
TESTING RATIONÀL EXPECTÀTIONS BEHÀVIOR TN CANAÐIAN
AGGREGATE CONSIJMPTION

by

Chae Kon Chong

A thes i s
presented bo the University of Manitoba

in fulfillment of the
Lhesis requirement for the degree of

Ðoctor of Phi losoPhy
in

Ðepartment of Ec onomi c s

Winnipeg, Man i toba

@ chae Kon chong, 1988



Perníeslon has been granted
to the Natlonal LíbrarY of
Canada to mlcrofi ln thís
t-hesis and to lend or sel1
copíes of the f ílm.

The author (copYríght owner )
hae reBerved other
publ icat íon rightB, and
ne í ther the thee i s nor
extensive extract6 fro¡n ít
may be printed or otherwise
re!roduced without hi s/her
written pernieeíon.

L'autoriaation a êtê accordée
å la Bibllothèque nat ionale
du Canaila de nicrofilmer
cette thèse et de prêter ou
de vendre dlee exemplaires du
fiIm.
Lrauteur (tftulaire du ilroi t
d'auteur) Ee rêserve les
autres droits de publ icat ion;
nl la thèee ni de longs
extraits de celle-cl ne
doívent être lurpr i mês ou
autrerìent reprodlu i tc 6ana aon
aut.or i Bation écrite.

rsBN 0-315-4?905-1



TESTING RATIONAL EXP ECTATIONS BEH AVIOR
IN CANADIÁN AGGREGATE CONSUMPTION

BY

CHAE KON CHONG

A tlìesis submitted to the Faculty of Craduate Studjes of
the University of Manitoba in partial fulfìllment of the ¡equirentents

of the degree of

DOCTOROF PHILOSOPHY

r989

Permission has been granted to the LIBRARY OF THE UNIVER-

SITY OF MANITOBA to lend or seil copies of rhis thesis. to

the NATIONAL LIBRARY OF CANADA tO MiC¡OfiINI thiS

thesis and to lend or sell copies of the film, and UNIVERSITY

IvfICROFILMS to publish an abstract of this thesis.

The autho¡ reserves other publication rights, and neither the

thesis nor extensive extracts from it may be printed o¡ olher-

wise reproduced without the author's wrjtten pernrission.



I hereby declare that I am the sole author of this thesis'

I authorize the University of Mânitoba to lend this thesis
!o other institutions or individuals for the purpose of
scholarly research.

I further authorize the University of Manitoba to reproduce
this thesis by photocopying or by other means, in total or
in part, at tñe- requesl of other institutions or individuals
for the purpose of schoLarly research.

chae Kon Chong

Chae Kon Chong

- 11 -



The University of Manitoba requires the signatures of aI1
persons usin-g or photocopying bhis thesis. PIease sign
below, and give address and date.



ABSTRACT

Consumer behavior has been one of the most important

areas of research in economics. By applying the rational

expectations approach to consumer behavior r HãI1 argues that

the life cycle-permanent income hypothesis implies that

consumption follol¡s a random !¡alk with drift. The random

walk model of consumption indicates that the best forecast

of future consumption is today's level of consumption

adjusted for trend. Since this argument has a great

influence on designing macro policies' there has been much

research to test the hypothesis' However, in spite of the

J.arge volume of research to test the hypothesis during the

past decade, the research is inconclusive.

The purpose of this study is to shed some 1i9ht on the

controversy in order to understand lhe Canadian aggregate

consumption behavior. To accomplish this, the findings from

recent research on this subject are reviet+ed and the random

walk hypothesis is reexa¡nined using Canadian aggregate data.

Since the random walk is a special case of nonstationary

time series, the recent deveJ.opments on nonstationary time

series analysis, such as Box-Jenkins' ARrMÀ model analysis

in time domain and spectral analysis in frequency domain,

are used to tes! the theory in this thesis. Specifically,

1V



this thesis tests the theory by estimating a combined model

of the random wal.k hypothesis and the Keynesian consumption

function using transitory income calculated by aI1 available

detrending procedures. The detrending procedures applied

here are traditionat linear det.rending, differencing,

detrending by state space model, and detrending by spectral

analysis. For estimation of the combined rnodel in this

study, the tlro stage least squares method is applied to

avoid possible simultaneous equation bias. The estimated

results from lhis model are not subject to the spurious

regression problem since only differenced series are used.

This thesis also tests the random waLk hypothesis by

estimating this model based on the specification of the

error correcting model of consumption.

The test results, using Canadian data' support the random

walk hypothesis of consumption, indicating that optimal

decisions of Canadian consumers induce a stochastic trend in

the consumption series, The test results of this thesis

will help pol-icy makers underst.and consumers behavior rvhen

they design economic policies which affect consumers I

dec i sion making on expenditures.
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1.1

Chapter I

I NTRODUCTI ON

StalemenL of the Problem

The study of the relationship between consumer spending

and income has been considered one of the most important

topics in macroeconomics. Keynesian macroeconomists argue

that a direct relationship exists between consumption and

the current Ievel of income. Hov¡ever, the Keynesian

consumption function failed to explain the stylized fact:

over short periods of tine, consumption changes less than

the amount by which income fLuctuates; over long periods of

time, real GNP and consumption expenditures grow at about

the same rate so that consumption expenditures maintain, on

the average, roughly a two-thirds share of Lhe GNP.1

Furthermore, economisLs wished to find theoretical bases for

the basic postulates of Keynes and have provided a micro

foundation for macroeconomics. Consumption functions can be

derived from the basic microeconomic principle that

consumers behave to maximize utility subject to the

constraint of Iifetime available resources. For these

reasons, Franco Modigliani's life-cyc1e hypothesis ( 1954,

'1 963) and Milton Friedman's permanent income hypothesis

1 This stylized fact is weLl sho!¡n
figures in this thesis are drawn by

-t-

in figure 1.1. ÀI1
the sÀs/cRÀPH system.
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(1957) were !ridely accepted as Lhe theoretical derivation

and the econometric form of the aggregate consumption

function. For example, consufnption was regressed on a

distributed lag of current and past income. Muth (1960)

showed that a geome!r'ic distributed lag was optimal under

ralional expectations r¡ith a certain special stochastic

process for income.

The practice of estimating the aggregate consumption

function in the above way has been challenged since the

emergence of rational expectations literature in early of

1970s. Lucas (1976) criticized that the consumption

function specified by the permanent income hypothesis

asserts a stable structural relation betv¡een observed income

and permanent income, but the relationship may be al.tered by

the change in stochastic policy and we can not rely on

policy analysis based on that consumption function.

To soÌve the Lucas' critique and the exogeneity problem

of income in consurnption function, HafI (1978) derived the

EuIer equalion for the implication of aggregate consumption

behavior under the Iife cycle-permanent income hypothesis

r¡ith rational expectations. By assuming a quadratic utility

function and a constant real interest rate, HalI showed that

the EuIer equation characterizes that consumption follol¡s a

random walk !¡ith drift. HaIl reporled that the postwar U.S.

quarterly seasonally adjusted data supports the modeI.

However, Flavin's ( 1981 ) test results, which used the same

-3-



data, did not support the model. The difference between

Hal1's and Flavin's test r¡as that the latter included more

lagged vaLues of income and used detrended data derived by

regressing the natural logarithms of consumption and income

on the time variable,

Further testing on the Hall's random ¡,¡aIk of consumption

model has folLowed, but no clear conclusion has been derived

from the testing of the theory, although more research

reported the rejection of the pure life cycle-permanent

income hypothesis under rational expectations. At the same

time, many suggestions have been provided to save the life
cycle-permanent income hypothesis under rational
expectations. They argued that the excess sensitivity of

consumption to current income may be caused by one of the

fo1).owing: i nappropr iate deLrending procedure for
nonstaLionary income, existence of Iiquidity-constrained
individuals, use of a different data set, causality from

consumption to income, nonseparability of utility function,

or misspecification of model.

The controversy surrounding the testing of the random

walk hypothesis has not been settled yet even if there has

been a large volume of research on the Lopic. Nevertheless,

this issue is very irnportant in analyzing the effectiveness

of slabilization policy and in discriminating new classical
theory against traditional Keynesian theory.



1.2 Obiectives of the Study

The stochastic relationship bet!¡een consumer expenditure

and income is an important issue in macro policy analysis.

