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Abstract

Recent papers have shown that allowing for heterogeneity and incomplete in-
formation the Permanent Income Hypothesis can be partially reconciled with
evidence. In particular, autocorrelation of first differences, excess sensitivity
and smoothness can be obtained as features of aggregate consumption. How-
ever, due to insufficient heterogeneity, the models proposed are usually singular
and therefore not suitable for discussing and modeling cointegration. In this
paper we show that allowing for more complex and realistic heterogeneity: (1)
Autocorrelation, excess sensitivity and smoothness can still be obtained for
aggregate consumption; (2) Aggregate consumption and total income follow a
non-singular and general error correction model. Thus, contrary to the results
obtained in the representative agent case, the permanent income hypothesis,
with heterogeneous agents, is not at odds with the line of research based on
cointegration and error correction mechanisms. A simple exercise, based on
two groups of consumers leads to an estimable overidentified model. The lat-
ter is estimated using U.S. data from 1964:1 to 1991:4. Over this period total
income and consumption are cointegrated, as predicted by the theory, and the
overidentifying restrictions are not rejected.






PERMANENT INCOME, HETEROGENEITY AND
THE ERROR CORRECTION MECHANISM

Introduction

In the last fifteen years an impressive macroeconomic literature has been de-
voted both to theoretical development and empirical testing of the permanent
income hypothesis under rational expectations (PIH) as it was worked out by
Hall in 1978. Hall’s result, in its simplest version, implies that aggregate con-
sumption is a random walk whose changes are proportional to labor income
innovations. Important consequences are: (i) Consumption changes are inde-
pendent of past labor income changes; (ii) If labor income is I(1) and its measure
of persistence is greater than unity, then consumption should be more volatile
than income (Deaton (1987)); (iii) If labor income is I(1) then, as shown in
Campbell (1987), total income and consumption are cointegrated by the vector
(1 —1); however, the implied error correction mechanism has a very special
form: since consumption change is a pure innovation, all the coefficients in the
consumption equation are zero.

The implications of Hall’s theory have been tested employing both macro
and panel data by many authors. A partial list includes Flavin (1981), David-
son and Hendry (1981), Hall and Mishkin (1982), Hayashi (1985), Campbell
(1987), Engle and Granger (1987), Stock and West (1988), West (1988), Camp-
bell and Deaton (1989), Zeldes (1989), Runkle (1991), Attanasic and Weber
(1992). The PIH has generally been rejected by the data, but the micro evi-
dence is quite different from the macro one, indicating substantial aggregation
effects. Firstly, at the micro level the evidence is somewhat mixed, while the
rejection at the macro level is quite strong. Secondly, the ‘excess sensitivity’
has opposite signs: aggregate consumption change is positively correlated with
past aggregate income change, while the correlation is negative (and smaller)
in the micro data. Moreover, individual income appears to be negatively auto-
correlated, while aggregate income is positively autocorrelated (Pischke 1991,
Deaton 1992).

These findings have stimulated a literature aimed at reconciling micro and
macro evidence. In this literature, consumers are assumed to behave according
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to the PTH, but the representative agent hypothesis is abandoned, allowing for
individual heterogeneity. Clarida (1991), Gali (1990) and Attanasio and Weber
(1991) are concerned with overlapping generations, whereas Lippi ( 1990), Pis-
chke (1991) and Goodfriend (1992) assume infinitely lived agents, with aggrega-
tion effects arising from incomplete information and different income processes.

This paper is a contribution in the latter line of research. We argue that
models in which heterogeneity of incomes is modeled as an equal-for-all macroe-
conomic component plus an idiosyncratic term, like in Pischke and Goodfriend,
though sufficient to obtain autocorrelation, excess sensitivity and smoothness,
still, like most of representative-agent versions of Hall’s model, yield singular
vectors, i.e. consumption and income are driven by the same innovation. This
is a quite unappealing implication, since, besides being in sharp contradiction
with empirical evidence, it prevents us from analyzing cointegration, which is
trivially verified in the singular case.

By contrast, modelling the macroeconomic component with more than one
shock and different responses by individual agents, we get a model in which:
(i) autocorrelation, excess sensitivity and smoothness are obtained; (ii) the
consumption-income vector is non-singular; (iii) total income and consumption
are cointegrated; (iv) the implied error-correction model, unlike Campbell’s, is
general, i.e. lagged income and consumption appear in the consumption equa-
tion, as well as in the income equation. Thus we show that the vast literature
on ECM and cointegration, spurred by Davidson et al. (1978) and Engle and
Granger (1987), is not incompatible with the PTH, provided that sufficient het-
erogeneity of consumers’ incomes is allowed.

