higher variance of permanent income
shocks, a pattern also uncovered by Carroll and Samwick (1997) with US
data.
Computing the transition matrix for consumption shows that the less well

educated are more mobile than the high educated, the difference between the
two groups being 3.8 percentage points. We apply the statistic on difference
of means outlined in Section 2, and reject the hypothesis that the two in-
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dexes are equal at the 1 percent level. The simulated index of mobility with
α = 0.10 and λ = 0.20 is almost identical to actual mobility in each group,
implying that the model replicates quite well also the difference in actual and
simulated mobility between the two groups.
In contrast, the rule-of-thumb model (or models with high values of ex-

cess sensitivity) does not predict any difference between education groups.
The lower variance of the transitory shock for the less well educated is com-
pensated by a higher variance of the permanent shock, resulting in the same
mobility rates in the two groups. Similarly, the model with consumption
insurance, is by assumption unable to explain differences in consumption
dynamics emerging from idiosyncratic shocks (whether transitory or perma-
nent).
The lower part of Table 6 refers to those born before and after 1940. Also

in this case, we find wide differences in the parameters of the income process.
The old generation exhibits a higher variance of the permanent shock and a
lower variance of the transitory shock (σ2

ζ = 0.0305 and σ
2
ε = 0.0507) than the

young generation (σ2
ζ = 0.0217 and σ2

ε = 0.1125). This is consistent with
the largely held view that the young generation experiences higher labor
market uncertainties than the old generation, as a reflection of transitory
shocks. On the other hand, permanent shocks impact more people towards
the end of their career (because of permanent layoffs, quits, or health-related
problems). The difference in consumption mobility between the two groups is
4.5 percentage points, again statistically different from zero at the 1 percent
level. The simulated mobility index is not statically different from the actual
index for the two groups, and reproduces the pattern of observed mobility
quite well (3.0 percentage points against the actual value of 4.5).
In contrast to the simulated mobility rates by year of birth, the rule-of-

thumb model (or models with high values of λ) predicts lower mobility for the
old (0.55 against 0.59), a pattern opposite to what we find in the data (0.46
against 0.42). The reason is in the rule-of-thumb model transitory shocks
have the largest impact on consumption, and σ2

ε is twice as high for the young.
The model with consumption insurance, once again, predicts no difference
between the two groups. Overall, we take the results of these experiments
as strong evidence that the permanent income model with realistic values of
measurement error and a moderate amount of excess sensitivity can replicate
remarkably well the pattern of actual mobility not only in the aggregate,
but also by selected population groups that differ in the income generating
process.

21



6.2 Measurement error in income

It is important to consider the robustness of our conclusions in the presence
of measurement error in income. This error inflates the variance of the tran-
sitory shock but does not affect the variance of the permanent shock. To see
this point, assume that true income is measured with a multiplicative error:
ln y∗h,t = ln yh,t+ωh,t, where ωh,t is an independently and identically normally
distributed measurement error with mean zero and variance σ2

ω. Using the
income process (4)-(5): ln y∗h,t = βXh,t+ ph,t+ εh,t+ωh,t, the two years apart
income residual is now: uh,t−uh,t−2 = ζh,t+ζh,t−1+εh,t−εh,t−2+ωh,t−ωh,t−2.
The covariance matrix of the first difference of the income residuals depends
now on the variance of the measurement error:

E
h
(uh,τ − uh,τ−2)