The effect of change in macro policy on incone can be

measured through the multiplier, which is determined by the

marginal propensity to consume out of disposable income. A

simple Keynesian view of consumers believes the stability of

the multiplier effect, since consumption is a direct
function of iniome in the Keynesian model. In this view,

the income changes caused by the macro policy tool have

powerful effects on countercycLicaJ. stabilization since the

income changes cause change in the large component of

aggregate demand (consumption) .

In contrast, the life cycle-permanent income hypothesis

of consumption considers that consumers revise their optimal

consurnption plan only when they perceive income changes as

permanent rather than temporary. This alterna!ive view sees

that the income changes by anticipated stochastic policy

have no role as a countercyclical sLabilization tooJ.,

especially under rationaÌ expectations. Thus, the

effectiveness of a policy depends on how sensitively
consumers respond to changes in income.2 If the J.if e cycLe-

permanent income hypothesis explains consumer behavior

better than the Keynesian model, policy makers must kno$¡ hor,¡

consumers perceive the permanence of income variations in

ty-constrained consumers shor¡
response to change in incorne.

-5-
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order to predict the effect of policy.

Therefore, the validity or inva).idity of the Iife cycle-
permanent income hypothesis under rational expectations has

very important implications for the design of macro economic

stabilization policies. If consumers behave following

traditional Keynesian theory, the government can affecL

aggregate demand by a transitory income change, for example

via a transitory change in taxes. On the other hand, if
consumers behave according to the Iife cycle-permanent

income hypothesis under rational expectations, the

transitory change in fiscal policy has only a negligible
effect on aggregate demand. Although the practical

importance of discriminating one theory from the other is
enormous, the empirical test results by a large volume of

research have not achieved a unanimous conclusion yet. This

fact provides the motivation for this study.

The purpose of this study is to shed some light on the

i.ssue using Canadian aggregate data. Specifically the

HaIl's random walk model of consumption is tested against

the Keynesian consumption function in a nested mode1.

Considering that most empirical tests have been done with

U.S. data, the formal test on the theory using Canadian data

provides not only another test result for different data

set, but also a profound understanding of Canadian aggregate

consumption behavior. By testing the theory, we can find

¡vhether Canadian consumers are f orr,¡ard looking and what



proportion of Canadian, if any, are J.iquidity-constråined or

myopic consumers. The results on this research provides

imporlant impl ica! ions for future Canadian governmen!

policies, such as social securiLy, fiscal, and monetary

policy, which affect consumers' decision making on

expenditures,

1't ScoÞe of the Studv

In this study, the twin disciplines of rational
expectations and cleared markets will be embodied to analyze

the stochastic rel-ationship of consunption to income. This

general equilibrium approach avoids internal inconsistencies

and provides a better understanding of lhe real world as it
has aLready shown its successful performance in

microeconomics. By buil-ding macro models based on micro

foundations, lre can acquire insights about the laws of the

motion of economj.c aggregates. By solving the consumer's

intertemporal optimization problem with the dynamic

programming method,3 the optimal control rule for consumers,

which reflecÈs an individual's intertemporal preferences and

the expectations held by consumers, can be easily derived.

3 Dynamic programming is a recursive method for solving a
special class of constrained-optimum problems applying the
"principle of optimality". The principle of optimality
states that. an optimal rule has the property that,
l¡hatever the initiaL sÈate and decision are, the remaining
decisions must constitute an optimal rule with regard to
the state resulting from the first decision. See Bellman
(1957) for the details of the method.



For the problem of a representative consumer v¡ho seeks to

maximize expected lifetime utility subject to Iifetime
income stream constraint, Ha11 ( 1978) derived the EuIer

equation solution.4 The Euler equation shows the equal.ity of

the marginal rate of substitution between consumption this
year and consumption next year to the present discount cost

of a unit of future consumption. By assuming a quadratic

utility function and constant real interest rates, Hall

argued that consumption obeys a random walk, apart from

trend: Ac(t) = u + p(L),s where ¡¡ is drift and z(t) is a

random variable whose expecbation at time t is zero.

The random walk model of consumption is the model used to

test the life cycle-permanent income hypothesis under

rational expectations. In order to make the general

equilibrium model tractable enough for macroeconomic models,

the random walk model of consumption was derived by imposing

restrictions on preferences, technologies, and endowments

patterns in a particuJ-ar way. Since a variety of such

restrictions can be made, it is questionable Ìthether the

theory can be tested based on estimated results of the model

derived with specific assumptions. However, vÌe can

interpret any rejecLion of the model as a failure of the

a For mathematical derivation of the Euler equation, see
section 2.2 or see Hal1 (1978) and Sargent (1987) for the
deta i 1s .

s FIavin ( 1981 ) elaborated
= p + oe 1¡) + 4(t)r where
time t-1 and t period
permanent income and t(t)

this model and showed that AC(t)
e(t) is the innovation between
in consumers' assessment of

is consumpt ion disturbance,
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underlying theory, although only a particular simpte version

of the dynamic optimization problem can be tested. The

reason for this is that the utility of a theory as a

frarnework for undèrstanding economy wiIl be caLled into
question if the theory fails when expressed simpLy.

Probably the best way to Lest the theory is by tracing
sample households' consumption behavior over a sufficient
time period as in the HalI and Mishkin (1982) and Hayashi

(1985) studies. Ho!¡ever, testing the theory by this kind of

research is not easy since we face practical difficulties to
get such micro data. One advantage of using the random walk

modeL of consumption is that it enabl-es us to test the

theory using aggregate time series data, which can be easily
obtained. Furthermore, recent advancements in time series

analysis, such as ÀRIMÀ model analysis in time domain and

spectral anaJ.ysis in frequency domain, provide very useful

techniques for analyzing the random walk model, To

summarize, this study tests the Iife cycle-permanent income

hypothesis under rational èxpectations by estimating the

random walk model of consurnption using Canadian aggregate

time series data.



1,4 Orqanization of the Studv

The organization of this thesis is as follows. Chapte r

I I reviews recent research on the subject, First, it

reviews the Lucas' critique on Lhe pure life cycle-permanent

íncome hypothesis and then shorvs HaIl's random walk model of

consumption as a solution to the critique. This chapter

also discusses the other researchers' empirical test results

and some explanations for the rejection of the life cycle-

permânent income hypothesis under rational expectations.

Chapter III reports the Canadian evidence on the random

r,¡aIk model of consumpt.ion. Since the modern rejections of

Iife cycle-permanent income hypothesis began with rlavin's
(1981) findings, my starting point is to examine her

argument carefully. The puzzle is why Flavin reported very

strong rejection using formally eguivalent to HalI's test.
Follor,ring the arguments of Ne1son and Kang (1981), Mankiw

and Shapiro (1985), and Nelson (1987), this chapter

investigates r¡hether, in fact, Flavin's rejection of the

theory simpLy reflects an appropriate sensitivity of

consumption to current incone along with the effects of an

inappropriate detrending procedure. Recently Dickey and

Fuller (1981 ) and Sch!¡ert ( 1987) found that most

macroeconomic variables show nonstationary behavior. If

income process is a random wa1k, the coefficient of lagged

income in Flavin's ( 1981) paper can not be identified.

Furthermore r !he significance of the coefficient is

- 10 -



attributed to the spurious regression problem of NeIson and

xang (1981), since FIavin applied trend-stationary processes

instead of difference-stationary processes for detrending

the data. This issue is discussed in the chapter, Finally,
an alternative test on rationality of consumers behavior is

a).so performed.

Chapter IV develops a nested model to avoid the spurious

regression problem involved in testing the theory.

Fotlowing the suggestion of Davidson and MacKinnon (1981),

the random walk hypothesis and Keynesian consumption

function are combined into a single model to test lhe

theory, and the model is estimated by a th'o stage least

squares method. By estimating the modef based on different
detrending procedures, it is possible to achieve a

conclusion which is not sensitive to detrending procedures.

Chapter V reviews a cointegraLing and error correcting
model of consumption as an atheoretical approach to

aggregate consumption behavior and shows that the random

walk model of consumption encompasses the atheoretical
model. The theory is also tested by estimating the model of

chapter 4 based on the specification of the error correcting
mode I .

Chapter vI presents the thesis' summary and conclusion as

welL as some suggestions for further study.