Our empirical analysis with U.S. data shows that stationarity of saving,
as obtained from an accurate estimation of total income and consumption, is
not rejected over the period 1964:1 up to 1991:4. Moreover, a simple tentative
model, based on two PIH consumer groups, whose labor incomes are hetero-
geneous, fits the data reasonably well, with the overidentifying restrictions not
rejected by the comparison with a free error correction model.

Coming to the general import of this paper, we wish to put across the idea
that when heterogeneity is seriously taken into account the relationship betwen
theory and data becomes much more complex than in the usual representative
agent approach. Looking back at the debate about the PIH, we find that data
features like autocorrelation of consumption, excess sensitivity and smoothness
have been taken as being in contrast with the theory. In fact they only contra-
dict the micro consequences of the theory, not its aggregate implications. In the
same way, a general ECM for total income and consumption, far from being in
contrast with the PIH, may be derived from it assuming sufficient heterogeneity.
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On the other hand, other reasons to reject the PIH remain untouched. The
first moments implications of the theory are rejected by the data, at least when
infinitely lived agents are assumed (Campbell 1987). Moreover, considering the
period from 1947:1 to 1991:4 savings are not stationary.

Lastly, an important general consequence of introducing heterogeneity in
the framework must be pointed out. Since the dynamic shape may change
dramatically from micro to macro equations, the same testable implications
are likely to be common to quite different theoretical explanations (Lippi 1988,
Lippi and Forni 1990). In our case, a general error-correction mechanism, which
has been originally motivated by a two-step optimization of a representative
agent {Nickell 1985, Salmon 1982), may be re-obtained either within the model
we discuss in this paper, or even in a model where a fraction of the population
follows the PIH, whereas another fraction follows the ‘rule of thumb’ of consum-
ing the whole current income, as recently suggested by Campbell and Mankiw
(1989).

The paper is organized as follows. The first two Sections summarize the
results of the representative-agent literature and specify the basic micro model.
Section 3 describes the structure of the micro incomes and derives the aggregate
relations. Section 4 and 5 illustrate the main results. In Section 6 empirical
results are reported and commented on. Summary and conclusions are left to
the last Section.

1. The micro model

We shall refer to the following formulation of Hall’s model. An infinitely lived
consumer maximizes the expected utility 3 r. 8*Eru(cer), subject to the se-
quence of budget constraints

BAy1 = Ae +ye — ¢ty (1)

where f = 1/(1 4+ r), r is a constant interest rate, § is an individual utility
discount factor, c¢; is consumption, A; is assets and y; labor income, taken as
exogenous. Lastly, F; stands for projection on the linear space spanned by the
information set I;, available to the agent at time t. We do not need to make
specific assumptions on I; for the moment.

In the simplest case where a quadratic utility and § = 8 are assumed, the
first order conditions for this problem are

Eiciyy = ¢ (2)
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Equation (2) implies that optimal consumption is a martingale. The change in

consumption at time ¢ is independent of agent’s information at time t—k, k > 1;

in particular, it is independent of its own past and the past of labor income.

A significant correlation between consumption change and past income change

has been referred to in the literature as ‘excess sensitivity’ of consumption.
Solving forward the budget constraint (1) gives

1 1

Ay (3)

where F' is the forward operator. Taking expectations and using Ficipr = ¢,
k>0, we get
c=(1-5) At‘*‘Etﬁyt - (4)

Equation (4) states that consumption equals permanent income, defined as the
flow of rental income from total wealth. Total wealth includes both assets and
human wealth, which in turn is defined as the present value of the expected
labor income stream.