2
i
= 2σ2

ζ + 2σ
2
ε + 2σ

2
ω

E [(uh,τ − uh,τ−2) (uh,τ−2 − uh,τ−4)] = −σ2
ε − σ2

ω

E [(uh,τ − uh,τ−2) (uh,τ−j − uh,τ−j−2)] = 0 for all j ≥ 4
However, it can be checked that measurement error inflates the estimated

variance of the transitory shock by σ2
ω, but not the variance of the permanent

shock σ2
ζ, which is still identified by the difference between the variance and

(minus twice) the first-order autocovariance. The conclusion is that even
though the estimate of the variance of the permanent shock is unaffected by
serially uncorrelated measurement error, the estimate of the variance of the
transitory shock is not.
This implies that in the model with full consumption insurance, idiosyn-

cratic income shocks play no role regardless of measurement error in income.
In the permanent income model, the impact of measurement error in income
is bound to be small, because transitory shocks play a very limited role. In
contrast, measurement error may have a large impact in the rule-of-thumb
model. Since we cannot identify σ2

ω from the data, we repeat our simulation:
(a) dropping the self-employed from the sample on which we estimate the
income process,14 and (b) downsizing the variance of the transitory shock,
i.e. assuming that one third or one half of the estimated first-order autoco-
variance reflects measurement error.
The results of these experiments are very similar to the simulations re-

ported in Tables 4, 5 and 6 and are not reported for brevity. Excluding the self
employed, in all years the rule-of-thumb model and the model with consump-
tion insurance yield mobility indexes similar to the simulations presented in

14Brandolini and Cannari (1994) note that in the SHIW income from self-employment
is less well estimated than wages or salaries.
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Table 4, and the hypothesis that they are equal to the actual mobility index
is soundly rejected. On the other hand, simulated mobility with λ = 0.2 and
α = 0.10 is quite close to actual mobility and we cannot reject the hypothesis
that it is equal to the actual mobility index. Similarly, assuming that mea-
surement error in income is one third or half of the first-order autocovariance
has negligible effects on simulated mobility.

7 Conclusions

The implications of the theories of intertemporal consumption choice for con-
sumption mobility are as yet unexplored. In this paper we study transition
probabilities for total non-durable consumption using the 1987-95 panel con-
tained in the Bank of Italy Survey of Household Income and Wealth. We then
summarize the transition matrix of consumption by appropriate mobility in-
dexes and find that there is substantial consumption mobility: in any year,
about 50 percent of the households moves up or down in the consumption
distribution.
In the remainder of the paper we attempt to understand which model

of intertemporal consumption choice is capable of explaining the amount of
consumption mobility we observe in the data. We consider three popular
alternative models of intertemporal consumption choice: the model with full
consumption insurance, the rule-of-thumb model, and the PIH. These models
provide the clearest implications for consumption mobility.
The model with complete insurance markets, where all idiosyncratic in-

come shocks are insured, implies that in any time period the initial cross-
sectional distribution of consumption is a sufficient statistic for all future
distributions, and therefore no consumption mobility in the absence of mea-
surement error in consumption. The rule-of-thumb model is one where in-
come shocks have the greatest impact on consumption and therefore gen-
erates substantial consumption mobility. The permanent income model is
one in which households react only to permanent income shocks. Thus, the
degree of mobility predicted by the model is intermediate between the two
other models.
We carefully parametrize an income process to distinguish between tran-

sitory and permanent shocks and use the estimated parameters to simu-
late theoretically the degree of mobility stemming from each of the three
consumption models. We then compare them statistically with the actual
amount of mobility estimated in the data. Overall, the simulations provide
strong support in favor of a slightly modified version of the permanent income
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model that allows for realistic values of measurement error in consumption
and a moderate amount of excess sensitivity to income shocks. First of all,
the aggregate mobility index generated under this model is quite close to the
actual one, contrary to the other two models; second, the permanent income
hypothesis is the only model that is able to match the actual transition matrix
cell by cell; finally, and most importantly, the permanent income hypothe-
sis captures the different patterns of consumption mobility across education
and year of birth groups, while other models predict either no differences or
an opposite pattern. The results are robust with respect to different defini-
tions of consumption (in per capita or per adult equivalent terms) and to the
presence of measurement error in income.
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A Appendix

Recall the three distribution laws for log consumption:

ln ch,t+1 = ln ch,t + ζh,t+1 +
r

1+ r
εh,t+1

ln ch,t+1 = ln ch,t + ζh,t+1 + εh,t+1 − εh,t
ln ch,t+1 = ln ch,t

respectively in three cases of the PIH, the rule-of-thumb model, and consump-
tion insurance. Recall that ζ is the permanent shock and ε the transitory shock.
Without loss of generality, we set aggregate consumption growth to zero.