-tt-



Chapter I I

REVIEW OF THE LI TERATURE

Lucas Critique on the Pure Life Cyc1e-Permanent Income
HyÞothes i s

Àccording to the pure 1i fe cycle-permanent income

hypothesis,6 consumers plan to spend an appropriate fraction
of the estimate of their entire future lifetime's income

stream. ln practice, the expected future income in the

hypothesis has been estimated by relating past and current

observed income in the form of a geometric distributed lag.

Specifically, as Friedman (1963) proposed, Friedman's

permanent income is taken to be a weighted average of past

and present income, assumed to decline geometrically

back¡,¡ards in time, if the weight used in average past

incomes is the same as the discount factor used in averaging

future incomes.

What Lucas (1976) cri!icized about this practice is that

consumption based on the estimate of future income by the

process of past and current incomes may not be affected by

thè change in stochastic policy, whereas thè variance of

consumption is affected. Since change in the policy

6 Friedman's permanent income is considered to be the same
as the annuity value of total Iifetime incomes in
Modigliani model, so the two hypotheses are combined.

-12-



increases the variance of transitory income and lowers the

weight used in averaging past income,T the correcl estimate

of expected future income, including stochastic policy

effect, requires the revision of the weight used in

averaging past incomes. Faifure to do so results in

prediction error of consumption with response to policy

change, Thus, the relationship betlreen consumption and

income, shown by Friedman's permanent income hypothesis,

should be changed whenever the stochastic policy changes the

estimate of expectations of future incone.

The Lucas' critique means that the parameters of the

consumplion function are related to the parameters of the

permanent income generating function. Since Èhe reduced-

form equations are derived from structural equations, the

parameters of reduced-form equations r¿i11 change if the

parameters of structural equations change. In fact, the

parameters of the consumption funcLion of Friedman's

permanent income hypothesis are functions of the parameters

of the permanent income generating function.

Ànother problem !¡ith the estimation of the life cycle-
permanent income hypothesis consumption function is the

"exogeneity" of the income variable. When it is not clear

¡,rhether income causes consumption or vice versa, there is no

reâson to specify that consumption is a function of past and

7 Àccording to Muth's (1960) formula, the weight used in
averaging past incomes depends negatively on the variance
of transitory income.

- 13 -



current income. s Sargent (1978) showed an ambiguous result
that, in the Granger (1969) "causality" sense,s income is
exogenous with respect !o consumption for the seasonally

adjusted postwar U.S. data, and income is not exogenous with

respect to consumption for the seasonally unadjusted postwar

U.S. data.

Application of the simultaneous-equations econometric

techniques may be suggested for estimation of consumption

function, but it is not easy to find instrument variables

which have close relationships with income and yet are

exogenous in respect to consumption at the same time.

HalI (1978) developed an alternative econometric approach

to the study of the life cycle-permanent income hypolhesis

consumption function where none of the right-hand variables

is exogenous.

About the same t ime , Sargent ( 1 978 ) also devetoped, by

imposing rational expectations on lime-series models,

another econometric estimation technique for Friedman's

consumption function under rationaL expectations for the

cases of income as exogenous variable and i.ncome as

endogenous var iable.

Haavelmo (1943) and Friedman and Becker (1957) showed that
consumption function would be distorted if income e¡as
treated as exogenous.

Àccording to Granger's (1969) definition, a process X is
said to cause a process Y if, given past values of Y, past
values of X help predict future Y.

- 14 -



The HalL's Random Walk Model of Consunption

Lucas and Sargent (1981) referred to models of optimizing

agents as "rationaL expectations modeIs".lo AppJ.ication of

rational expectations to consumption function means that

consumers make intertemporaJ. optimizing decisions and

maximize the expected future discounted utility function

subject to the expected discounted lifetime income.

Recently, following pioneering work of HaII ( 1978) , many

researchers have begun to emphasize explicit modelling of

intertemporal optimizationll in consumption function to

solve Lucas (197 6\ critique.

To review HalI's (1978) results, we begin by setting up

the folLowing intertemporal optimization problem. The

consumer max imi ze s

T -t
E(t) ; (.1 + 6¡ utc(t)l

t=0
(2.1)

t0

subject to the intertemporal budget constraint

T -t¡(t) = x (1 + r) [c(t) - Y(t)]
t=0

(2.2)

11

Historically speaking, the originaL definition of
rationaL expectations is from Muth (1961). He defined
expecLations to be "rational" if expectations of
individuals tend to be distributed, for the same
information set, about the prediction of the theory.

Intertemporal optimizing behavior has also been applied
to investment function and asset market analysis by many
resea rcher s .

- 15 -



where E(t) = conditionat expectation at time period

ô = rate of tine preference

T = Iength of lifetime
U = strictly concave utility function

C = c on sumpt i on

À = amount of asset

r = interest rate

Y = labor income

The solution for the above maximization problem by

dynamic programming will be the following Euler eguation

1+ô
E(r)u'[c(t+l)] = ( ------- ) u'tc(r)l

1+r
for afl t=0,.. . ,T-1

(2.3)

The Euler equation shows that the conditional expectation

of future marginal utility of consumption is a function of

today's level of consumption aLone. If the utility function

for the consumer is quadratic and the interest rate equaLs

the rate of time preference, then consump!ion itself obeys a

random walk with a trend (HaII 1978, p.975 and 1987, p,6-7).

c(t) = trc(t-1) + e(t) Q.4)

equals one. This Ha11's

wa1k" hypothesis came from

hoc nonoptimal distributed
the assumption of rat i ona 1

where À=[(1 + ô)/(1 + r)] and

striking result of the "random

replacing the assumption of an ad

Iag of adaptive expectations r,¡ith

_ 16 _



expectations in the expectation formation of future incomes.

Under rationaf expectations, all other variables are

irrelevant in predicting the level of consumption, since the

value of previous consump!ion incorporated all information

about the consumer at that time. Therefore, lagged values

of actual income have no explanatory power once one lagged

consumption variable is i nc luded. The "random walk"

hypothesis can be tesled without any assumptions abou!

exogeneity by checking whether only consumpt ion lagged one

period has a nonzero coefficient in the regression of the

consumption function and all other Iagged variables do not.

To find empirical evidence, Ha11 (1978) examined

seasonally adjusted quarterly U.S. data on the consumption

of non-durable goods and services for the period 1948 to
1977. FirsL, he regressed consumption on its ov¡n past

vaLues, and repor ted

c(t) = 8.2 + 1.130 c(t-1)
(8.3) (0.0e2)

- 0.113 c(r-4)
( 0.093 )

- 0. 040 c(r-2) + 0. 030 c ( t-3 )

(0 .142) (0 .142)

(2.s)

R2 = 0.9988 SER = 14.5 Ðw = 1 .96

vrhere the standard error of coefficients is given in

parentheses. In the above equation, only the coefficienL of

C(t-1 ) is statistically significant. Il means that

consumption does no! have a definite cyclical pattern and



only the first lagged value of consumption helps predict

curren! consumpt ion.

Secondly, HaIl examined the following equation to assess

whether information from lagged period Levels of disposable

income, Y(t-i), helps explain current consumption.

c(t) = 25+
(11)

12
E p(
1= I

1 .113 c(r-1 )

( .0s4 )

12
+ z B(i)Y(r-i), (2.6)

i=1

i) = 0.077

( 0.040 )

R2 = 0.9988 SER = 14.6 Dw = 1.92

The resul-t of an F-lest for above eguation teLls us that
12-quarter Almon 1ag cannot compete with one lagged

consumption as a predictor for current consump!ion, From

these empirical findings, HaLI concluded that disposable

income has no predictive po¡,¡er in the regression of

consumption on its own lagged vaLue and lagged disposable

income. Therefore, the "random waIk" hypobhesis of

consumption was shown as a surprisingly good

approximation.l2

l2 HaIl (1978) discovered that lagged market value of
corporate stock as a measure of r,¡ealth had a
statisticalLy significant coefficient in the consumption
function, but its additional contribution to the
explanation of consumption was quite minor.
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Àlthough HalI's test supported the life cycle-permanent

income hypothesis r,¡ith rational expectations, his

consumption function was not completed, in the sense that no

equation for permanent income has been developed in his
model. The policy impJ.ication of his result is that policy

affects consumption only through changes in permanent

income. Ho!¡ever, we cannot predict the policy effect on

consumption without having an explicit definition of

permanent income. The next section will review some more

tests on life cycJ.e-permanent income hypothesi.s models with

rational expectations, in which permanent income is
explicitly defined.