Taking the first differences of (3), multiplying by SF and applying expec-
tations gives
BF

o= ~BgTgp

Ay, ()

where s; = BAA¢4 is saving. Equation (5) is Campbell’s ‘saving for a rainy
day’ equation: savings anticipate future income falls. An important implication
of (5) is that if the change in labor income is stationary then saving is stationary.
Notice that in this case, since consumption is I(1), total income z, = (1—f)A¢+
Yyt = ¢t + S¢ is also I(1). Therefore, stationarity of saving may be rephrased by
saying that total income and consumption are cointegrated with cointegrating
vector (1 —1).1

To conclude this Section, we derive two further relations which will prove
useful in the sequel. Taking the first difference of (4), noting that (1 —8)AA4, =
[(1 — B)/B]st—1 and substituting from (5) we obtain

1

T:’B"ﬁyty (6)

Acy = (1 - ﬁ)(Et - Et—l)

1 This implication holds true even if labor income is trend-stationary; in this case the
order of cointegration is two.



which shows that the changes in consumption depend on consumer’s revisions
in expected human wealth. Rearranging terms gives, after some manipulations,

1
ACt = (Et — Et_l)—i“‘_—-ﬁAyt. (7)

2. Income expectations

To proceed further we must specify the variables contained in the information
set Iy of the agent and their model. The usual assumption is that the agent
only observes labor income y; and that the latter evolves according to:

Ay, = a(L)ey, (8)

“where e; is white noise, a(L) is a rational function with no poles of modulus
less or equal to unity, no roots of modulus less than unity. Since we are only
interested in the second moments of the processes, let us assume that e;, and
therefore Ay, has zero mean. We also suppose that a(1) # 0, so that y,; is I(1),
even though many of the results below do not depend on this assumption.

Equation (8) can be used to obtain explicit expressions for consumption,
saving and total income. Consumption is easily obtained by noting that (8)
implies (E; — E¢—1)B* Ay = arfB¥e;. Hence from (7) we get

ACt = a(ﬁ)et. (9)
Combining (5) and (8) gives saving:

_ galL) —a(h)
8y = ﬂ—ﬂTet‘ (].O)

Notice that the expression on the right is a linear combination of present and
past of income innovation, even if the denominator vanishes for L = 8 < 1.
In fact the numerator also vanishes for L = 3, so that the expression has no

essential poles of modulus less than one.
Lastly, taking the first difference of (10) and adding (9) the change in total
income z; = s; + ¢; is found to be

Az = h(L)ey, (11)
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where
Ba(L)(1 - L) — (1 = B)a(B)L
p—L '

Equations (8) and (9) show that both consumption and labor income are
driven by the same white noise e;. This is a very unappealing feature of Hall’s
micro theory when the labor income is the only variable observed by the agent:
the vectors of labor income and consumption, total income and consumption,
saving and total income, are all singular. This implies that a regression of
consumption on present past and future of labor income should produce no
residual, which is completely at odds with any empirical evidence: for instance,
employing U.S. data, the R? resulting from such a regression does nor exceed
0.45. Moreover, consumption should be cointegrated with both labor income
and total income. In fact, I(1) variables driven by the same shock are trivially
cointegrated.

Such paradoxical implications can be avoided by assuming that individuals
possess a richer information than past income alone, like for instance in Quah
(1990), where two distinct components are observed by a representative agent
to predict future values of labor income. Different components of labor income
will be introduced in the next Section. However, we will not follow Quah’s way.
Rather, we will show that if sufficient heterogeneity is assumed for individual
labor incomes, the singular micro model considered so far aggregates into a
non-singular model, in which non-trivial cointegration holds for total income
and consumption but not for labor income and consumption.

h(L) =

3. Aggregation

In order to derive the macro model, we must specify a structure for consumers’
labor incomes. We assume that individual income is driven by ‘common’ shocks
and ‘individual’ shocks. The individual shocks of consumer : are orthogonal
both to the common shocks and to the individual shocks of consumer j. For
simplicity, we assume that there are only two common shocks; the generalization
to the case of n common shocks is straightforward. Moreover, we allow for
different individual responses to common shocks. Formally, individual labor

income is given by
Ayir = ai(L)Us +vi(L)Ve + wi(L)xit, (12)

where Uy, Vi and x;; are mutually orthogonal white noises, while «;(L), 8;(L)
and w;(L) are rational function of L. To ensure that both individual and ag-
gregate labor income are I(1) it will be convenient to assume that (1) # 0 for
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any . This implies that at least U; has a permanent effect on all individual

incomes.
The shocks U; and V; are common to all agents, whereas y ;¢ 1s idiosyncratic,

namely x;; is orthogonal to x,¢, for ¢ # j, at all leads and lags. In addition to
representation (12) we shall need the univariate Wold representation of Ay;,:

Ay = ai(L)es. (13)
The latter is obtained by solving:
cai(L)eir = ai(L)Uy + vi( L)V + w(L)xit

in the unknowns a;(L) and e;;. This is done by: (1) Taking the spectral density
of the RHS of the equation; (2) Splitting it as a;(L)a;(F)o?, where a;(L) fulfills

the usual conditions on roots and poles; (3) Setting:

o = @i(L)Ue +7i(L)Ve + wi(L)xit
it GZ(L) . (]_4)

Let us now come to the aggregation of equations (12). Denoting with N
the number of agents in the economy, per-capita income is:

Vi

N
Ui+ N7 7(D)
i=1

N N
AY, =N71Y Ayy = {N’l > ai(l)
i=1 =1

M
+ N7 Zwi(L)Xit-

=1

As N tends to infinity, if the coefficients of «;(L), 8;(L) and w;(L) are bounded
over the population, a simple argument based on mutual orthogonality of the
shocks x;¢ leads to the conclusion that the idiosyncratic component vanishes in
variance (see Granger (1987)). Thus, for huge numbers of agents, the idiosyn-
cratic component, although possibly important for each single agent, becomes
negligible in the aggregate, so that we may write to a good approximation:

AY, = a( L), ++(L)Va, (15)
where a(L) = N7' 3. a;(L) and v(L) = N7 3, vi(L).

Comparison between equations (12) and (15) gives an important insight
into the observed differences in autocorrelation structures of micro and micro
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data. Suppose the idiosyncratic shock dominates in variance the common shocks
in (12). This implies that the function a;(L) is almost equal to w;(L). On the
other hand the w;(L) have no influence on the aggregate AY;. Therefore, if w;(L)
implies a negative autocorrelation whereas «;(L) and v;(L) imply a positive
autocorrelation, the latter will be a feature of aggregate income whereas the
former will characterize the corresponding micro data (on this point see Section
4).

Let us now deal with consumption. Unlike in Section 2, here individual
incomes are explicitly modeled by adding components which may be differ-
ent across different agents. Therefore we must choose amongst different as-
sumptions regarding the information set employed by agents. For instance, if
agents observe the components of their individual income separately, consump-
tion change is:

Acit = ai(B)Us + 7i(B)Vi + wi(B)xit.

As a variant, they might observe the idiosyncratic term and the sum of the
other two components, but not the latter separately. Such assumptions lead to
non-singular models in which excess smoothness can find an explanation (as in
Quah (1990)). Interesting models arise if we assume that agents observe their
individual incomes and the aggregate income, possibly with some lag (Good-
friend (1992)).

Here we shall assume that agents observe only their individual income.
Indeed, the use of aggregate variables in predicting individual future incomes
is rather implausible. The value of aggregate information on labor income is
typically insignificant at the micro level (Altonji and Ashenfelter 1980, Pischke
1991); hence, the best thing that consumers can do is not to acquire it even if it
is available at a low cost. This is tantamount to assuming that the variance of
the common terms a;(L)U; and +;(L)V; is very small in comparison with that
of Ay;;, so that predictions based on individual information perform almost as
well as predictions based both on individual and aggregate information.

Under our assumption consumption changes for agent ¢ are obtained by
straightforward application of the micromodel to (13):

Acit = ai(ﬂ)eit, (91)
while changes in individual total income are

Azi = hi(L)es, (119
where

fai(L)(1 = L) — (1= fas(HL
-1

hi(L) =



Moreover, substituting (14) into (9'), summing and dividing by N:
AC, = §(LYU + 6LV, (16)

where

§(L)y= N~ Za Yai(L)/a;i(L)
0(L) = Z B)vi(L)/ai(L),

and C} is per-capita consumption.
In a similar way, from equation (11') we get

AX, = ND)U, + u(L)Vi, (17)
where X is per-capita total income, and

AML)y=N"1 Z hi(L)ai(L)/ai(L)
' (18)
u(L) =N Z hi(Lyyi( L)/ ai(L).

4. Sensitivity and smoothness

It is quite clear from equation (16) that aggregate consumption is no longer a
random walk. A simple example will be sufficient to show how excess sensitivity
and smoothness can arise through aggregation. Assume that V; = 0 and that
a;(L) = (14 aL), with 0 < @ < 1 for all ¢. In this case changes in aggregate
income are:

AY; = (1+ aL)U,

so that cov(AY:, AY;—y) > 0, consistently with observed data. Moreover, as-
sume that w;(L) = (1 — wl), with 0 < w < 1 for all ¢, and that Ay; is
dominated by the idiosyncratic component. This implies that a;(L) = (1—alL),
with 0 < @ < 1. Under such assumptions, which are consistent with empirical
findings (Pischke (1991)), consumption changes are:

1+aL

— Ut (19)

AC, = (1-aB)3




Clearly, cov(ACy, AUi—x) > 0 for k > 0, so that cov(AC:, AY;—¢) > 0, ie.
there is positive ‘excess sensitivity’.

