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ABSTRACT o

The permanent income hypothesis with durability of commodities is
tested on a panel of Japanese households for several commodity groups.
The utility function is a time-separable function of consumption which
is a wighted average of current and past expenditures. Under static
expectations about real interest rates and for some utility functions,
the hypothesis implies that consumption (as opposed to expenditure) is
a martingale. The main results are: (1) durability of commodities
usually classified as services is substantial, and (2) the hypothesis
apprlies to about eighty-five percent of the population consisting of
wage earners. |
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I. INTRODUCTION AND SUMMARY

The empiriéa] validity of the permanent income hypothesisl is a
long-standing issue that has been debated for nearly three‘decades.
At the heart of the debate is the question of whether consum#tion is
“too sensitive” to income fluctuations. Its operational méaaing was

not given until Hall [1978] who has shown that the marginal utility

of consumption is a martingale under the permanent: income hypothesis
with constant real interest rates. Since then quife a few papers have
studied the issue of the excess sensitivity of consumption.2 Many of
them have also tried to estimate the Fracfion_oF "liquidity constrain-
ed" (rule QF thumb) households whose consumption simply tracks dispos=-
able income.

fps impressive as it is, the liferature has failed to pay enough
attention to the distinction between consumption aﬁd expenditur‘e.3 As
the permanent income hypothesis is a theory about the service flow of
consumption, the literature has either looked at perishables (nondur-
ables and/or services) alone or singled out durables for special
treatment. But it is not entirely clear that most commodities labeled
as nondurables or services are perishable so that consumption and
expenditure can be equated. A good example is dental services. -
People go to a dentist not because they enjoy the tfeatmeﬁt but
because their teeth will hopefully be in good shape for some time to
come. So dental services are physically durag]e. Another example 1s -
a pleasure trip. It is physically périshab]e, but it may have a
lasting péycho]oéica] effect on preferences as people derive uti]ity
from the memory of a trip. If so, recreatiéna] expenditure should be

treated as if it is durable.
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The present study, which is a sequel to tBe author’s earlier work
(Hayashi [forthcomingl), attempts to address this durability issue as
well as obtain a sharper estimate of the fraction of households in the
population for yhich total expenditure tracks disposable income. It
uses a four-quaéter ;ane] of Japanese households for several commodity
groups. The unique feature pf this data set is its inclusion of |
respondents’ expectations about expenditure and income. A surprising
fact revealed by the data set is that expenditure changes are nega-
tively correlated owver time, a fact that appears to be inconsistent
with consumﬁtion smoothing. This can, however, be reconciled with the
permanent income hypothesis by allowing for 'transitory consumption’
(measurement error and preference shocks) and the durability of
commodities.

The theoretical model in this study takes durability into account
by making consumﬁtion to be a distributed lag function of expenditure.
If the commodity is perfectly perishable, only current expenditure
shows up in the distributed lag. The model also allows for preference
shocks by making the utility function depend on a preference shift
parameter. The model is standard in other-respects: househo]dsf
objective function is a time—separable function of consumption and
households can freely borrow and lend at the nominal risk—free inter-
est rate. Under the assumption of static expectations about the real
interest rates and for some specific preferenées, it is shown th%t

consumption follows a martingale {(with an intercept term that depends

on the real rate), so that a change in expenditure on the commodity in

guestion is a univariate autoregression. Thus the model provides a

unified treatment of commodities with differing degrees of durability.
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The estimation of the model is carried out with no restrictions on
the serial correlation structure of income, preference shocks and
measurement error but with the restriction of geometric decay on the
distributed lag function for consumption. The crucia1 identifying
assumption is that neither preference shocks nor measurement error in
expenditure is correlated with income and that there is no_measurement.
Cerror in incoheﬂ Since expectations are directly measured, there is -
no need to make a specific assumption about expectations of future
income ‘and expenditure. Main findings are as follows. Clothes and
recreation and education are highly durable. The fraction of the
pOpu]afion of wage eé%ners Ffor which total expenditure tracks income
is sharply estimated to be around 15 percent. If these "ligquidity
constrained’ households are allocwed for, the model is suécessfu] in
mimicking the sample coOgriances between (expected and unexpected)
expenaiture‘and income changes.

The plan of the paper is as follows. Section II.describes the
nature of the data set. Section III examineg some summary statistics
of the (actual and expected) expenditure and income variables. The
theoretical model is presented and the martingale property of consump—
tiom is derived in section IV. The estimation procedure is discussed .

in section V, The parameter estimates are presented in section VI. .

Section VII is a brief conclusion.,
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II. THE DATA AND THE VARIABLES USED

The data set for the present study is obtained from the 1582
Survey of Family Consumption compiled by the Economic Planning
Agency of the Japanese government. This is an interuieu_panel survey
in which families re;orted to visit%ng interviewers every three months
over a Tour—quarter period {1981:0Q2-1982:Q1)., More specifically, the
respondents are asked at the end of each quarter to provide the
following information: (i) expénditures on eleven different and
mutual ly exclusive commodity groups for the quar*ter',4 (11) fnorma1°
income consisting of regular wages and salaries, net of inccome, social
security and national health insurance taxes, (iii) "temporary’ income
consisting of (after-tax) bonuses, income from interests, dividgnds
and estates, insurance payments, severance pa}, and tax returﬁs at the
end of a calendar year, (iv) the respondent’s expectations (at the end.
§F each quaFter) of all the variables in the above three ‘items for the
following quarter, and (v) family characteristics (occupation, family
size, age of the head, and housing tenurel). Since tHe survey’s
distinction betueen ‘normal’ and “temporary” income seems arbitrary,
this study uses disposable income (the sum of "normal’ and °temporary’
income) as the income variable. The survey does not cover one—person
households. Although this is not a diary survey, interviewers actu-
ally visited the households every.quarter and.the respondents filled
out the guestionaire in the presence of the iAtervieuer. There are
practically no attritions: for any quarter at least 99.5 percent of
the surveyed 5,837 households responded. Information agout food, for

example, is elicited by the question: "How much did your family spend
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on Ttood for the last fhree months?” and "How much do you expect your
family will spend on food for the next three months?"

Our analysis will focus on ‘"workers’ households, i.e., households
whose head is on a gayroll, which are about 58 percent of the original

sample. This is because identification of the fraction of the popula-

tion for which expenditure tracks income rests on the assumption of no
measurement error in income. (The results for all households ui]] be .7
mentioned when necessary.) It became necessary to delete the sample
from the entire Tokyo prefecture and some other parts of the country,
becausé a four—-quarter panel could not be formed due to some coding
problem. At this stage the sample size became 2,707. Froh this,
households with missing va]uess (49? cases), households whose head’s
age either increases by more than a year or decreases (150 cases), and
then households which changed their housing tenur‘e6 {(from a nonhome-—
owner to a homeowner or from a homeowner to nonhomeocwner) (446 cases)
are de]eted. This left a sample qf 2,014 cases., For this sample the
empirical distribution was examined and a decision was made to remove
seven caées that reported extreme vaTues.? T%e final sample size for
uorkers' households became 2,007, (The final sample size for all
households under a similar sample selection rule became 3,520.)8
Although expenditures are classified into eleven groups in the
original survey, this study uses a broader classification of seven
commodity groups because some of the originalhcommédity groups (e.g.,

recreation, education, and "cultural’ expenses) seem to be close

substitutes. The variables used 'in this study are as follows:

C1 = food (including liquor and beverages and excluding meals away



from home?l;

rents, fuel and utilities;

clothing and household textiaes;

consumer durables (including furniture, electric appliances,

musical instruments, cameras, automobiles, bikes, bicycles,
sports equipments, and stainless sinks);
= recreation and education finc]uding recreational expenditure
such as vacation expenses, movies, admission fees, and meals
away Trom home: pius educational expenses such as tuition, books,
supplies and equfpments for kindergardens, elementary and high
schools, collegés and uniue%sities: plus “cultural” expenses such
as reading materials, tuition for such cultural activitigs as
flower arrangehgnt, cooking, teatceremqny, music and dance; plus
"social® expenses such as'gifts and contributions);
= medical expenses not paid by the national health insurance,
glasses and medical appliances for personal use;
= other (including houseuaFes, repairs, personal care services,
transportation and communication, telephone charges, private
insurance premiums, shoes, umbrellas, and veicle operations;
plus money given to family members other than the head);
= disposable income, namely the sum of ‘normal’ income and

*temporary' income;

AGE = age of the household head;

FSZ = family size (i.e., the number of persons in the family).