2,3 Tests of Life Cycle-Permanent Income HvÞothesis under
Rational Expec ta t i on s

2.3.1 In!roduction

Sargent (1978) defined permanent income as the average

discounted value of expected current and future disposable

incomerr3 and proposed the following simultaneous-equations

System.

c(t) = BYP(t) + u(t),

YP(t) = (1 a) L a
i=0

B>0

E(r)Y(r+i),

(2.7 )

0<¿<1 (2.8)

r 3 This
Mut h

definition
(1e60).

of permanent income is originated f rorn
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where YP is permanent income. He estimated lhe

consumption function by assuming thaL consumption and

disposable income are generated by a bivariate
autoregressive process. A likelihood ratio test iS used to

test the restrictions implied by the permanent income

hypothesis r,¡ith rational expectations. The result of

Sargent's test was that consumption was related only to
contemporaneous income.

This Sargent's result contradicts Ha11's random walk

hypothesis. To reconcile the conflicting empirical evidence

of Hall' s and Sargent's papers, F]avin (1981 ) developed a

structural model of consumption on which she believed Hall's
reduced form was based. Às Flavin has shown, Sargent's

def inition of permanent income cannot be derived from

intertemporal optimizing consumer's behavior, since future
disposable income includes returns from savings which should

not affect current consumption decisions. Therefore, she

defined permanent income as the annuity value of net worth.

æ i+1
YP(t) = rlA(t) + t {1/(1 + r)}

i=0
E(t)Y(r+i)l

(2.9)

Flavin showed that application of this particular
definition of permanenL income to Sargent's formulation of

restrictions led to the same parameter restrictions tested

by Hall. This means that the different. results of Sargent

came from his incorrect definition of permanent incone.

20



Next, she tested the validity of HaIl's random walk

hypothesis. An auLoregressive-moving average model was

specified for income series to quantify the revision in

permanent income induced by the innovation in the current
income process. She elaborated Ha11's random r,¡a1k modeL of

consumption as follovs:

Ac(t) = t + v(t),
z(t) = o.1¡) + a(r)

!¡here e(t) is the innovation

period in consumers' assessment of

is consumption di sturbance. To

the change in income AY(t) 'as a

equat i on.

aC(t) = ¡¡ + pAy(r) + p(t)

(2.10)

between time t-1 and t
permanent income and 4(t)

test the theory she added

regressor for lhe above

(2.11)

If the coefficient of the change in income, p, is
significant, the theory is rejected. This indicates that
consumption is excessively sensitive to current income,

since innovations in income which provide new information

about future income and signal changes in permanent incomes

is already included in the equation and change in income

AY(t) should not have any explanatory power to change in

consumption, For the empirical test, using multivariate
least squares method, she regressed income series by AR(8)

model and regressed change in consumption on change in
current income and changes in seven lagged incomes, and
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found that the coefficient of AY(t) is 0.355 and is
significant for the detrended U.S. data by the linear
detrending procedure. From hhese test results, she

concluded that consumption is excessively sensitive to
current income.

This excess sensitivity of consumption to current income

does not necessariJ-y mean that consumers are "myopic" or

non-rational. RecentIy, a Iarge number of researchers have

provided some reasons why an individual's consumption

behavior is excessively sensitive to current income rather

than following r,¡hat the life cycle-permanent income

hypothesis predicts. They argued that excess sensitivity of

consumption to current income may be caused by ( 1)

inappropriate detrending procedure for non-stationary

incorne, (2) existence of liquidity-constrained individuaJ.s,
(3) use of a different data set, (4) causality from

consumption to income, (5) non-separability of the utility
function, and (6) misspecification of the model. In this
section, we will review several occasions where life cycle-
permanent income hypothesis r,¡ith rational expectations can

be reconciled with the excess sensitivity phenomenon.

2.3.2 Nonstationar itv of Income

First, the "excess sensitivity" of consumption to current

income has been criticized, since the resuLt of Flavin's
(1981) analysis can be accepted only when the íncome process

-22-



is stationary. Nelson and Kang (f981) have shown that if a

fitted trend is removed from a random walk, then the

resulting detrended data r¿i11 appear to be an autocorrelated
stationary time series. Since FIavin imposed stationarity
on the income process by removing a fitted trend, this rnay

cause the excess sensitivity of consumption to income.

Mankiw and Shapiro (1985) pointed out that inappropriate
detrending could make consumption appear to be excessivety

sensitive to income when it is actual.ly not. Further,
Nelson (1987) argued that the coefficient of lagged income

may simply reflect the effects of an inappropriate
detrending procedure rather thàn an appropriate sensitivity
of consumption to current income. Hol¡ever, McCalIum (1986)

revealed that income is, in fact, stationary in a

multivariate income forecasting model for the Canadian

postwar data, and concluded that marginal propensity to
consume out of current income is "excessive" in terms of the

permanent income hypothesis.

2.3.3 Liquidity-constrained Consumers

Second, some researchers argued that the empirical
rejection of life cycle-permanent income hypothesis nith
rational expectations reflects liquidily constraints rather
than myopic or non-rational behavior. In his pioneering

paper, Ha11 (1978) discussed the issue of excess sensitivity
of consumption to transitory flucÈuations in income by

-23-



liquidity-constrained individuals as foIIows. If a fraction
of the population is liquidity-constrained, that fraction of

the population wiLl consume a1l of its disposable income.

The total consumption of the population is the sum of

consumpbion from liquidity-const.rained consumers, C1 (t), and

consumption followed by Euler equation ru1e, C2(t). That

is,

where a is a proportion of total income earned by the

liquidity-constrained fraction of the population. I f
disposable incone is given a univariate autoregressive
process of second order, i.e. Y(t) = prY(t-1) + prv(t-2) +

u(t), then total consumption will be

E[c(t)] = Ic(t-1) + o(pr - I)Y(t-1) + apzy(r-2) Q.14)

HaII's empirical result of regression of C(t) on C(t-1) ,

Y(t-1), and Y(t-2) was that the coefficient of J-agged income

was shown to be statistically insignificant. This means

that p1 = tr and pz = 0. That is, consumption and disposabJ-e

income obey exactly the same stochastic process, random

wal.k, and observed income is equal to permanent income.

Therefore, consumption of al-l its disposable income by

liguidity-constrained individualsrla does 1it!1e more than

c(r) = cr(r) + c2(r)

c(t) = øv(t) + Ilc(t-1) aY(r-1)l + e(r)

Q.12)
(2.13)

Ha l1 and Mishkin
households faI I

is sonewhat more
than it r,¡ould be

ra Using a panel data of U.S. households,(1982) reported that about 20 percent of
into this category. Thus, consumption
sensitive to change in disposable income
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to folfow the life cycJ.e-permanent income hypothesis.

Hayashi (1992] formulated the folloving opt imal

consumption rule for the household's intertemporal

optimizat ion problem,

c(t) = p[À(t) + H(t)] + u(t) (2.15)

where É = the propensity to consume ou! of total income

A = real nonhuman lrealth

H = real human wealth

This formulation of the hypothesis is more general than

Flavin's (1981) since the discount rate for future labor

income is not conslrained to be equaL the rate of return
from nonhuman wealth. He considered the above consumption

function for "wealth-constrained" individuals. To include

consumption for liquidity-constrained individuaLs, Hayashi

generalized the above consumption function as:1s

c(t) = B[À(t) + H(t)] + ¿y(t) + u(t) (2 . 16)

r¡here ¿ is the liquidity-constrained individuals'
proportion of disposable income. In the above equation, the

coefficient of disposable income @ should be zero not to
reject the pure Iife cycle-permanent income hypothesis.

Estimating the equation by nonlinear instrumental variable

in an economy w i thout
ts Davidson and Mac k i nnon

nest ing" to choose
alternatives.

Iiquidity constraints.
( 1981 ) discussed this "artificial

one hypothesis from among
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technique to avoid the explicit treatment of human wealth,

Hayashi reported the high estimate of the coefficient of

current income. The estirnated result of significant
coefficient of disposable income indicates that a sizable
fraction of the popuLation is li.quidity-constrained
individuals. I 6 Therefore, he concluded that the high

correLation between aggregate consumption and aggregate

disposable income does not necessarily mean that consumption

is a function of disposable income, and may reflect an

imperfect capital market in which the borrowing rates are

substan!ialIy higher than the lending rates.