To get an economic intuition of the result, consider that consumers’ human
wealth is positively correlated with the common shock U;. Since this correla-
tion is small, consumers ignore it in predicting their permanent income, so that,
when a positive common shock occurs, they fix consumption at a slightly lower
than the ‘optimal’ level. This ‘error’, while insignificant at the micro level,
becomes important in the aggregate.? But a positive common shock induces
(little) positive changes in future univariate income innovations at the micro
level:®> when these innovations are observed, agents correct their consumption
upward. Once again, the correction is small at the individual level but induce
large positive changes in aggregate consumption. This is why changes in aggre-
gate consumption are positively correlated with the past of the common shock
(and hence with the past of aggregate income change).

The example above can be used to show that consumption is correctly
predicted to be less volatile than income. Clearly, consumption is smooth at
the micro level, since var(Acy) = (1 — aB)?o?,, while var(Ay;) = (1 4 a*)o?..
The intuition is simple. As we have seen, consumption is more volatile than
income if and only if the change in income is positively correlated with its
own past. But at the micro level the correlation is negative; therefore the
PIH predicts individual consumption to be smooth, even if consumers make
univariate forecasts. This property is preserved when aggregate consumption
is considered. To see this, consider equation (19): AC; is obtained from AY;
by applying the filter (1 — af)/(1 — aL). Therefore the spectral density of AC;
is equal to that of AY; multiplied by (1 — a8)?/|1 — ae~**|%. This expression
is less than one at all frequencies other than 0 and 27 if § = 1; therefore the
variance of AC, is less than the variance of AY%.

5. Singularity and cointegration

Coupling equations (16) and (15) we get a bivariate MA representation of con-
sumption and labor income changes, which result from aggregation of the micro
equations (9’) and (13) respectively. The matrix of this representation is

- (Zaiw)ai(m/ai(m Zaiwmm/ai@)) . (20)
S (L) 2. miL)

2 Inour example, if U; were observed, we would have AC; = (1+ «f)Ut, while the impact
multiplier of (19) is (1 — afB), which is considerably smaller if o and a are not close to zero.

3 In our example, e;y = [(1 + aL)/(1 — aL)JUs + [(1 = wL)/(1 = aL)]xit (see (14)).
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A simple inspection of matrix (20) shows that, although the micro model
is singular, the aggregatre model is non-singular if the common components of
individual incomes are sufficiently heterogeneous. More precisely, given equa-
tion (12) for individual incomes non-singularity of (20) requires that the ratio
a;(L)/7i(L) is not uniform across the population. This is equivalent to requiring
that the shocks U and V; are not redundant in equation (12): in fact, if

ai(L)/vi(L) = (L) for all ¢ (21)

then
a;(D)Us + 7i(L)WV; = 7i( D) (L)Ue + Vi] = vi(L)p(L)Wr,

where W; is independent of 4, i.e. one single shock is sufficient to generate the
common component of all the agents in the population.

Setting a;(L) = (L) and 7;(L) = (L) for all + in (12), which is a particu-
lar case of (21), one gets the standard model employed in micro-data literature,
as well as in the papers by Pischke (1991) and Goodfriend (1992). In this case
the heterogeneity of individual incomes is completely confined in the idiosyn-
cratic component.

Naturally, as already observed in Section 2, singularity of (20) is strongly
rejected by empirical evidence. Therefore, if model (12) is assumed for individ-
ual data, then under PIH restriction (21) is rejected as well.