We use a subsctipt to denote the quarter. For example, C11 is

food expenditure in the first quarter of the panel (1981:Q1), and C1

4
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is food expenditure in quarter -four (1982:Q1). ExpenditureAand income
variables are all deflated by the relevant components of the implicit
price deflator for perscnal consumption expenditures in the Nat{onal
Income Accounts. Tbe overall deflator is used to deflate C? and YD,
Since prices uére very stable during the period covered by the panel
(the inflation rate during the period was 2.9 percent), the choice of
the deflator is iﬁmateria]. -

The present data set also contains information on expectations
held by households. 'Since the period of the survey is #rom 1981:Q2 to
1982:01, reported expectations refer to the peri&d of 1981:Q3 to
1982:Q2. We will put superscript "e” to denote expectations. For
example, Cit denotes the household’s expectation, formed at the end of
period t-1, of C1 in period t (t = 2,3,4,5, or 1981:Q3 to 1982:Q2).

As fhe interview was conducted at the end‘of each quarter, expecta-—
tions about variables dafed t are based on information available at
the end df period t-1 which includes actual values of variables dated
t-1., We assume that each relevant component of the implicit price
deflator is correctly foreseen by households'one quarter in advance,
so that actual values of the relevant deflators are used to convert

expected values into real terms.



ITI. SOME SUMMARY STATISTICS
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The sample means and standard.deviations of expenditure and income
variables in real terms are shown in Table I. Both expenditure and
income exhibit seasoqa]ity; they all rise in the fourth quarter of the
year. The lumpiness of durables is reflected in the large standard
deviation and the high fraction of households thét report zero expen—
diture on durables.

The theory to be presented in the next section is stated in terms
of expenditure changes. Table Il shows the sample means and standard
deviations of (actual and unexpected) expenditure and income changes.
As expected, the most volatile commodity group is durables. Both the
level and the change of durables expenditure vary a lot across house—-
holds. The standard deviation is larger for actual changes than for
unexpectéd changes because part.of actual changes is foreseen.

"Table III reports thé sample autocorrelations of changes. The
first-order autocorrelation coefficients are uniformly negative and
large in absolute value. This is surprising, because Hall’s L[19783]
permanent income hypothesis implies £hat chang;s in consumption are
serially uncorrelated as the level of consumption is changed only when
the consumer receives new information. That implication appears to be
inconsistent with the data., It is usually suspected that one of the
most likely reasons for the failure of the permanent income hypothesis
is that it takes time for consumers to adjust to new information
(Hal1C19781). But this cannot be the reason for the strong negative
autocorrelation, because the ]aggéd responce should induce positive
autocorrelation. Another explanation for the negative autocorrelation

is the seasonality in expenditure. In particular, the negative
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correlation betueen‘changeé from 1981:Q3 to Q4 and from 1981:Q4 to
1982:Q1 must be at least partly due‘to the general rise in expenditure
in 1981:Q4. The right half of Table IIIl shows the same autocorrela-
tions for seasona]]ynadjusted data.9 They are not much different from
the numbers in éhe left half of the Table.

The negative. autocorrelation in expenditure changes can be maae
consistent with the permanent income hypothesis in several ways.
First, survey data on expenditure are subject to measurement error,
When expenditure levels are méasured wifh error, changes 1n measured
expenditure will have a moving average term which can induce negative
autocofrelation even if true expenditure changes are not serially
correlated. Second, preference shocks which shift the marginal
utility will introduce ancther moving average term. Third énd mos+t
important, commodities may be durable, so that expenditure and con-
sumption are not the same.thing. It is consumption, not expenditure,
that should be serially uncorrelated under the permanent income hypo-
thesis. A higher level of expenditure means a larger stock of con-
sumption, which will depress expenditure in tHe next period if house-
holds behave to smooth out consumption (as opposed to expenditure)
over time. The theoretical model to be prgsented in the next section
will incorporate preference shocks and the durablity of commodities,
and the estimation of the model will alliow for measurement error.

Another useful way to look at the data is to Fi£ a vector auto-
regression (VAR) consisting of the eight variables (seven commodity
groups and income) and examine their dynamic structure, Since the
panel is four quarters long and only three succesive changes can be

calculated, the lag length is tuo.lo Bs is clear from Table IV, there
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is virtually no feedback (particularly from income to expenditures),
so that the VAR looks very much like a collection of univariate auto-
regressions. Qun lags are negative and significant, which of course
is a reflection of the strong negative autocorrelation of expenditure
changes. ‘

The results presented so far are not inconsistent with the perma-
nent income hypothesis_uith measurement error and preference shocks.
But thére is also evidence that is not %avorable to the hypothesis:
The correlations between current expenditure changes and lagged income

changes are generally negative and significant. For example, the

-sample-autocorrelation between the change-in food expenditure from —--- - -

1981:Q4 to 1982:Q1 and the lagged change in income is -0.080 and
highly significant. If preference shocks and measurement érror are
uncorrelated with income, then the correlation should be zero, because
expenditure changes are forecast errors according to the hypothesisoll
Using an annual panel data set, Hall and Mishkin [£1982] found the same
correlation to be -0.055., Their explanation is that some households
are "liquidity constrained” in the sense that their consumption tracks
income. Consumption by these households will introduce negative
autocorrelation because income changes are negatively autocorrelated.
There is, however, another explanation, which draws on the durability
of commodities., If at least a part of income chanées is unexpected,
then a rise in income causes expenditure (and“hence the stock of
consumption to be carried ower to the next period) to rise, which
tends fo depress expenditure next period. Thus, what appears to be
the excess sensitivity of consumption to income may be attributable to

the durability of commodities and not to liquidity constraints. The
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estimation procedure in this paper will distinguish between the two
comﬁeting explanations of the observed correlation of expenditure with
income changes.