Divide the distribution in quantiles. Denote with qj−1 and qj two successive
quantiles of the distribution (qj−1 < qj), and assume that: ζh,t+1

εh,t+1

εh,t

 ∼ N

 0
0
0

 ,
 σ2

ζ 0 0

0 σ2
ε 0

0 0 σ2
ε




Proposition: Consumption mobility is highest in the rule-of-thumb model, inter-
mediate in the PIH and zero in the consumption insurance model.

Proof : Start from the consumption insurance model and note that:

Pr (qj−1 < ln ch,t+1 < qj |qj−1 < ln ch,t < qj , ln ch,t+1 = ln ch,t )

= Pr (qj−1 < ln ch,t < qj |qj−1 < ln ch,t < qj ) = 1

In the rule-of-thumb model:

Pr
¡
qj−1 < ln ch,t+1 < qj

¯̄
qj−1 < ln ch,t < qj , ln ch,t+1 = ln ch,t + ζh,t+1 + εh,t+1 − εh,t

¢
= Pr

¡
qj−1 < ln ch,t + ζh,t+1 + εh,t+1 − εh,t < qj |qj−1 < ln ch,t < qj

¢
= Pr

¡
qj−1 − ln ch,t < ζh,t+1 + εh,t+1 − εh,t < qj − ln ch,t |qj−1 − ln ch,t < 0 < qj − ln ch,t

¢
= Pr

³
qj−1−ln ch,t

σROT
<

ζh,t+1+εh,t+1−εh,t

σROT
<

qj−ln ch,t

σROT
|qj−1 − ln ch,t < 0 < qj − ln ch,t

´
= Φ

³
qj−ln ch,t

σROT

´
−Φ

³
qj−1−ln ch,t

σROT

´
> 0

where σROT =
q
σ2
ζ + 2σ

2
ε, and Φ (.) is the c.d.f. of the N (0, 1) distribution.

The last inequality holds because qj− ln ch,t > 0, qj−1− ln ch,t < 0, and σROT > 0.
In the PIH:
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Pr
³
qj−1 < ln ch,t+1 < qj

¯̄̄
qj−1 < ln ch,t < qj , ln ch,t+1 = ln ch,t + ζh,t+1 +

r
1+rεh,t+1

´
= Pr

³
qj−1 < ln ch,t + ζh,t+1 +

r
1+rεh,t+1 < qj |qj−1 < ln ch,t < qj

´
= Pr

³
qj−1 − ln ch,t < ζh,t+1 +

r
1+rεh,t+1 < qj − ln ch,t |qj−1 − ln ch,t < 0 < qj − ln ch,t

´
= Pr

³
qj−1−ln ch,t

σP IH
<

ζh,t+1+ r
1+r εh,t+1

σP IH
<

qj−ln ch,t

σP IH
|qj−1 − ln ch,t < 0 < qj − ln ch,t

´
= Pr

³
qj−1−ln ch,t

σP IH
<

ζh,t+1+ r
1+r εh,t+1

σP IH
<

qj−ln ch,t

σP IH
|qj−1 − ln ch,t < 0 < qj − ln ch,t

´
= Φ

³
qj−ln ch,t

σP IH

´
−Φ

³
qj−1−ln ch,t

σP IH

´
> 0

where σPIH =

r
σ2
ζ +

³
r

1+r

´2
σ2
ε. The last inequality holds because qj −

ln ch,t > 0, qj−1 − ln ch,t < 0, and σPIH > 0. Notice now that σROT > σPIH ,
so that:

qj−1 − ln ch,t
σPIH

<
qj−1 − ln ch,t

σROT
< 0 <

qj − ln ch,t
σROT

<
qj − ln ch,t
σPIH

and finally:

Φ
³
qj−ln ch,t

σP IH

´
−Φ

³
qj−1−ln ch,t

σP IH

´
> Φ

³
qj−ln ch,t

σROT

´
−Φ

³
qj−1−ln ch,t

σROT

´
The last inequality proves that the probability of remaining in the same quan-

tile of the consumption distribution is greater under the PIH than under the rule-
of-thumb model, i.e. that mobility is higher in the latter case. This completes the
proof.
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Table 1
Descriptive statistics

Cross-sectional means and variances are computed using sample weights. The variables
ct and yt denote household non-durable consumption and disposable income, respectively.
Demographic characteristics refer to the household head.

1987 1989 1991 1993 1995 All years

ln ct 9.90 10.08 10.02 10.01 10.00 10.02
var (ln ct) 0.26 0.26 0.29 0.29 0.27 0.28
Gini coefficient of ct 0.28 0.27 0.29 0.29 0.27 0.28
ln yt 10.25 10.40 10.36 10.27 10.27 10.32
var (ln yt) 0.39 0.37 0.37 0.57 0.47 0.45
Gini coefficient of yt 0.35 0.32 0.32 0.36 0.35 0.34
South 0.41 0.37 0.34 0.36 0.39 0.37
North 0.43 0.46 0.48 0.47 0.43 0.46
Family size 3.15 3.12 3.04 3.07 3.01 3.07
Self-employed 0.20 0.17 0.17 0.16 0.15 0.16
Years of schooling 7.38 7.97 8.19 8.03 8.10 8.03
Less well educated 0.78 0.72 0.70 0.72 0.70 0.72
More educated 0.22 0.28 0.30 0.28 0.30 0.28
Age 52.00 52.52 52.78 53.05 55.03 53.22
Born ≤ 1940 0.60 0.58 0.54 0.49 0.49 0.53
Born >1940 0.40 0.42 0.46 0.51 0.51 0.47
Income recipients 1.63 1.72 1.72 1.74 1.78 1.73

Number of obs. 1,097 2,717 4,036 4,006 3,211 15,067
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Table 2
The transition matrix of consumption

The table reports consumption transitions from period t− 2 to period t. The generic
element of this table is bpij , the estimated probability of moving from quartile i in period
t − 2 to quartile j in period t. Define nij as the number of households that move from
quartile i in period t− 2 to quartile j in period t and ni =

P
i nij as the total number of

observations in each row i of the transition matrix. The maximum likelihood estimator of
the first-order Markov transition probabilities is then: bpij = nij

ni
.

1987-89
1989 quartile

1987 quartile 1st 2nd 3rd 4th

1st 0.71 0.20 0.07 0.02
2nd 0.23 0.42 0.27 0.08
3rd 0.08 0.29 0.40 0.23
4th 0.03 0.09 0.29 0.60

1989-91
1991 quartile

1989 quartile 1st 2nd 3rd 4th

1st 0.66 0.25 0.07 0.01
2nd 0.25 0.41 0.27 0.06
3rd 0.10 0.27 0.41 0.25
4th 0.01 0.07 0.25 0.68

1991-93
1993 quartile

1991 quartile 1st 2nd 3rd 4th

1st 0.63 0.26 0.08 0.02
2nd 0.23 0.38 0.29 0.09
3rd 0.11 0.28 0.37 0.25
4th 0.04 0.10 0.26 0.60

1993-95
1995 quartile

1993 quartile 1st 2nd 3rd 4th

1st 0.68 0.25 0.07 0.01
2nd 0.24 0.43 0.26 0.07
3rd 0.07 0.27 0.44 0.23
4th 0.02 0.06 0.23 0.69
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Table 3
Actual mobility index

The table reports the Shorrocks mobility index and the associated standard error and

number of transitions for separate sample periods. The index is calculated as: S
³bP´ =

q−trace(bP)
q , where q = 4, trace(bP) =Pi bpii, and bpii the estimated probability of being in

quartile i in both t− 2 and t. The standard error is
r

1
q2

P
i

bpii(1−bpii)
ni

.