Summing up, non-singularity of the consumption-income vector is a crucial
feature of data that many PIH models so far proposed fail to reproduce. Non-
singularity is achieved in representative-agent models in which more than one
shock is observed by the agent (e.g. Quah 1988). Our model contains different
macroeconomic shocks, but agents do not observe them separately. Therefore
our micromodel is singular. Non-singularity in our macromodel stems from
aggregation of heterogeneous agents. More precisely, non-singularity is achieved
if the common component is driven by at least two shocks, while restriction (21)
does not occur. *

Let us come now to cointegration. We can distinguish two cases. Firstly,
ai(1) # 0, 7i(1) = 0, for all i, so that only U; has a permanent effect on
incomes. In this case, the determinant of (20) vanishes for L = 1, implying that
aggregate consumption and labor income are cointegrated. This is because a
unique permanent shock to income and consumption implies that there is only
one comimon trend in the macro variables. Notice however that a different result

4 Indeed, exclusion of (21), although necessary, is not sufficient for non-singularity of
(20); however, cases in which (20) is singular but (21) does not hold do not seem to have any

econoic interest.
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emerges when consumers can distinguish permanent from transitory shocks. In
this case both U; and V; are permanent for the consumption process, even if
V, is transitory for the income process (see Quah 1990); so that there are two
distinct common trends in aggregate labor income and consumption.

Secondly, both U; and V; have a permanent effect. In this case aggregate
consumption and labor income are not cointegrated, unless the parameters of
individual incomes take on very particular values.®

Unlike consumption and labor income, consumption and total income are
cointegrated independently of the number of common permanent shocks. In-
deed, equations (16) and (17) give the bivariate MA representation:

G-( e e
Equations (18) and (11°) imply that

§(1)=M1)=N"1 Zai(ﬁ)ai(l)/ai(l)
6(1) =p(1) = N1 Z ai(B)yi(1)/a:(1).

Hence, AX; and AC; are cointegrated with cointegrating vector (1 —1).°

Notice that cointegration of aggregate total income ad consumption could
have been obtained as a consequence of a general result. Since the cointegrating
vector is the same for all consumers, cointegration is preserved by aggregation
(see Lippi 1988, Gonzalo 1989). Put another way, aggregation preserves sta-
tionarity of saving, along with difference-stationarity of consumption and total
income, so that cointegration is maintained at the macro level.

5 Notice that the determinant of (20) vanishes for L = 8 < 1, so that representation
(15)-(16) is not the Wold representation. This result is similar to that of Quah (1 990). In the
representative agent model of Quah, nonfundamentalness arises from the fact that, unlike the
econometrician, the representative agent can distinguish permanent from transitory shocks.
Here consumers cannot distinguish permanent from transitory shocks. However, they still
know something that the macro econometrician does not observe, namely their individual
incomes.

6 Notice that the determinant of the matrix in (22) does not vanish for L = 3. Indeed,
the determinant is (1 — L)/(8 — L) times the determinant of (20), so that it has exactly the
same roots except for 3, which is replaced by 1. It follows that if U; is permanent and V; is
transitory, then the determinant of (22) has two unitary roots instead of only one, so that a
VAR model linking consumption and total income does not exist either in differences or in
levels.
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6. Empirical results

For our empirical analysis we use the U.S.A. national income and product ac-
counts (NIPA) quarterly data from 1947:1 to 1991:4. All the data are seasonally
adjusted at quarterly rates, taken in per-capita terms and expressed in thou-
sands of 1987 U.S. dollars. We analyze total disposable income (X) and total
consumption expenditures (C'). Following Blinder and Deaton (1985), we make
some adjustments to NIPA definitions. Firstly, the 1975 tax rebate is removed
from the income data; the numbers for this correction are taken from Blinder
(1981).7 Secondly, personal ‘nontax’ payments to state and local governments
are added to both consumption and income. Lastly, interest paid by consumers
to business is subtracted from disposable income. Savings (S) are defined as
the difference between the resulting series X and C.

Total consumption expenditures might not be the most appropriate series
to use in our context. Indeed, for durable goods it is the service flows rather
than purchases that should be included in the aggregate. We therefore use both
consumer spending C' and an alternative measure of total consumption (CC)
that includes an estimate of the imputed rent on the stock of consumer durables.
The stock of durables is calculated by accumulating the spending flow, starting
with the NIPA net stock of consumer durables for the end of 1946, and assuming
a depreciation rate of 5 per cent per quarter. To calculate the imputed rent, we
assumed a user cost of 6 per cent per quarter. Consumption on clothing and
shoes is treated in a similar way, but assuming a depreciation rate of 20 per cent,
a zero initial value and a user cost of 21 per cent per quarter. Consumption
CC is the imputed rent on durables, clothing and shoes plus expenditures on
services and nondurables other than clothing and shoes. In relation with CC
we use an estimate of disposable income, X X, which is the sum of X and net
interests on durables, clothing and shoes. Saving SS is defined as the difference
between X X and CC.