Before turning to the theoretical model, we briefly examine the
reported expectations data. The sample means and standard deviations
of unexpected changes in expenditure and income are already reported
in Table II. Table V shows the sample corre]ation_of changes from
1981:04 to 1982:Q1 with lagged unexpected and aétua] changes. Al-
though they are mostly smaller than 0.1 in abso]uté value, some of
them are statistically significant. This, however, is not a réjection
of ratio%al-expectations, because the rational expectations hypothesis-
implies that the correlation between unexpected changes and lagged

-

changes is zero, if the average is taken over *time, not across house-

ho]ds.12 In parti;u]ar,_the mean (across households) of unexpected
changés can differ from zero as everyone can be wrong in the same
direction at any given point in time. So, it is generally incorrect
in panel or cross-section contexts to impose ﬁhe usual rational expec—
tations orthogeonality condition thaf forecast errors are uncorrelated
with lagged information.13 (Our estimation procedure will not use
this type of orthogonality conditions.) Some of the results in Table
IT are favorable to rational expectations and some are not. Except
for food and rents and utilities (Cl and C2)’ the'§amp]e standard
deviation of the unexpected change from 1981:@4 to 1982:Q1 in Table II
is smaller than that of the VAR residuals reported in Table IV. On
the other hand, the sample mean 6f unexpected changes is generally

positive, which suggests consistent under—-prediction over time.
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IV, THE THEORETICAL MODEL

This section presents a model of households with preference shocks
and the durability of commodities. Consider a household whose inter-—

temporal decision problem is to maximize

T
(1) EtE E

BSU(Et $ 7
s=0

+g ?

s’
where Et is the expectations operator associated with the subjective
probability distribution (assumed by the household) of future vari-

ables that are uncertain to the household, 8 is a discount factor, T

is the length of the remaining 1ife, C is a vector of consumption of n

commodities, U(.) is the instantaneous utility function, and 7 is a
vector of variables (preference shocks) that shift the instantaneous
utility Function.ldl Preference shocks may exhibit seasonal varia-
tions., We will make no assumptions about the correlation structure of
preference shocks (across components and cver time). The relationship
between the vector o# consumption C and the associated n-dimensional

vector of expenditure C is given by

M

(2) C. = = (p

Jt k=0 ..ik C

j,t—k) - pj(L)Cjt (J = 1,2,0.0,”),

where Pj(L) = Z.OjkLk is a polynomial in the lag cperator L. That is,
current consumption is a distributed lag function of current and past
expenditure. This is a generalization of the usual formula for dura-

bles where Ej is sarQice flow Frpm the stock of durables and the

t
distributed lag coefficients ij (k=0,1,2,...) are of the Koyck type.
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We assume that the household has access to asset markets including
access to a nominal risk-free security whose nominal interest rate is

The maximization of (1) subject to (2) gives the first—order
15

Rt'

necessary condition for the nominal risk-free security:
M/ MI

k _ k
kzotﬂ MUJ(t+k)ij3} = Et{(1+rj,t+1)8kzotﬁ Muj(t+k+1)p

(3) Et{ 1>

Jk
(J‘=1,2,n-0,n)o

Here, M* is min(M,T), M' is min(M,T-1), MUj(t) = aucﬁt;nt>/aﬁjt is

the marginal utility of commodity j, and r is the real rate on

Jst+1

where p., is the

i i, i.e. + o, = (1+ :
commodity j, i.e., 1 - (1 Rt)th/p it

Jot+l Jrttl
price of commodity j in period t. The left hand side of this equation
is the margiﬁal cost of Fofegoing one unit of expenditure on the i—th
commodity. This involves a summation from 0 to M’ because a change in
current expenditure influences current and future consumption. The

right hand side is the marginal benefit of increasing l1+r uniks

Jat+l

of expenditure on commodity j in the next period. This also involves
a summation from 0 to M' for the same reason. In Appendix A it is

shown that: Under (3),

(4) L'-:ti:(l+|"i )8 MUJ(t+1)/MUj(t)] =1 (i=1,2,..,n)

s+l

holds approximately if M (the length of the distributed lag) is small
relative to T (the length of remaining life) and the household has
static and point expectations about future real rates, and holds

exactly if (as is usually the case for duhab1es) pjk is geometrically

is known in t and r. Equation

declining in k and r. J,e+1 T rj,t+2'

Jst+l
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(4) is the usual first-order condition without durability. So essen~
tially, the cost, of having the familiar expression like (4) is the

-

assumption of static and point expectations about future real r‘ates.16
Equation (4) can be made tractable under two alternative assump-
tions. First, assume that the instantaneous utility function U(.)

takes the fo]]buing separable form:

(32 U(Ct;?

{1 oy e}

t) ; 1{—ﬂjexpE(ﬂj—CJt)/#J]}, ﬂj > Or

Rewrite (4) as

(6)  (1+r.

J,t+1)B MUj(t+1)/MUJ(t) = 1 - ’ (J.=1’2’ u'-ogn)’

Ciyt+l

where e} £+1 is the difference between the left hand side of (4) and

the left hand side of (), that is, ej,t+1

the left hand side of (4) and satisfies Et(ej t+1) = 0., It therefore

consists of new information the household receives in period t+1 about

is the forecast error of

labor income and preference shocks, Take the log of both sides of (&)

and use the approximation In(l+x) = x +to obtaini?

(7} 1n(1+rjt) + 1n(B) + 1nEMUJ(t+1)] - 1nEMUj(t)J = T e are

Under the assumed utility function (5) this becomes

(8) = d (j=1,2,400,n)

. - C. } + a,
CJ,t+l CJt Jatt+l ®j.t+1
where

(9 d = ﬂjtln(1+rj ) + In(83] + K i

Jat+l , 1 R o B T
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and € el = ﬂje},t+1 is the Foreqast error that is uncorrelated (in
the household’s judgement) with any information that is known to the
household at the end of period t.

Another way to make (4) tractable is to assume that the instanta-
neous utifity function U(.) is quadratic:‘

(10) U(Ct;ﬂt) = a Ct - (1/2)(Ct—nt) B(Ct-nt)

and that the real rates are constant and the same across commodities:

(11) (1+r ., 8 = 1.

JstHl

It then is easy to show that (4) reduces to (8) with dj,t+1 =:nj,t+1 -
njt' This is the multi-commodity version of Hall’s L19?8] martingale
hypothesis.

Under either assumption about the instantaneous utility function,
substitution of (2) into (8) gives equations stated in ferms of expen-—

18

diture changes:

(12) PJ(L)(Cj - C-) = d (j=1’2,oao’n)o

. + .
yt+1 it e+l T %Ltk

Thus (apart from the dj,t+1 term) expenditure changes are univariate
autoregressions, which is what we found in Table IV. (If preference
shocks are contémporaneous?y correlated across”commadities, then there
can be feedbacks from other commodities.) Our empirical implementa-—

tion will assume geometric decay for Pj(L):

(13) Pty = 4w pl+ (DA% L= - p T,
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so that the autoregressive representation (12) can be inverted to

19

obtain a moving average representation!

c._ = (d

Jet¥t T Mt T Y9, e pieiy)

- .. + . - .
(14) C PJth) (eJ’t+1 i€t

(j=1’2;ao.,n)o

Equation (14), the moving average representation of the permanent
income hypothesis with durability, is derived from the intertemporal
first-order condition. The intratemporal first—order condition for
the case of geometric degay can be derived from equation (A.4) in

Appendix A as:

() = (1+r, ) /C(1+r 3

MUj(t)/MUﬁ J’t+1—PJ pj,t+1

2,e+17PgP g, t41

(j,£=1,2,001,n)’

where Pj e+l and pﬂ,t+1 aEe assumed to be known in period t. We wil]
not exploit this marginal condition for our Four—qgarter panel data,
because there is no way (unless Pj = pﬂ) to traﬁsform it into an
equation like (14) that involves only a small number of succesive
expenditure changes.

In the empirical implementation, we wish to test the permanent
income h&pothesis with durébi]ity just presented against the alter-
native model of "liquidity constraints.’ A most natural way to incor-
porate liquidity constraints would be to let the interest rate be
endogenous and depend on the household’s income and asset position.