Bernanke (1984) found no evidence that the life cycLe-

permanent income hypothesis needs to be rnodif ied for
Iiquidity constraints or capitaÌ market imperfections in his
application to panel data on automobiJ.e expenditures. The

response of expenditures on automobiles to transitory income

change is as predicted by the permanent income hypothesis.

He concluded that relative prices, interest rate, and

"confidence" may contribute to observed short-run
variations.

Flavin ( 1985 ) argued

consumption to current income

of I iquidi ty constraints.

excess sensi t ivi ty of

be traced to the operation

individuals are liquidity

r6 Hayashi (1982) found that Liquidity-constrained consumers
account for about 17.1 percent of all personal.
consumption expenditures on services and nondurables,
plus the value of service flows from consumer durables in
postwar U. S. data.

that

can

If

-26



constrained by capiLal market imperfections, the non-zero

marginal propensity to consume out of transitory income may

be consistent with a broadly defined life cycle-permanent

income hypothesis with rational- expectations. She compared

the random walk model of consumption with the Keynesian

consumption function to see whether the observed excess

sensitivity of consumpbion arises from capitaL market

inperfections or myopia. To test the life cycle-permanent

income hypothesis against the Keynesian consumption function
she specified the foLlowing eguation in which lhe tlro

hypotheses are combined.

ac(t) = ÀaYP(r) + ¿[aY(r) AYP(r)) + ^r\z(t) (2.17 \

The above equation can be rewritten as foLlows:

Ac(r) = (l _ ¿)¡yp(t) + o¡y(t) + ?Az(r) (2.18)

If the estimate of the coefficient of Ay(t), a, is non-

zero, then it may indicate that there is some el-ement. of

truth to the Keynes ian vi ew of consumpt ion. For a

specification test for the Keynesian consumption function,
an additional variable Z, aggregate unemployment ratertT was

included as a proxy for liquidity constraints. I f the

additionaL variable has a statistically significant
coefficient, then we conclude that the Keynesian consumption

function is incomplete or incorrect.

l7 Mccallum (1986) noted that the power of Flavin's test may
be ruined because unemployment rate and detrended income
has a high collinearity.



According to FIavin's empirical result, the estimate of

the excess sensitivity of consumption to current income

drops from 0.368 to 0.146 and becomes statistically
insignificant after including the unemployment rale as a

proxy for Iiquidity constraints. Furthermore, the

coefficient of thè unemployment rate is significantly
negative, meaning that the unemployment rate is a good proxy

for Iiquidity constrainLs and the Keynesian consumption

function with non-zero marginal propensity to consume out of

transitory income is an incomplete model. From this
analysis, Flavin concluded that excess sensitivity of

consumption can be explained by liquidity constraints.

Hubbard and Judd (1986) anaJ.yzed the Liquidity constraint
arising from a nonnegativity constraint on net worthrs in
the life cycle model. Young and 1ow-income households who

earned less than $15,000 a year had especially low levels of

f inancial- assels so that they were not permitted to borrow

against income Lo be received in the future. Therefore,

their consumption cannot exceed current resources. Hubbard

and Judd found that, in the case where the elasticity of

substitution in consumption is 0,25, for example, the

constrained capitaL stock is 35 percent larger than the

unconstrained capital stock, with borrowing constraints
binding on 19 percent of the population receiving 11

rs This notion of liquidity constraints reflects large
transaction costs and the possibility of bankruptcy ín
explaining borrowing restrictions. In Hayashi's (1982)
and Flavin's (1985) anaJ.ysis, J.iquidity coñstraints were
caused by imperfect information in the loan market.
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percentle of disposable income. From this prediction, they

concluded that liquidity constraints may have an important

role as a preexisting distortion in the determination of

consumption in a life cycle model.

In conErast, McCalIum (1986) argued that a broadly
defined permanent income hypothesis should be rejected even

with Liquidity constraints. Às Blanchard (1981) noted,

liquidity constraints do not imply that anticipated
decreases in income lead to antic ipated movements in
consumption.2o Liguidity-constrained individuals would not

reduce consumption by ).ess than the amount predicted by the

permanent income hypothesis. That is, consumption should

not respond to anticipated decreases in income. To test the

hypothesis, consumption is specified as foll.ows and

est imated.

ac(t) =

l¡he r e ÂUY

AÀY +

AÀY -

@o + crAC(t-1) + az AUY(t) + asAAY*(t)

+ a.4AAY- (t) + osAXi(t) + u(u) (2.19)

= unexpectèd change

= positive value of

change in i nc ome

= negat i ve value of

change in i nc ome

1n l ncome

anticipated

anticipated

19 This resuLt is ìower than Hayashi's ( 1982) estimate of
17.1 percent for the fraction of disposable incone earned
by j-iquidity-constrained individuals.
This is because the responses of consumption to positive
and negative changes in income are asymmetric.

20
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AXi = change in government purchases, M1 , and oil"

price

For the postwar Canadian data, he reported that the

coefficient for AÀY- (t) is 1.36, whiJ.e the coefficient for
AUY(t) and AAY.(t) are only 0.12 and 0.14, respectively.
From this result, he concluded that if liquidity constraints
are the only source to save the theory, lhe permanent income

hypothesis should be rejected in favor of the "non-rational
hypothesis".2l

2 ,3 ,4 Data Set

Third, the inadequate treatment of data, for example,

durables expenditure and measurement error, might lead Èo

incorrecL rejection of the Iife cycle-permanent income

hypothesis.

Mankiw (1982) expanded Ha]1' s ( 1978 ) f rame¡,¡ork to show

that durable good expenditure should fo11ow a mixed

autoregressive moving average process, ARMÀ(1r1), instead of

an autorègressive process ÀR( 1 ) . He derived the EuIer

equation for durable goods as:

g1¡+1) = ðao + orC(r) + u(t+1) - (1 - ô)u(t) (2.20)

21 However, with ÂXi(t) (current-dated) in the equation(2.19), the permanent income hypothesis already hás been
rejected in favor of some unspecified alternative.
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where ô is the depreciation rate of the consumer's stock

of durable goods. From the above equation we observe that
if the deprecialion rate of durable goods is one, i.e. ô =

1, then the consumption function will be ÀR(1), which is the

special case that HaIl considered. Estinating this eguation

for the postwar U.S. data of nondurable goods, he reported

that the depreciation rate of durable goods is l.038, with a

standard error of 0.082. This means thaL consumer

expenditure on durable goods does.not foIlow .the ÀRMÀ ( 1 ,1 )

process derived by Mankiw, but an ÀR(1) process, the same

stochastic process as HalI found for nondurable goods and

services. He suggested that this result may be caused by

the similarity in !he stochastic structure between

expenditure on durables and expenditure on nondurables and

services. lt may be possible to consider that some

nondurable goods and services are actually partly durable.
À good example is a pleasure trip.22 It is physically
perishable, but it is also durable in the sense that the

good memories of a trip may have a lashing psychological

effect.