As shown in Table 1, there is no evidence against the null hypothesis of
unit root in the four series X, C, XX and CC when compared with the trend-
stationary alternative. Hence the data are consistent with the assumption 6 = r,
i.e. that the rate of time preference is equal to the interest rate.

Figure 1 shows the two measures of saving S and S.S. Neither of these seems
stationary. As regards S, the unit root hypothesis is rejected by the Dickey-
Fuller test at the 5 per cent level but cannot be rejected by the augmented
Dickey-Fuller test with one lag or more. S5 is I(1) according to both the DF
and the ADF test with any number of lags (see Table 1). Hence the aggregate

7 Empirical results do not change substantially when the 1975 tax rebate is not removed.
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Figure 1. U.S. per capita savings
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implications of the theory are not supported by the data over the whole period
1947:1 1991:4.

However, both the series in Figure 1 look much more stationary if we
concentrate attention on the subperiod starting in the mid-sixties. Indeed,
within the period 1964:1 1991:4 the hypothesis of a unit root in S is rejected
at the 5 per cent level by the DF and the ADF(1) tests, while S5 is stationary
according to all the tests (see Table 2).
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Table 1. Unit root tests 1947:1 1991:4

variable DF ADF(1) ADF(2) ADF(3) 95% critical value

with trend

C -2.342 -2.557 -2.619 -2.690 -3.436

X -2.441 -2.296 -2.373 -2.294 -3.436

cC -1.771 -2.344 -2.294 -2.432 -3.436

XX -2.415 -2.283 -2.365 -2.295 -3.436

without trend

S -3.015 -2.817 -2.422 -2.594 -2.878

SS -2.363 -2.293 -1.966 -2.061 -2.878
Table 2. Unit root tests 1964:1 1991:4

variable DF  ADF(1) ADF(2) ADF(3) 95% critical value

with trend

C -1.315 -1.877 -2.362 -3.231 -3.450

X -2.313 -2.713 -2.411 -2.863 -3.450

cC -1.278 -2.206 -2.493 -3.505 -3.450

XX -2.329 -2.742 -2.450 -2.914 -3.450

without trend

S- -3.417 -3.007 -2.566 -2.657 -2.887

SS -3.312 -3.348 -2.935 -2.977 -2.887

Having obtained cointegration for total income and consumption, as pre-
dicted, one could be tempted to go further and estimate model (22) on the
period 1964:1 1991:4. However, application of (22) to empirical data calls for a
specification of the joint distribution of the microparameters amongst agents.
Unfortunately, existing empirical studies on micro data are useless for our pur-
pose, due to their poor specification of heterogeneity and dynamics. For these
reasons we shall limit ourselves to a highly artificial exercise in which we simply
assume two groups of agents. Precisely, let us assume that there are two types
of workers (for instance self employed and employees), namely type 1 and type
2. The income of type 1 workers responds only to U;, whereas the income of
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type 2 workers responds only to V;:

Us + w1(L)x1e

1
A =
Y1t 1 — oL
1
1—~+L

Ayze = Vi + wa(L)x2e-
The idiosyncratic components are assumed to be such that the univariate Wold

representations are:

Aylt == (1 — aL)elt
Ayys = (1 — cL)eyy,

where a, a, v and c are, according to empirical findings, all positive and less

than unity.
The resulting joint model of consumption and total income is:

1-ap 1-cp
AC\ | (1men)a-al)  (1-cL)1-vL) P, (23)
\AXt o 1_‘15[4 1"CﬂL \Qt ’

(l—aL)(l—aL) (1—-cL)(1—7L)

where P, = (M/N)U;, Q; = [(N — M)/N]V;, M being the number of type 1
agents. The implied ECM is

1 61L - 52L2 —6L ACt . M Wt
( —$L— $oI7 1- ¢L> (Axt) = (1/ S1 g, (24),
where

_(d- aB)(caB + acB + aa — acaf)

1

B(c — a)
— (1 - C/B)(a/"}/ﬁ + acﬂ +cy — CLC’Yﬂ)
B(c—a)
by (1 =cflacy —(1 - af)aca
, =
c—a
g —_1- aB)(1 — ¢f)(aa — cy)
B(c—a)
ac — ay
pr=—1v+——
_aelr=a)
¢ = p—
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p (L= afer = (1 = faa
B(c—a)

(1—af)(l - Bl —a)l-a) = (1-c)(1 -7
a Blc—a)
_(1-cA1l-a)1-a)—(1-af1—e)(1-1)

B(c—a) ’

v

and

(Wt): (1-aB)P+ (1—cB)Qs

2t P+ Qy

We estimated model (23), which is equivalent to estimating (24) under the
restrictions implied by the functional relationships listed above. Moreover, we
estimated model (24) without restrictions and model (24) with the restrictions
implied by the permanent-income hypothesis in its representative-agent version,
iie. 61 = 8, = 6 = u = 0.2 The parameter § has been arbitrarily fixed to .99,
which implies a quarterly real interest rate near to 1 per cent. Data are measured
in deviations from their means. The results are reported in Table 3.