The present data set has no information on households’ assets and
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iiabilities, éo that we cannot tell whether the household is borrowing
or lending at thé margin. Thus it is impossible to implement the idea
of endogenous interest rates in a satisfactory Fashion.zo Our version
of liquidity constraints, which is also the one employed in Hall
C19781, Hall and Mishkiﬁ E1982j and Hayashi [1982], is that the margi-
nal propensity to spend out of current disposable income is unity. If
the marginal budget share aj of commodity j is independent of income,

the behavior of ligquidity constrained households is described by

n
(13> C c.. = aj(YDt+1 - YDt), E a, =1 (j=1,2,...,n),

jrtrt T it

21

where YD is real disposable income.
We assume that a constant fraction 1 of the poéq]ation is liquid-

ity constrained in the sense just defined, uwhile the remaining house-

holds in the population follow the permanent income hypothesis with

durability. The model to‘Be estimated is a weighted average of (14)

and (15). This model will be referred to as the augmented model.
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V. ECONCMETRIC ISSUES

In this section we deriQe'a set of overidentifyiné restrictions on
the cowvariances of releQant variaé]es implied by the augmented model.
These restrictions will serve as a basis for estimation and inference
that will be carried out in section VI. Nontechnical readers can skip
to the last paragraph of this section without losing continuity.

The discussion can be made clearer if we temporarily drop the
commedity subscript § and introduce the HousehaTd subscript i. To
exploit the information on expectations included in our data set, we

derive two eguations that involwve expectations from each of the two

equations (14) and (15). Taking expectations of both sides of (14)

and noting Eit(ei,t+1) = 0, we obtain
e _ - _ e - C_
(16a) Ci,t+1 Cit Peit + (di,t+1 pdit) (i=1,2,...,N),

where d° e+l = Eit(di,t+1) is the expectation of di held by house-

1l ,t+1

hold i at the end of period t, and N is the number of households in

the sample. Equations (16) and (16a) imply

(16b) C.. -C8. =e.,, +(d.. - d°

1t it Itj 1t it) (i=1,2,ooo’N)o

We note here +that dit and d?t differ across households because they

depend on preference shocks 7 and on the preference parameters (8,u)

t
that may differ across households (see (9)). Simi]ér]y for (15) we

obtain:

(17a) c C.. = atyD®

i,t+1 ~ “it i,t+41 ~ YDi¢)s

- re - _ e .
(17b) Cit Cit cx(YDit YDit) (;—1,2,.0.,N).
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Ue now allow for measurement error in (actual and expected) expen-

diture, so that (16) and (17) are rewritten as

(16a”) ci’?+1 " Cip = ety

(165’? Cie ~ C?t T eje T Ui

(17a”) CS ee1 ™ ci£.= «(YD] L,4 - YDi) ¥ vy

(1767 C,. - C, = «l¥YD, - YOS+ vy (i=1,2,..4,N),

where Cit and C?t'now stand for measured (actual and expected) expen-
diture. The "error terms (uiit’ Upigs Y40 v2it) are composed of
preference shocks, individual (household-specific) differences in
(B,4), and measurement error in expenditure.

Let 2 be the fraction of "liquidity constrained"' households in the
population (from which our random sample was drawn). For the.i-th

. . . . , e

draw from the cross—-section joint distribution of (eit'YDi,t+1 YDit’

—_ e . = 3
YDit YDit’ Ugse? Yoier Yiie® Yoids t 2,3,4), expenditure changes

] (=
Cy,t+17Cy¢ and €y ~C,

;¢ @re generated by (16a’,b”) with probability 1-2

and by (17a”,b”) with probability 1. So, for example, the population

mean of C?,t+1—cit is written as-
e _ = _ _' ' e _
E(Ci,t+1 Cit) (1-2)C pE(eit)+E(U1it)j + ZEaF(YDi’t+1 YDit)+E(v1it

)],

Here, the expectations operator "E", which denotes the population mean
associated‘uith the cross—section joint distribution, should be
clearly distinguished from the exﬁectations operator .Eit. which is
associated with the subjective distribution assumed by household i of
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future variables that are uncertain to the household., In particular,
we have that Eié(eit) = 0 but E(eit) i1s not necessarily zero as
explained in the last paragraph of section III.

Our basic assumption that is reguired for identification is that
preference shocks, measurement error in expenditure, and individual
differences in the preference parameter (B,Ml,#z,...,un) are all
uncorrelated (across households) with disposable income. So Ug e

_vRe
Usies Vs and Vpiy Bre uncorre1ated with YDY i, e+l YDit and YDit YDit'

Under this assumption we can obtain the following expressions for the

covariances (i.e., the population mean of cross products of the

- deviations-from their means) of .expected and unexpected expenditure ... ..

and income changes (hereafter we drop the household subscript i1 and

re—introduce the commodity subscript j)¢

(18a) Couw(C% -C. t’YD YD )y = —{1~ Z)P Covie, t’YDt+1 YDt) + lajTit,

Jst*l t+1

VAS) = (4 _vpe
(18b) Cou(C® i1+l t,YDt YDt) (1 l)PjCov(ejt,YDt YDt) + lajTZt’

(18c) Cov(CJt C ’YDt+1 YD ) = (1-D)Couvle. t’YD ,t+1hYDt) + lajTZt’

-c® —vhey = ¢1- _vhe
(18d) C°”(Cjt Cjt’YDt YDt) (1 l)Cov(ejt,YDt YDt) + lastt

(i=1,2,...4n3 t=2,3,4),

and

(19a) Var(YD$,,-YD) =

1 Tig?

—vie
(19b) Cov(YDt+ YDt,YDt YDt) =

1

ey = =
(19¢) Var(YDt—YDt) = Ty (t=2,3,4).,
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4

There are 3x4 = 12 covariances for each commodity | in (18) and 3x3 =
9 covariances for income in (19). So in total there are 12n+9 covari-

ances. They involve the following 8n+9 parameters:

1; Ply...,Pn; al’coo,an_l (no’te that Eaj = 1);
(20) Coue ;1) ¥DE, (=YD, Covle YD, ~YDE), J=1,....n and £=2,3,4;

Tit’ T2t’ Tst, t=2,3,4.

That the 12n+9 covariances are functions of the 8n+9 parameters is the
set of overidentifying restrictions implid by the augmented model.

Let 8 be a vector of the 8n+9 parameters in (20) and g be a vector
of the 12n+9lcovariances in (18) and (19), The set of ovegidéntifying‘
restrictions can be written compactly as g = g(8)., It is‘eaéy to see
that g(8#) is twice continuously differentiable and that 6g(8)/88 is of
- full rank unless 2 = 0 or 1. Let 8" be. the true value of 8. It can
be shown that g(8) = g(8*) implies 8 = 8%, namely the model is identi-
fiable. Since our data are a random sample, the 12n+9 dimensional
vector of sample covariances g conuverges almost surely to g(8%) and

1/2

the limiting distribution of N Cog-g(8*)] is normal with mean zero

and some wvariance matrix A. If expenditure and income changes have

fourth moments, then the sample variance V of cross products of expen-—

22

diture and income changes converges almost surely to A. We can then

apply Propositions 1 and 2 in Chamberlain L[1982] to show that the

~

minimum distance estimator & of g, which is obtained from

(21) minimize S(8) = NCg-g(8)1 v L

Cg~-g(@)1,
P .

coﬁverges almost surely to the true value 8%, is asymptotically
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normal, and the asymptotic wvariance is consistently estimated by

1[89(9)/99]}_1. Furthermore, the minimized distance

(Cog(8)/861°V
sc§> is asymptotically distributed as chi-squared with the degrees of ..
freedom equal to the number of overidentifying restrictions. UWe can
use this statistic fé test the overidentifying restrictions.