Sample period S
³bP´ s.e.

³
S
³bP´´ Number of transitions

1987-1989 0.4702 0.0146 1,097
1989-1991 0.4705 0.0110 1,914
1991-1993 0.5029 0.0089 2,982
1993-1995 0.4429 0.0085 3,211

Table 4
Simulated mobility index

The table reports the simulated Shorrocks indexes of mobility for different values of
measurement error in consumption and the degree of excess sensitivity to income shocks.
The last row reports the simulated mobility index of the consumption insurance model for
different values of measurement error in consumption. A star indicates that the simulated
index is statistically different from the actual mobility index at the 1 percent level. Values
in italics do not reject the hypothesis that the simulated index equals the actual index at
the 1 percent level.

Fraction of measurement error (α)
Degree of excess 0.00 0.05 0.10 0.15 0.20
sensitivity (λ)

0.0 0.4004∗ 0.4143∗ 0.4337 0.4568 0.4810∗

0.1 0.4031∗ 0.4189∗ 0.4370 0.4590 0.4849∗
0.2 0.4154∗ 0.4282 0.4467 0.4689∗ 0.4936∗

0.3 0.4305 0.4432 0.4625∗ 0.4804∗ 0.5042∗

0.4 0.4478 0.4608∗ 0.4765∗ 0.4964∗ 0.5168∗

1 0.5494∗ 0.5597∗ 0.5714∗ 0.5840∗ 0.5965∗

Consumption insurance 0.0000∗ 0.0610∗ 0.1286∗ 0.2014∗ 0.2780∗
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Table 5
Simulated and actual

transition matrix of consumption

The table reports the simulated consumption transitions between 1993 and 1995 and,
in parenthesis, the actual consumption transitions. The generic element of this table is bpij ,
the estimated probability of moving from quartile i in period t− 2 to quartile j in period
t. The simulated transitions are computed assuming that measurement error explains 10
percent of the overall variability in measured consumption and that the degree of excess
sensitivity is 20 percent.

1995 quartile
1993 quartile 1st 2nd 3rd 4th

1st 0.69
(0.68)

0.25
(0.25)

0.06
(0.07)

0.01
(0.01)

2nd 0.25
(0.24)

0.42
(0.43)

0.27
(0.26)

0.06
(0.07)

3rd 0.06
(0.07)

0.27
(0.27)

0.42
(0.44)

0.25
(0.23)

4th 0.01
(0.02)

0.06
(0.06)

0.25
(0.23)

0.69
(0.69)

Table 6
Actual and simulated mobility for different groups

The table reports the parameters of the income process, and the actual and simulated
Shorrocks index of consumption mobility for two education groups (compulsory schooling
or less, and high school or college) and two generations (those born before and after 1940,
respectively). The transition matrix refers to the 1993-95 period. The simulations assume
that measurement error in consumption is 10 percent of the overall variability in measured
consumption and that the degree of excess sensitivity is 20 percent.

Low education High education Difference

Variance of permanent shock 0.0296 0.0198 0.0098
Variance of transitory shock 0.0754 0.0895 -0.0141

Actual mobility index 0.4631 0.4249 0.0381
Simulated mobility index 0.4676 0.4260 0.0416

Born ≤ 1940 Born > 1940 Difference

Variance of permanent shock 0.0305 0.0217 0.0088
Variance of transitory shock 0.0507 0.1125 -0.0618

Actual mobility index 0.4592 0.4139 0.0453
Simulated mobility index 0.4635 0.4335 0.0300
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