Bernanke (1984) also tested the joint rational
expectations-permanent income hypothesis for durable goods

using panel data on automobile expenditures. By maximizing

the quadratic utility function in respect to intertemporaL

budget. constraints, he derived a nècessary condition and

generalized ib to include the effect of transitory changes

22 Hayashi (1985), p1 084.



in income as f ollows:

E(r) = tr[K*(r) _ r(r)] * e(t) + 74(r) (2.21)

where E

K*

K

À

e

= family expenditure on automobiles

= desired car stock

= actual car stock

= rate of stock adjustment

= random infLuences on expenditures

= response of expenditure to change in current

i nc ome

= change in transitory income

He reported the estimate of the coefficient of change in

transitory income is negative, sma11, and insignificantly
different from zero. Thus, he found the results that
expenditures on car are not excessively sensiLive to changes

in transitory income, and that the capital market faced by

consumers is reasonably "perfect" and no liquidity
constraints exist..23 This result was unchanged in subsamples

segregated by famiJ.y holdings of liguid assets.2a

Hayashi (1985) rnade the distinction bet!¡een consumption

and expenditure since consumption and expenditure cannot be

equated. He took the durability issue into account by

assuming consumption to be a Koyck distributed Lag function

23 Hubbard and Judd (f986) argued that this result is
expected because automobile loans are self-
collateral ized.

2a For entire sample estimat.e, 7 = -0.0'1 36r for high
financial assets subsample estimate, .,t = 0.023, and for
Iow financial assets subsample estimater 7 = -0.053.
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of expenditure. He derived the muLti-commodity version of

HaLl's random walk hypothesis for the quadratic utility
function as folLows:

where C =a vector

e = forecast

4 = a vec t or

we can state the

expenditure changes and

against the alternative

E(t+1) - E(t) =

c(t+1) - c(t) = d(t+1) + e(L+1),

d( r+1) : 4(r+1) - n(r)

(2,22)

of consumption of n comnodities

error

of preference shoc k s

above Euler equation in lerms of

also generalize to test the theory

model of " I iquidi ty constraints".2s

- r) [{a(t+l ) - pd(r) } + {e(t+r )

pe(t)Ìl + Llv(t+1) - y(t)l Q,23)

(1

where E = a vector of expenditure

p = distributed lag coefficient
tr = a fraction of liquidity-constrained population

By estimating the above equation using a paneJ. data of

about 2 r 000 Japanese households for several commodity

groups, he found that there is around 15 percent of

liquidity-constrained households in the population. Thus,

only a small fraction of consumer changes is explained by

change in disposable i ncome.

2s Hayashi referred to this model as the "augmented mode1".
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Bernanke (f985) considered the integrated procedure for
the joint behavior of nondurable and durable expenditure to
increase the power of the test of. lhe permanent income

hypothesis. He derived the decision rules for nondurable

and durable goods under the two assumptions that the utility
function is non-separable in respect to nondurable and

durable goods and that there are adjustment costs in changes

in stock of durable goods. His empirical test, based on the

U.S. aggregate data, supported the Ftavin's (1981 )

conclusion that consumer expenditure is excessively

sensitive to disposable income. Thus, he concludes that the

assumption in the past works that nondurable and durable
goods are separable in utility function; is not a source of

bias in testing of the theory.

Miron (1986) examined seasonal fluctuations in
consumption expenditures as one of the possible expLanations

for rejecting the life cycle-permanent income hypothesis of

consumption. The stylized facts shov¡ tha! there are J.arge

seasonal fluctuations in aggregate consumption purchases.

He derived the stochastic Euler equation for the consumer, s

optimal consumption plan, inctuding the seasonaL

fluctuations, By estimating the Euler equation for the U.S.

aggregate data, he found no evidence against the Iife cycle-
permanent income hypothesis. From this analysis, he

concluded that seasonally adjusted or annual data gives a

bias to¡,¡ard rejecting Lhe theory.
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reason why seasonal fluctuations are well described by a

rational expectations model is because they are predictable

so that individuals can adjust their behavior accordingly.

ÀItonji and Sior¡ (1987) brought the measurement error in
i ncome into cons iderat i on when test ing the rat ional
expectations life cycle-permanent income hypothesis of

consurnption against the Keynesian model and the "tiquidity
constraints" model. They argued that the rejection of the

theory from the estimated resulLs using micro panel data

sets, which may contain substantial measurement errorsr fiây

be an artifact of measurement error in the income data. To

test their argument, they checked whether consumption

responds to the past values of variables, such as wage

changes, unemployment, and layoffs, and whether only the

change in unanticipated income matters to change in
consumption. From studying the micro data set of Èhe paneL

Study of Income Dynamics Individuals tape, they found that,
in the presence of measurement error in income, the test
results are favorable to the rational expectations tife
cycle-permanent income hypothesis, and are against the

Keynesian model and the "Iiquidity constraints" mode1. In
their analysis, measuremènt error played an importanL role
to save the theory since their results accepted the

Keynesian model if the measurement error in income is
i gnored .
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2,3.5 Causalitv from ConsumÞtion to Income

Fourth, the excess sensitivity of consumption to
disposab).e income may in fact show the response of income

with respect to exogenous change in consumption. The

stylized fact of relatively smooth behavior of consumption

expenditures compared to income may reflect the income

endogeneity. Sargent (1978) found that income does not seem

to be Granger-caused by consumption for the seasonally

adjushed data. Hovrever, McCaIIum (.f 986) rejected the

rational expectations life cycle-permanent income hypothesis

for the Canadian data even after considering the income

endogeneity problem.

2.3.6 Àssumption on Utilitv Function

Fifth, the rejection of the theory may be attributable to
the assumption of separability in the utility function. To

simplify estimation, the utility function assumed in most

empirical research is additively separable in nondurabLe and

durable goods, additively separabLe in consumption and

Ieisure, and additively separable over time. The relaxation
of one of these assumptions rnay change the test results not

to reject the life cycle-permanent income hypothesis. King

( 1983) argued that consumption itself does not f oLl-or¡ a

random walk unless consumption and leisure are separable in

utility function.
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However, from Bernanke's (1985) analysis, we have already
seen that the separable assumption of nondurable and durable
goods did not cause a bias in testing the theory.

Mankiw, Rotemberg, and Summers (1985) also found from

exanining pos!!¡ar ãggregate data, lhat taking account of the

utiJ.ity funcLion to be nonseparable in consumption and

leisure does not change the result that the seasonally

adjusted data rejects the 1i fe cycle-permanent income

hypothesis.

Barro and King (1984) discussed the time-separability26
of the utility issue, and concluded that separability in
utility did not restrict the size of the intertemporal
substitution effect. They could not accept that the habit
persistence model of non time-separabJ.e utility predominates

over the inLertemporal substitution model of time-separable

ut i 1i ty .

2,3.7 Misspecification of ModeI

Sixth, there are some other reasons suggested by

researchers to save the rejection of the theory. Sargent
(1978]. noted that consumers should be confronting not

incomes but prices at which they consume if their behavior
followed the equilibrium theories of business cycIe. Thus,

the EuIer equati.on used in most research may be a

2 6 This means that
current and future
treated as bygones.

past consumption does not influence
preferences since past consumption is
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misspecified redued form to express consumer's optimizing

behavi or .

For the convenience in empirical estimation, the utility
function is usually assumed to be a quadratic form or

constant rel.ative risk aversion form. However, the actual
func!ional relationship mighh not be one of these forms, so

that the real reduced form for the intertemporal
optimization problem for consumers may be different from the

random vraLk model of consumption used in most empirical.

research. Therefore, the observed rejection of the life
cycle-permanent income hypothesis may not be necessarily

rejection of the theory, but rejection of the functional
forms assumed for utility function.

Bernanke (1985) and Mankiw, Rotemberg, and Summers (1985)

suggested that the econometric methods of the representative
consumer approach used in the analyses are susceptible to
aggregation problem. This aggregation problem may explain

the rejection of Lhe theory in aggregate data.
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Chapter I I I

CANADIAN EVIDENCE ON THE RANDOM WALK MODEL OF
CONSTMPTI ON

Introduction

The permanent income hypothesis under rational
expectations has been tested by many researchers since the

seminal work of Hatt ( 1978 ) . By max imi z i ng the

intertemporal utitity function subject to life-time income

stream, Hal1 derived the Euler equation solution for the

consumer's optimization problem. Given the assumption that
utility is quadratic, he shov¡ed that the Euler equation
implies that consumption foLlows a random walk with drift
since the conditional expectation of future marginal utility
is a function of today's Ievel of consumption alone. The

random walk hypothesis of consumption implies that any

deviation of consumption from its trend is permanent and

unexpected, and today's Level of consumption adjusted for
trend is the best forecast of fut.ure consumption.

Às Cooley and LeRoy ( 1 985 ) argued, HaLl tested the

theoretical implication by checking whether lagged income

and consumption lagged more than one period fail to Granger-

cause c on sumpt i on . To support the pernanent income

hypothesis under rational expectation, Granger-causality
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should be absent; lagged income and consumption lagged more

than one period should have no explanatory power \,rith
respect to consumption. The assumption of rational
expectations holds t.hat any economic variable that is
observed in earlier periods should have no additional
explanatory polrer once one lagged consumption is included.
The theory l¡as r,¡eI1 supported by HatI' s empi r ical F-test ,

which used the U,S. postwar data; consumption obeys first-
order autoregression and the sum of the 1agged income

coefficients is slightly negative in the presence of past

c on sumpt i on ,

However, subsequent strucLural analysis by Flavin (1981)

revealed that consumption is excesóively sensitive to
disposable income.27 Flavin's rejection of the theory is a

puzzle because her test is formally equivalent to Ha1L,s

test, except for the use of detrended data to avoid

nonstationarity problem of the time series. data. NeIson

(1987) argued that the Flavin's rejection may reflect an

appropriate sensitivity of consumption !o current income,

along with the effects of an inappropriate detrending
procedure.