We now make several remarks on the estimation strategy just pre-
sented. (i) A natural guestion arises as to why we do not look at the
covariances between current éxpenditure changes and lagged income

changes 1ike COuch —cjt,vni—vnt_l). As explained in the last

s t¥1
‘paragraph of section III, even if expectations are rational, such
covariances are not-neceSsari]y-ﬁero and have to be estiﬁated..‘ﬁdding _ -
those to the list of covariances merely increases the number of para-
meters without increasing the number of restriqtiéns. (ii) We have

made no assumptions about the serial correlation of income, preference
shocks and measurement error in.expenditure. This is why the set of
covariances in (18) does not include autocovariances in expenditure

and income changes. (iii} Sincg expected changes from 1981:Q2 to Q3

are available, (18a) and (1%a) could be used not just for t=2,3,4 but

for t=1. Doing so would only introduce .an unidentifiable parameter
Cov(ejl,YD;—YDi) when Py = 0. (iv) Without the expectations data, it

is impossible to identify the parameters (l,ai,...,an,Pl,...,Pn_i),

unless we impose the orthogonality condition that forecast errors are
uncorrelated with lagged variables across hou;eho1ds. Unfortunately,

as shown in Table V, that condition is violated by the data. This

study is probably the first not to impose this type of orthogonality
conditions. (v) Our minimum distance estimator does not require

expenditure and income changes to be normally distributed. As dis—
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cussed in Chamberlain [19821, the quasi-maximum likelihood estimatér

+ 4

—— which maximizes the normal likelihood function even ?hough the
distribution is not necessarily normal -— is consistent but the true
asymptotic variance is not given by the standard information matrix
Formu]a.23 In addition, our minimum distance estimator is moré
efficient than the quasi—maxiﬁum likelihood estimator. (vi) It is.
necessary to assume that (at least one) income change is measured
without error. If income is measured with error, and if income
measurement error is uncorreTaéed with expenditure measurement eror,
then the 7°s in (18) and the 7’'s in (19) are no longer the same, which
renders A unidentifiab]é unless we place an arbitﬁary restriﬁtion on
one of the 7°s in (18). But this model with income measuremeﬁt error
but with one arbitrary restriction on the 7°s in (18) did not improve

the fit significantly.2?

We therefore assume Tor the rest of this
paper that there is no income meaéurement error.

To summarize; Under the assumption that preference shocks and
expenditure measurement error are uncorre]ated-uith income and that
there is no income measurement eréor, the augmented model (14) and
(13) imposes a set of overidentifying restrictions that the 12n+9
covariances in {(18) and (19) are functions of 8n+9 parameters listed
in (20)., Autocovariances in expenditure changes are not included in
(18) because we make no assumptions about the serial correlation of
preference shocks and‘measurement error. Our estimation strategy is
the minimum distance procedure of choosing parameter values that mini-

mize a suitably defined "distance” between the sample covariances and

the corresponding covariances predicted by the model.
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VI. RESULTS

.

To obtain good starting parameter estimates, the joint minimum
distance procedure (oF‘estimating all the parameters simultaneously)
is first broken down into seven commodity-wise estimation procedures.
In other words, for each coﬁmodity Js» the twelve covariances in (18)
are paired with the nine covariances in (19) and a minimum distance
procedure is applied to those twenty—-one covariances.25_ This gives
consistent estimates of pJ and laj For.each commodity j, and an esti-
mate of 4 of 0.15 is obtained by summing the commodity-wise estimates
of laj over j. However, for C1 (food), the durability parameter Pi
fluctuates around zero and does not convérge in the minimization
iterations, and for 02 (rents, fuel and utilities) only, the éggmented
model (18) and (19) just cannot match the sample cowvariances. This is
not surprising because most expenditures in C2 cannot actually be
changed on a quarterly basis.,

In the joint estimation, we therefore drop 02 and set py = 0.
Fortunately, the commodity-wise estimate of the marginal expenditure
share @y for C2 is only 0.018, so dropping C2 will not change our
estimate of 2 significantly. There are 12x6+9 = 81 covariances to
match and 8x6+9-1 = 256 parameters to be estimated. The number of
overidentifying restrictions (which include Py = 0) is thus 25. The
results from the joint estimation are reported%in the left half of

Table VI.%%

The durability parameter p exceeds unity for C3 (clothes)
and CS (recreation and education), but is not significantly different
from, say, 0.9. On the other hand, Cd (durables) does not come out to

be highly ‘durable’. This may be explained by the lumpiness of dur-—
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ables, an element that is not incorporated in our theoretical model
but is present {B Table I, The fraction X of liquidity constrained
‘households whose total expenditure tracks income is sharply estimated --
to be 0.16. With Cz-dropﬁed, the augmented model is successful in
mimicking the samplg covariances: the “distance’ betueen'the sample
covariances and thg fitted covariances implied by our parameter esti-
mates is 34, which is not a surprisingly large value from a ¥(25)
distribution., Table VII shows the two sets of covariances for food.

Seasonality in our model is represented by preference shocks 7,
which show up additively in the expenditure equation (14) and hence
do not change the covariances in (187 and (19). To see if this addi-
tive specification of seasonality is appropriate, seasonally édjusted
sample covariances are calculated using the same multiplicative sea-—
sonality factors that we used in the right half of Table III. Since
the equation (153) Tor liquidity constrained households should be in
seasonally unadjusted variables, disposable income as well as expendi-
ture on commodity | are multiplied by the same seasonality factor
specific to commodity j. This means that seasonally adjusted income
changes are different across commodities, so the commodity-wise mini-
mum -distance estimation is used. The resulting parameter estimates
are shown in the right half of Table VI. They are not grossly differ—
ent from the parameter estimates on seasonally unadjusted data.

On the whole, then, the empirical evidence points to a high degree
of durabiiity for most of the commodities usually labeled as services
or semi-durables. But is ‘this coﬁsistenf with time-series evidence?

This is an important guestion to ask because on the U.S. aggregate
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time-series data changes in expenditure on nondurables and services as

a whole are very much like white noise (Hall C19783). The Japanese

-,

National Income Accounts have two different classifications (by type
of product and type of expenditure) of personal consumption. expendi-
tures. Durables in the first classification seem to correspond to Cd
in our data set. The second classification includes six types of
expenditure which are listed in Table VIII along with durables., They
correspond roughly to Cl’ C2, C3, CS’ Cé and C7 in our data set. For
those_comﬁodity groups, we estimate the following equation using the

National Income Accounts data:

(23) C = const. + seasonal dummies + ajoln(1+r.

j,t+1bcjt iyt+t’

*a(CiCy g Ty Gy L o)t ag(Cy 50 )

+ a.,(YD_,,-YD) + error (5=1,2,000,7).

jd t+1

This is a weighted average of (12) —-- the autoregressive equation for

the permanent income hypothesis — and (15). So 250 = (1—l)uj, ajk =
—(l—l)ij (k=1,2,3), and ajd = laj and the error term includes fore-

cast errors. In (23), Tn(i+r, )} and YD

Jryt+l t+1
1n(1+rjt) and (YDt~YDt_1) as they can be correlated with forecast

-YDt are instrumented by

errors. The resulting parameter estimates are given in Table VIII.
The ccoefficients of lagged expenditure changes'are mostly negative,
which is consistent with the permanent income hypothesis with dura=-
bility. As in Table VI, C3 (clothes and footwares) and CS (recreation
and education) are most durab]e, Eut their estimated durability is not

as large.
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VII. CONCLUSION

This study has shown that ménf of the commodities usualiy labeled
as nondurables and services have long—lasting effects on preferences.
Expenditure and consumptién should thus be treated like investment and
capital in the"investment theocey. The relevant price for expenditure
'is the user costs of capital, not.commodity prices., The study also
shows that there is a payoff from diséggrébating total expenditufe
into components as the degree of durability differs across components.