The first column shows the estimates for the parameters of model (23)
obtained when using C' and X, along with the implied parameters of model
(24). The second column shows the estimates for the free model (24). The
third column shows the estimates for the Hall-Campbell’s representative-agent
ECM. Columns fourth, fifth and sixth replicate the first three with reference to
CC and X X.

Excess sensitivity is clearly confirmed: the restrictions implied by the
representative-agent version of the PIH model are rejected by both data sets.
Rejection is very strong when using the second (and more interesting) data set:
the LR test gives a probability value less than .001.

Model (23) fits the data remarkably better, especially with CC and X X.
The only shortcoming is the significantly negative estimate of the parameter
a both using C, X, and using CC, XX, so that the negative autocorrelation
for micro incomes, observed in empirical data, holds for only one of the groups
(notice however that with C'C, XX parameter a is considerably smaller in
modulus). Model (23) cannot be rejected against the free model by the LR test
at the 5 per cent level with the second data set, at the 2.5 per cent level with
the first.

8 The programs for maximum likelihood estimations and calculation of the information
matrices have been written by the authors in MATLAB.
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Table 3. Estimates of (23), free ECM and Campbell’s Representative-Agent ECM*

with C, X with CC, XX

model free Campbell’s  model free Campbell’s

(23) ECM ECM (23) ECM ECM
o .62 (.09) .65 (.09)
a -47 (.09) -.28 (.11)
¥ -.08 (.10) .00 (.10)
c .93 (.04) .95 (.03)
1030% .16 (.03) .06 (.01).
10%03) .53 (.07) .55 (.08)
61 15 .18 (.10) 0 .36 41 (.10) 0
82 28 14 (.10) 0 18 .10 (.10) 0
] .02 .08 (.08) 0 01 .01 (.04) 0
# 45 42 (13) .33 (.13) 49 79 (.24) 45 (.24)
b2 22 02 (.13)  -.05 (.12) 14 -.13 (.24) -21 (.22)
P -.07 04 (.10) .00 (.09) .01 .09 (.10) .08 (.09)
m .04 .02 (.04) 0 .03 01 (.02) 0
v -.05 -.15 (.06)  -.16 (.05) -.03 -.17 (.05) -.17 (.05)
10303, .33 .31 (.04) .35 (.05) .09 .09 (.01) 12 (.02)
10302 .68 53 (.07) 53 61 53 (.07) .55 (.08)
1030w z .27 16 (.04) .17 (.05) 11 .08 (.02) .10 (.03)
LLikelihood 765.5 771.6 765.6 833.6 839.0 824.7
LR Statistic 12.2 12.0 10.8 28.7
# Restr. 5 0 4 5 0 4
x%s 11.1 9.5 11.1 9.5

* Standard errors in brackets.

Summary and conclusions

Autocorrelation of consumption under the PIH and different forms of limited
information has been shown in Lippi (1990), Pischke (1991), Goodfriend (1992).
The latter two authors also motivate excess sensitivity and smoothness. How-
ever, due to their standard common plus idiosyncratic model of heterogeneity,
they get a singular macro model. In this paper we have shown that allowing for
more complex heterogeneity one gets a non-singular macro model. Moreover,
total income and consumption are predicted to be cointegrated with cointegra-
tion vector (1 — 1) and to follow a general error correction mechanism. Thus,
once sufficient heterogeneity is allowed, PIH and ECM models of consumption
appear to be no longer in contrast.

U.S. data do not reject cointegration for the period from 1964:1 to 1991:4.
A highly artificial specification of our heterogeneity model, containing only two
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types of agents, has been estimated for this period and not rejected when com-
pared to its free parameters version by the likelihood ratio test. Although quite
naive, our empirical exercise can be considered as a useful prototype for the
introduction of heterogeneity in macro analysis.
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