The recent work of many time series analysts suggests

that most economic time series are nonstationary and, in
fact, have unit roots. Nelson and Kang (1981) showed that

27 Flavin (1981) reported that the
excess sensitivity of consumption
change in income is 0.355.

point estimate of the
to the c ontemporaneous
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inappropriate detrending of nonstationary time series data,
which is a stochastic process with no tendency to return to
a trend 1ine, can produce spurious periodicity although the

underlying data have no cyclical properties. Therefore,

understanding of nonstationary behavior of consumption and

income process is necessary for aggregate time series
analysis of permanent income hypothesis.

Since the modern rejections of life cycle-permanent

income hypothesis were begun with FLavin's (1981) findings,
it is very important to seè whether her argument is stiII
valid afler applying the recent developments of time series
analysis. The main purpose of this chapter is to show

Canadian evidence of HaI1's and Flavin's test results and to
investigate vhether, in fact, the contradiction between

HaIl's and Flavin's results is attributabte to the

detrending of nonstationary income series. Àlthough this
chapter concludes that Flavin's rejection of lhe theory is
caused by the inappropriate detrending of data, this does

not necessarily mean that the theory should be accepted.

Therefore, an alternative tes! procedure r 2s which applies
the anticipated-unanticipated paradigm proposed by Barro
(1977), is also used in this chapter to test the rationality
of aggregate consumption behavior.

28 This test procedure was appJ.ied to test the theory for
U.K. and Germany by !^leissenberger (1985). The reasoñ why
Ì{e used this test procedure is that the test resulté
using detrended data and first differenced data are the
same.
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The organization of this chapter is as f ol1ol¡s. The nex!

section reviews Canadian evidence of Hall's and Flavin's
test on the life cycle-permanent income hypothesis under

rational expectations. This r¿i11 serve as a starting point
for later arguments since this research is intended to
understand aggregate consumption behavior in Canadian

context by figuring out the different results of the two

tests and Lesting the theory by an alternative nethod which

gives lhe same test results for detrended data and first
differenced data. In section 3, Flavin's test results are

reappraised based on the nonstationary behavior of income

series. In section 4, the test results of Weissenberger's

version are discussed. Section 5 presents conclusions,

3.2 Hall's and Flavin's Test Usinq Canadian Data

5.¿. t Ðata

In this section the stochastic implications of HaIl's and

Flavin's model of the life cycle-permanent income hypothesis

under rational expectations are tested using Canadian

quarterly data from 1961 : I to 1987: I I . The data for this
study was obtained from Income and Expenditures Accounts in

"CÀNSIM University Base" data bank,

To include only the component of consumption which is
easily and rapidty adjustabte to change in permanent income,

the consumption variable used is the sun of personal

expenditure on consumer non-durable goods (data bank number
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D20147 ) and services (data bank number D20141). Both rhe

expenditure on non-durable goods and services are in

millions of 1981 year dolJ.ars and adjusted for seasonaL

variations. To express in real per capita terms, the sum of

the two are divided by population (data bank number D1 ).

The income variable used in the estimation is personal

disposable income in real per capita terms. To construct
this variable personal disposable income (data bank number

D20111) , which ¡,¡a s in millions of current dollars and

adjusted for seasonal variations, was divided by implicit
price indexes (data bank number D20338) and muttiplied by

100, then divided by the population. The same definition of
consumption and income as HaLl's and Flavin's papers, i.e,
seasonally adjusted data in real per capita terms, is used

in the estimation to make the test results comparable !o
those of Hal1 and Flavin.

3.2,2 Hallrs Test

HaIl ran the regression of consumption on four lagged

values to test whether consumption can be predicted from its
own past val-ues. To support the theory, the estimated

result should have a positive intercept, a coefficient
insignificantly different from one for one period lagged

consumption, and coefficients of zero for any additional
1ags.
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The same model is estimated for Canada using the SAS

system for regression and obtains the result shown in tabLe

3.'l .

TÀBLE 3. 1

Consumption Function with Lagged Consumption

dependent var: C(t)
Equation consr. c(r-1) c(E-2) c(r-3) c(r-4) SER R2

(1)

(2)

50.970 0.996
( 2. 18 ) (224.8)

43.97 0.973 0.004(1.82) (9.45) (0.03)

?¿ qe n oaa

-0 ,227 34.60 0.998
(-2.22)

0.247
(1 .71)

Note: The t-ratios are in parentheses below
coefficients. Standard error of regression
is shown in dolIars. Sample size iã 105
for equation (1) and 102 for equation (2).

The t-values for the corresponding coefficients are given in
parentheses. The 5 percent critical t-value is
approximately 1.98. The coefficients of two and three
lagged consumption are not statistically significant at the

5 percent level of significance, whereas the coefficient of
C(t-4) is significant ah the 5 percent 1evel.2s The F-

statistic for the test on the joint significance of t.he

added variables is 1.68 for the equation (2), which is close

2e The significant coefficient of C(t-4) can be consideredreflècting the remaining seasonal factors to cause therelat i on ship.
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to Hal-l's test statistic of 1.7 for the U.S. data, and weLl

below the critical value of 2.7 at the 5 percent level of
significance. From this result the conclusion is that
Canadian evidence supports the theory and the result is
similar to HalÌ's, using the U.S. data.

The implication of HaIl's random walk model is that
consumption should not obey a second order difference
equation which is capable of generating stochastic cycJ.es.

HaII (1978, p.981) argued that rational consumers ought to
be able to offset any cyclical pattern and restore the

noncyclical optimal behavior of consumption predicted by the

theory. This means that the theory can also be tested by

examing whether changes i.n consumption are autocorreLated or

not. That is, to support theory the values of a(i)s in the

following eguation should be insignificant.

AC(t) = ¡¡ + @1AC(t-1) + ¿zAC( E-2') + o3ÂC(t-3) + e(t)
(3.1)

This test
equation can

1S

be

exactly the same as HalI's, since the above

rewr i tten as folLows:

c(t) = u + (1+or )c(t-1) + (az-at )c(r-2) + (as-az)c(r-3)

¿ec(t-4) + e(t) (3.2)

Since estimating the above equation by ordinary least
squares method has a mul!icollinearity probJ.em, for the same

test on the theory, the first differenced consumption
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eguaLion can be estimated by ARIMA(3r1,0) model. The

estimated result of the model using the SÀS system is:3o

Âc(r) = 28.23 - 0.01sac(r-1) - 0.013ac(r-2)
(6.92) (-0.15) (-0.13)

+ 0.241Âc(r_3)

(2.4e)
(3.3)

SER=33. 17 ÀIC=1037.23 eQ4)=25,02

where Â is the difference operator. The estimation of
consumpt ion by the ARIMÀ ( 3 , 1 ,0 ) model produced about 91 .43

per person per year improvement in standard error of
regression compared with equation (2) in table 3.1. Since

the Q-statistic of 25.02 is insignificant at the 5 percent

Ieve1,31 the model fits reasonably well according to the
Box-Pierce portmanteau test.32 AIso, the Àkaike Information
Criterion (ÀIC) value3s of the model is the smallest
compared !¡ith the ÀRiMÀ( l,1,0), ÀRIMÀ(2,1,0), and

ÀRIMA(4,1,0) models of consumption, meaning that
ÀRIMA(3,1 ,0) is the best specified model to describe the

data compared to the other models. To test the implication
of the theory , the s i gn i f icance of the est imated

3o The conditional Least sguares estimation method rs
appl i ed .

The upper and lower criLical values of O-statistic for 24
degrees of freedom at the 5 percent significance levelare 12.40 and 39.38, respectively.
See Harvey (1981) p148-150 for the test.
See Harvey ( 1981 ) p19-20.