Since the existing literature has ignored the durability of commo-
dities, its estimate of the fraction of 1iquidity ceonstrained house-
holds is likely to be biased upwards. What appears to.be the excess.
senditivity of current expenditure to income is partiy attributab]g to

durability.
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APPENDIX A: PROOF OF (4)

This appendix proves (4) under two alternative assumptions.

Case 1: M is small relative to T and FiLs = a for all s>t and j.
]
Let tyt+k_= Et;F1+rj)BMUj(t+k+1) - MUj(t+k)]. Then (3) becomes
M Bk
2 Ly ., = 0.
kog Ttk jk

This must be true at any future point in the remaining lifetime, so

L
k _ — _
k§0(5y5+k 8 pjk) =0, s = t,t+l,...,t+T-1.

where L = min(t+T-s,M) and & e+T

tions operator Et on both sides of this equation to obtain

-ESEMUj(t+T)]. Apply the expecta-

( Bk ij) = 0, s = t,t+1,ooopt+T_1,

0 X otk—t

™M

(A1)
: k

T This is an m—th order difference equation in X

where x
If the terminal value Xt is given, (A.l) can determine the remaining
value XQ#Xqre oo r Xy (The Tifetime budget constraint is necessary to
determine the value of xT.) Since kajk is declining in k and posi-
tive, the difference equation is unstable, so that the initial value

X9 must be small relative to the terminal value. In fact, if T is

infinite, then Xg = 0.

Case 2: pjk is geometrically declining in k, p is known in t, and

Jet¥l
Tit+rl T Ty, 2

With o, = (pj>k, (2) implies T, . =C. + p.C Consider the

it it JTi,t-1

following small deviation from the optimal decision rule: reduce
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current expenditure on commodity | by one unit and increase the next
period’s expenditure by P units. Since this deviation means an

additional saving of p._ in period t, the additional income in period

JE

++1 is (1+R p. 2.p Note that this deviation leaves C.

it dd,t+l? Jst+l

unchanged From its level implied by the optimal decision rule. This

small change should neither decrease nor increase the objective func—
tion, so that

(A.2) MUj(t) =‘BEt{vt+1E(1+Rt)th - P.p

J J,t+lj}’

where Vil is the marginal utility of income in t+1, which follows

(A.3) v, = (1+R )BE (Vt+ ).

t 1

IFf P t+1 is known at t, (A.2) can be rewritten as

BE (v ).

The right hand side of (A.4) has the interpretation of the ‘user cost

of capital” adjusted for the marginal utility of income. Nouw

E E(1+r ’t+1)BMUj(t+1)]
= E E(1+r ,t+1)B(1+r',t+2 Q. )pJ t+2BEt+1(vt+2)] Cby (A.4)1
_ '1 . :
= E E(1+r t+1)ﬁ(1+r 42 P Y{(1+4r. ,t+2 pj,t+1vt+13 Cby (A.3)1.

I+ rj,t+1 = Sy this is equa]-to MUJ(t) by (A.4).
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APPENDIX B: TIME AGGREGATION

There is no reason that the length of the unit period for the

household’s optimization is exactly one guarter. The purpose of this

appendix is to show that the quarterly model -- equation (12) of the
text —— can be derived as an approximation to the continuous—time
model .

The continuous—time version of (8) is
(B.1) Ctz") - C(7) = elT,T7), E.e(t,77) =0 for 77 > 7,

where the commodity subscript j is dropped and the intercept term

is ignored for simplicity. Let t =-0,1,2,... be points in

dJ'.t+1

continuous calendar time that mark the end of each quarter. Set T = t
and 7 = t+1 to obtain

(B.2) | CCer1) —BCE) = elt,t+1), E,elt,t+1) = 0.

In the continuous~time model, C is related to C by

(B.3) €y = 12 puIClT-v)dv,

Combine (B.2) and (B.3) to get

(B.4) e(t,t+1) = f0p(VIC(E+L-u)dy = /7 p(vIC(t-v)dv. ‘

Now, consider the following step function as an approximation to 2(u):

(B.5) p(v) = p(0) for 0KWCL, B(V) = p(1) for 1<{W(2, etc.
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Then we obtain

I

(B.6) e(t,t+1) f:;(Q)C(t+1—v)dv - /zB(v)c<t—v>dv

P(O)(Ct+1 - Ct) + P(l)(Ct - Ct—l) R
where Ct is a unit average, i.e.,

(B.7) C. = /i_,Ctrdr.

t 1

Note that e(t,t+1l) is orthogonal to information available at the end

of period t since Ete(t,t+1) =0, In (12) e is used for -e(t,t+1).

t+1

UNIVERSITY OF TSUKUBA, JAPAN, AND
NATIONAL BUREAU OF ECONOMIC RESEARCH, U.S.A.
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FOOTNOTES

1. In this paper the permanent income hypothesis is taken to mean
that households optimize their intertemporal utility function subject

to the lifetime budget constraint.
2. See Mervin King [1983] for a survey of recent contributions.

3. Most recently, Eichenbaun and Hansen [19843] and Dunn and Singleton
£1984] have studied the durability of commodities using U.S. aggregate

time—series data.

4., The expenditure data refer to the full cost of purchases even

though full payment may not have been made at the date of purchase.

S. OFf the 2,707 cases, 331 cases did not report actual wvalues, and
399 cases did not report expected values for all the relevant vari-
ables. Thus we are not deliberately dropping households which. cannot

&

form expectations.

6, The reason for doing this is to treat homeowners and nonhomeowners
symmetirically. Rents should include imputd rents for homeowners,

which will disappear when expenditure changes are taken.’

7. One case reﬁorted about 3.8 million yen for "other expenses” in
~period 1., This was a clear outlier. (The next highest value was
about 1.2 million ven.) Four cases reported temporary income for
period 1 in excess éf 10 million yen. If the -four cases are included,
the sample standard deviation of temporary income in period 1 nearly
quadruples. Another case reported temporary income in excess of 10
million yen in period 2.  The remaining seventh case reported expected
normal income for period § of 19,890 thousand yen. Since its actual
normal income in periods 1,2,3 and 4 is 1,980 thousand yven, we con-—

cluded that the number was wrong by one decimal.

8., If (i) actual or expected expenditure exceeds 3 million yen in any
of the commodity groups excluding durables, or (ii) actual or expected
temporary income exceeds 10 million ven, or {iii) expenditure or

income variables change by one decimal, then the case is deleted.
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9. The Annual Report on the Survey of Family Consumption {(The

Economic Planning Agency) has quarterly time-series data from 1977:Q2
on average expenditure. UWe estimate multiplicative seasonality
factors using this time—series data and use them to perform seasonal

adjustment on the present data set.

10, Four additional variables —— AGE, its square, FSZd—FSZ3 and its
square —=— are also included in the autoregressions. Many of them are

insignificant.

11, This argument implicitly assumes that the correlation (across
households) between forecast errors and lagged information is zero,
which is not necessarily true even under rational expectations. See

the next paragraph.

12. This is pointed out by Chamberlain [1982]1. Suppose, for example,
there is a totally unexpected inche tax reform in period t' that
slashes the tax rates for the rich. The forecast error YDt—YD: will
be positive for the rich- and negative for the poor. So the covariance
(across households) between the forecast error and Ythl,.which equals
. -1 N e
plim N z (YDit—YDit)YD

N-o i=1 ire-l

(where N is the sample size and i is the household index), is posi-

tive.,

13. Examples that uses this type of orthogonélity conditions are HMall
and Mishkin [19821, Hotz, Kydland and Sedlacek [19821, and Bernanke
£19847.

14, We omit leisure choices by assuming that utility is separable
across leisure and consumption goods. Anyway, there is no information

on labor supply in the present data set.

15. This first-order condition assumes that the (physical and psycho~-
logical) stock of consumption is not tradable. The argument in this
section will hold if durables are tradable. The first-order condition
also ignores the nonnegativity condition on expenditure, which, as

Table 1 shows, is often binding for durables.
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16. OF course, this does not imply that the real rates actuzlly do

not change over calendar time,

L]
-

17. Equation (7) can also be obtained by imposing conditional nor-—
mality assumption on expenditure levels. See Hansen and Singleton

£19837.

18. Appendix B shous that approximately the same equation can be
derived from a continuous—time model uwhere C's in (12) are unit

averages over period of an arbitrary length.

19, As long as the household’s economic age is greater than one
quarter as of 1981:02, the initial condition problem does not arise

here. Equation (14) is a slight generalization of the equation
derived by Mankiw [19821.

20, The difficulty is that the relevant interest rate, which may
depend on disposable income when ‘the household is borrowing, is
exogenous uwhen the household is lending at the margin. The after—tax

real rate r. in .d, also depends on the marginal tax rate on

ist+l J.t+1
interest income. Since interest income is virtually tax—free in
Japan, it is reasonable to assume that the real rates are the same
across households. Shapiro [19841 exploits the cross—section varia-
tion in the after—-tax real.rates caused by variation in the marginal
tax rates among households in the United States. At any rate, on our
pane] data the model in which the real rate is a time—invariant func-—
tion of disposable income fails to fit the sample covariances of
expected and unexpected expenditure changes with actual disposable

income changes,

21. If (i) the distinction between consumption and expenditure is
ignored, (ii) the household is myopic in the sense that it maximizes
the instantaneous utility function subject to the budget constraint
“that total expenditure equals disposable incomé, and (iii) the utility
function is given by (5), then (15) with an intercept term can be
derived with a; = uj and YDt = nomina1 disposable income deflated by

= ﬂjpjt' See Pollak [1971]. The intercept term is ignored in (15)
because it does not affect the subsequent discussion.
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22. See (4,5) in Chamberlain [1982] for the formula for V.
23. Hall and Mishkin [1982]1 and Bernanke [1984] use the quasi-maximum

likelihood procedure.

24. The model with income measurement error and with one arbitrary
restriction has eight additicnal parameters. The reduction in the
distance (21) due to\the increased number of parameters is 7.946, which
is not surprisingly large for a variable from a 2(8) distribution. In
this minimum distance estimation with income measurement error, data
on C2 are not used and Py = 0 is imposed for reasons explained in the
next section., The estimate of ¢ and « are similar to those in the
left half of Table VI. If the sample include all households, the
reduction in the distance (21) is about 19, which is significant at
close to the 1 percent level. The estimate of 1 if the sample
includes all households is ébout 0.22 with a standard error.of 0.036 -
when the identifying restriction with income measurement error is that

the 733 in (18) equals the 733 in (1%9c).

25. The minimization algorithm that we use first transforms the
distance into the sum of squares and then applies a localily available
subroutine for minimizing a sum of squares by a modified Levenberg-
Margquardt—-Morrison method. The convergence criterion is that itera-

tions continue until no parameter changes by more than 0.01 percent.

26. As the reader may have noticed, our estimation ignores the role
of family size and age. If we use as our basic income and expenditure
changes the residuals from regressions.of raw changes on AGE, AGEz,
change in FSZ and its square, it makes little difference to the
results. In fact, we have: 1 = 0.1465 (0.021), Py = 1.44 (0.36), fp
0.72 (0.19), 1.26 (0,203, Pe = 0.34 (0.26), and Py = 0.13 (0.18).

pg =



-37-

TABLE I

MEANS AND STANDARD DEVIATIONS OF LEVELS®

s e e i i e e e S —————— — —

Variable 1981:Q2 1981:Q3 1981:Q4 1982:01
C, (food) 213.9 218.0 241.6 216.3
(84.1) (84.3) (96.8) (86.7)

£0.03 £0.03 £0.03 - £0.07]

C, (rents and 66.7 65.2 74.9 74.7
utilities) (44.8) (43.4) (47.9) (44.3)
£0.0021 £0.0013 £O.0013 £0.0013

C5 (clothes) 52.8 50.4 72,9 53.4
(74.5) (78.1) (75.6) (61.5)
" £0.023] £0.027] £0.0133 C0.0361

€, (durables) 59.4 61.0 66.0 42.3
(167.4) (183.2) (144.0) (121.7)
LO.4183 £0.4101  '[0.314] £O0.4487

C5 {recreation 178.4 186.9 1¢8.8 182.9%
& education) (187.4) (157.2) (1465.3) (180.7)

: CO0.03 L£0.03 £0.03 £0.03

C¢ (medical) 20.8 21.5 23.8 21.8
(38.3) (31.3) (39.3) (38.6)
£0.0%3] £0.0841] £0.079] £0.0841

C. (other) 154.6 161.0 180.6 147.7
(109.5) (113.3) (123.4) (95.6)

£0.0003 £0.0003 £0.01 £0.001]

CON (total) 743.5 760.7 857.6 733.2
(399.1). (377.8) (390.4) (356.0)

£0.01 £0.07 £0.01 £0.03

YD (disposable 887.46 04,9 1,151.2 745.8
income) (493.7) (A22.6) (55%9.4) (326.5)
£0.03 £0.0003 £C.03 £0.0001

D ek n ettt e T A T —

a. In thousands of 1980 vyen. Sample standard deviations are in
parentheses. The numbers in brackets are the fraction of the
sample (of 2,007 households) which reported zeros for the variable
in question. If no households reported zeros, "0.0". is entered in
brackets.
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TABLE II

ACTUAL AND UNEXPECTED EXPENDITURE AND INCOME CHANGES®

1

o 4.1
(47.7)

c -1.5
2 (32.5)
C -2.4-
3 (78.2)
Cy 1.5
(228.5)

c 8.5
3 (165.2)
C 0.7
6 (41.9)
c 6.4
[ (89.7)
CON 17.2
(322.5)

YD 17.3
(443.0)

_Oo?
(48.1)

_006
- (28.7)

6.8
(33.0)

27.5
(172.7)

16.3
(104.4)

4.3

C(29.6)

12,6
(79.2)

64.9
(233.35)

29.6
(198.6)

a. Sample
1980 ven.

23.6
(49.2)

9.7
(33.1)

22.4
(76.7)

5.0
(214.0)

11.9
(147.35)

2.3
(41.8)

19.6
(21.1)

96.8
(250.2)

246.4
(367.2)

13.6
(49.1)

2.3
(32.2)

16.1
(59.6)

19.8
(130.3>

21.4
(101.7)

2.8
(36.8)

15.7
(83.9)

90.9
(226.1)

67.1
(177.5)

standard deviations are in parentheses.

-25-2
(53.5)

_001
(32.3)

-19.5
(71.6)

-23.7
(179.3)

16.5

(1468.9%9)

_2.0
(48.1)

"32‘9
(84.0)

-124.3
(292.4)

-405.5
(359.2)

_0Q6
(46.7)

3.3
(27.0)

11.0

(30.00

16.7

-(111.1)

20.8
(116.7)

2.1
(33.2)

3.6
(36.0)

35.3
(196.2)

23.0
(123.4)

In thousands of
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TABLE III
+ SAMPLE AUTOCORRELATION OF CHANGES

i e et R e e e e Y Y - S i e o et . S . S e ey ey SR RS St S i S o S S o e e

Seasonally Adjusted

Variabie e e e -
‘autocorrelation autocorrelation
first second first second

order order order order

Cl —0.2469%%* -0.102%%* ~-0.304%** -0.085**¥*
—0.4986%** ~0.421%*%*

02 —0.303*** "00034 _0.338*** —0-034'
—00540*** —00503***

CB “0.408*** _00128*** “0.504*** —0.102***
~0.439%** ~0.263%%%

Cy ~0.555***  0.000 ~0.588*** 0,020
—01d69*** _0.355**ﬂ

CS -0.418%** 0.007 -0.409%"* 0.000
-0.483%%* —0.&52*f*

86 —0.353%** -0.031 -0,349%** ~-0.028
_00500*** .. _Oodda***

C? ~0,459%** -0.068%** -0.,493%** ~0.061"*
~0.541%%* -0.480%**

CON ~0.450*** -0.,049% —D.467%"* -0.050%*
“0.454*** -00382***

YD -0, 563%** 0.071™™ -0.,639%*¥ 0.023
—-0.683%** -0.480%"**

L k. . g e Pt . S S T S —

St e o

a. Two first-order autocorrelation coefficients are calculated.
The numbers that first appear in the column for first-order
autocorrelation are the correlation coefficient beteen X3-X2 and

X2-X1, and the numbers that appear below them are the correlation
. Coefficient OF XA—XS and XS-X2 (x =-Cl’ Czpooogc?’ CON, YD).
¥ Significant at the 5 percent level.

** Significant at the 1 percent level.
**X Significant at the 0.1 percent level.
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TABLE IV

EIGHT-VARIABLE VECTOR AUTOREGRESSION

———————— significant c 2
first feedbaclk SE R
equationa
' second from:
C, (food) ~0.80%** Cé* 44,3 0.31
! ~0.28**¥
C2 (rents and “0060*** Cé* Iy YD* 25.9 0-36
utilities) —~Q,21%%"
C3 (clothes) -0 .54%%* none 58.9 0.32
—0034*** -
C4 (durables) —0.57*** none 147.5 ¢.33
. -0.,30%**
C5 (recreation ~0.86T*** none 142.1 0.29
& education) =-0,23%*%* '
C, (medical) —0.68%** none 39.9 0.31
: -0.28"*%-
C7 {other) —0, 687" 02* . C3* 63.1 0.43
-0.38%** :
YD {(disposable -0 ,92%%* none 219.3 0.63
income) -0,35%%

a. The deﬁendent.variable in the C1 eguation, fTor example, is the

Cip = C

14 13°

change in food expenditure from 1981:Q4 +to 1982:QR1, namely

b. The presence of feedback is determined by the significance of

two lags as a whole,

are used,

c. The sample standard deviation of the residuals.

* Significant at the 5 percent level.
** Significant at the 1 percent level.
¥*% Significant at the 0.1 percent level.

Heteroskedasticity—-robust standard errors
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TABLE V

CORRELATION COEFFICIENTS OF UNEXPECTED CHANGES WITH
‘LAGGED UNEXPECTED AND ACTUAL CHANGES

Correlation Coefficient of Xd~X§ with:

Variable (X)-

e _e - -

X5=X3 XX X5=X5 Xp=X4
Cl "0.13?*** —09033 "0.145*** —0 06?**
C, —0.181%** ~0.019 —0.134%*%* ~0.033
Cq -0.010 0.019% -0.035 ~0.007
C, 0.005 0.093%** ~0.099% ¥ 0.043
Cs 0.022 0.034 -0.054* 0.048*
C, -0.004 ~0.097***  —0.008 ~0.111%w*
c, -0.007 -0.043 ~0.035 —-0.074"*
YD 0.010 0.017 0.102%*¥

—— ey e

-0.093%"**

* Significant at the 5 percent level.
** Significant at the 1 percent level.

**% Gignificant at the 0.1 percent Jewel.
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TABLE VI
: PARAMETER gSTIMATESa

commodity Seasonally Unadjusted Seasonally Adjusted
group ‘ - - - - - -
e (#4 fe (o4
C, (food) 0.0P 0.10 -0.10 0.12
(0.013) (0.23)
C2 {rent & ———— ——— ——— ——
utilities)
C3 (clothes) 1.34 0.17 i.06 0.20
(0.29) (0.025) {0.22)
C4 (durables) 0.358 0.22 G.38 0.16
(0.18) (0.036) (0.24)
C5 (recreation 1.22 C.22 : 1.17 0.26
= & education) (D.20) (0.043) (0.19)
06 {medical) 0.30 0.02 G.48 0.04
- (0.23) (0.010) (0.21)
C? (other) 0.12 - 0.27 . 0.23 0.24
(0.19) (0.030) (0.13)
2 0.159 "0.126
(0.020)

a., Standard errors in parentheses.
b. Constrained to be 0.0 in the minimum distance estimation.
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TABLE VII

~ SAMPLE AND FITTED COVARIANCES: FOOD®

Couv(CS

13~

c

12° 73

. e
Cov(C13 C12,Y02

Cov(C

Cou(C

Cou(C
Cov(C

e
Cou(ClS—

e- —
Cov(CiS Cld’YDd YDd

12°

e—
14

e—
Cov(C1d

13,
13~

e
Cir: YD,

Ci3
C,gYDg

1

c%.,YD.~

13’73

en—
Cid’YD

3

s YDe—

e-—

e
Cov(Clz—Clz,YD3

,YDZ—

e e_
C 3,YDa

YD2)

e
YDz)

YDZ)

e
YDz)

YD)
YD3)
YDg)
YD)

YDd)

€y

e e
COV(Cld_Cld'YDS—YDA)

Cov(Cld"

1

=

e
YDA)

1,841
=370
=733

834

776

-133
634

a. Income and expenditure are stated in thousands of 1980 ven.
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TABLE VIII

AGGREGATE TIME-SERIES ESTIMATES®

Commodity Groﬁp .
in the National 20 231 2j2 253 2id
Income Accounts

1. Food, beverages G.10 -0.10 -0.32 -0.09 0.025
and tobacco (0.11) (0.18) (0.14) (0.14) (0.016)
2. Rents, fuel b 0.10 -0.17 -0.38 0.04 -D.025
and utilities (0.08) (0.21) (0.19> (0.21) (0.014)»
3. Clothes and 0.00 -0.31 -0.54  -0.39 -0.005
footwares (.10 (0.18) (0.13) © (0.15) (0.003)
4, Durables 0.18. 0.04 -0.16 0.07 —d.UO?
(0.08) (0.15) (0.14) (0.15) (0.008)
5. Recreation 0.27 ~0.07 -0.49 -0.05 0.002
and education (0.10) .. (0.17) (0.15) (0.18) (0.009)
6. Medical care 0.03 -0.41 -0.24 c.14 -0.008

(0.40) (0.23) (0.20) (0.34) (C.006)

7. Other® 0.16 -0.25 0.06 0.21 -0.006
' (0.11)  (0.15) (€0.15) (0.14) (0.011)

a. Standard errors are in parentheses. The estimated equation is
(23) in the text. The data on expenditure are in real and per
capita terms. The interest rate on one—-year time deposits is used
for the nominal risk-free interest rate. The sample period is

1971:Q1 - 1983:Q1.

b. Rents here incliude imputed rents.

c. Communication and transportation are not included.