3t
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coefficients were checked and only the coefficient of
difference value of three lagged consumption variable v¡as

slightly significant at the 5 percent IeveI of significance.
The meaning of the significant coefficient of AC(t-3) in the

above equation as well as C(t-4) in the equation (2) of
table 3.1 at the 5 percenL Level for the Canadian data can

be interpreted as showing that there may still remain some

seasonal factors to cause the relationship, even though the

seasonally adjusted data is used.

Hall (1978) also tested the theory by checking whether

Iagged income helps predict consumption. If consumers were

rational, they should use all avaiLable information,
including information on income, to make their best

consumption decision and lagged income shouLd not have

substantial predictive power beyond that of lagged

consumption. To make the Canadian results comparable to the

U.S. evidence, the same number of Iagged income variables as

HaIL's model is used in estimating the consumption equation

for Canada, The estimated results are shown in table 3.2.

Às shown in the tab1e, the test F-statistics arè far a¡eay

from the 5 percent critical val-ue of F-statistic.
Therefore, the above analysis results in the same conclusion
of supporting the theory for Canadian data as that. of HaLIts

U.S. result. In this subsection we have seen that,
following HaI1's test , aggregate consumption behavior in
Canada also obeys the life cycle-permanent income hypothesis
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TABLE 3.2

Consumption Function with C(t-1) and y(t-i)

dependent var: C(t)
(1) (2) (3)

Constant

c(r-1)
Y(r-1)

v (L-2)

Y(r-3)

Y(r-4)

Y(r-s)
Y(r-6)

Y(r-7)

Y(r-8)

Y(r-9)

Y(r-10)

Y(r-11)

Y(r-12)

R2
SER
F
Frr

31.80
(0.07)

1 .007
(0.04)
-0.005
(1.8e)

0.998
35.16
0.08
3.95

-31 .64 -17.69(0.08) (0.08)
1.037 1.032

( 0.04 ) ( 0.04 )0.009 0.013(3.44) (3.56)
0.006 0.008(4.12) (4 .23)
0.009 -0.012(4.10) (4.3s)

-0.041 -0.066
(3.21 ) (4.29)

0. 103
(4.26)
-0.067
(4,28]
-0.032(4.29)
0.087

(4.28)
0.001

(4.36)
-0.087
(4.43)
0.017

(4.31)
0.020

(3.38)

0. 998 0.998
34.09 34.30
0.22 1.31
2.46 1 .88

Note: F is the test F-statistic for the null
hypothesis that aL1 other coefficients
than C(t-1) variable equals zero. F* is
the criLical vaLue of F-statistic at the
5 percent level. The standard error ofcoefficients is shown in parentheses
below coefficients.
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under rational expectations. However, this is the resuLt

from the reduced-form model, as Flavin ( 1981) showed. In

the next subsection the theory r¿iLI be tested folloving
FIavin' s structural model.

3.2.3 Flavin's Test

Flavin (1981) expanded HalI's test of the life cycle-
permanent income hypothesis by formulating a structural
relationship bet!¡een consumption and lagged values of
income. She defined permanent income as the annuity value

of net worth. From this definition she showed that the
permanent income hypothesis holds that change in consumption

depends upon revision in permanent income. Using a general

ARMÀ representation of the income process, she also showed

how innovation in current income signals to revise the

consumers' expectations of future income and, therefore,
their permanent income.

If the actual current income change were added to the

change in the consumption equation,34 the coefficient of the

variabLe should have a zero value since rational consumers

have already included the information about income into
their consumption decision making. If the coefficient of
the added change in income variable has a significant value,

then this wilI measure the "excess sensitivity" of

Note that the current innovation
the random variable term of the
equat i on .

in income is included in
change in consumpt i on

34
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consumption to current income, that is, sensitivity in
excess of the response attributable to thè new information
contained in currenL income r âs argued by Flavin (1981,

p.990).

ro simplify her discussion, if we assume that income

process is a simple ÀR(1), then the unrestricted system can

be shown as:

Y(t) = 11 r + pY(t-1) +"r(t)
AC(t) = ¡¡z + k*er(t) + BAY(t) + e z(t)

(3.4)

(3.s)

where *=1 /11- -p/(1+r)}l and k represents the marginaJ.

propensity to consume out of r,¡eatth, This unrestricted
model is a nested model to test the economic theory,
suggested by Davidson and MacKinnon (198 1). The coefficient
B in the equation measures the excess sensitivity and should

be zero to support the theory. From the above structural
model, the reduced form of HaLl's model can be obtained as

f ol Lows :

Ac(r) = p + p(p-1)v(r-1) + ez(r)

= /l + ry(t-1) + u(t)

(3.6)

where u(t)=k*er (t)+ez(t) and zr=p(p-1). If income is a

random walk, i.e. p=1, then the theory can not be tested by

estimating the above reduced f orrn model since the

coefficient zr equals zero t¡hether or not there is excess

sensitivity of consumption to current income. Besides,
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testing the theory is not related to the trend of

consumption, but to the fluctuations in consumption leveI.
Thêrefore, FJ.avin used detrended data, calculating
deviations from its estimated exponential trend,ss to impose

stationariby on the income series.

To compare the test results using Canadian data vrith that
using U.S. data, the following model, t¡hich was specified
by Flavin, is estimated for Canadian detrended quarterly

-da ta .

The structural modeL:

y(t) = u1 + pry(t-1) + pzy(t-2) + .

+ er (t)

¡C(t) = pz + go [(pr-1)y(t-1) +...

0raY(r-1) + .., + pTay(t-7)

The semi reduced-form model:

Ac(t) = ¡¡ + Trly(t-1) + rzy(t-2) + . .. + î8Y(t-B) + u(t)
(3.9)

The results estimated by the SÀS system are shown in
table 3.3. The theory can be tested by investigating the

hypothesis that Bo=B1=...=p7=0 in the unrestrict.ed model and

1Í1=1tz=...=øl=0 in the restricted model of consumption,

Since testing these hypotheses is nothing more than testing
the global usefulness of the estimated mode1, the F-test can

+

+

+ prv(t-B)
(3.71

peY(t-8)l +

"z(t) (3.8)

35 Including the t ime
effect as renoving

variable in the equation has the same
a f i tted trend,
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be applied to lest the theory. The test F-statistic of the

estimated model was 7.30.36 Since the critical value of the
F distribution at the 5 percent significance level is 2.04,
the hypothesis is very decisively rejected. The decisive
rejection of the theory for Canadian data is the same as

Flavinrs tesL results for the U.S. data. Thus, the analysis
in this subsection shows that using Canadian data instead of
the U.S. data does not affect the test results of HalL's
and Flavin's mode I .

Since equation (3) in table 3.3 is a
equation (2), the test F-statistics
two estimated equations,

restricted model of
are the same for the

36
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TÀBLE 3.3

Est imates of Flavin's Model

dependent
va r: Y(t)

(1)
dependent var:

ac(r)(2) (3)

ul -0.00(-0.se)
p1 0.69

(-6.60)
p2 0.39

(3.05)
Ps -0.06

( -0.4s )
pA 0.51

(4.1s)
ps -0,40(-3.31)
Ps -0.39(-3.06)
P7 0,12

( 0. e2 )
pB 0.13

( 1 .20 )

R2 0.931
sER 0,01 6
F 150.26

tt2 -0.00(-0.13)
ßo 1 .54

(0.721
ß t 0.34

(0.s1)
þz -0.19(-0. 97 )

þa 0.0s
( 0.63 )

þ q -0.50(-0.44 )

þs -0.15(-0.50)
þø 0.26

(0.s6)
at 0.00

(0.01)

0.396
0.010

7 .30

-0.00(-0.13)
-0.14

( -2.0s )
0.07

(0.87)
0.15

(1 .84 )
0.23

(2.94)
-0.26(-3.3s)
-0.20(-2.40)
-0.07(-0.81)
0,20

( 2.84 )

0.396
0.010

1lz

T3

114

1ls

fia

Note: SampLe size is 98. The t-ratios are sho!¡nin parentheses below coeff icients.
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3.3 ! Reappraisal of F1avin's Test

3.3.1 InterÞretation of the Different Test Results

Às shown in the previous section and in Flavin's paper

( 1981 ) , Ha11's test, based on the singLe equation reduced

form, and Flavin's test, based on the bivariate unrestricted
equations, yield numericalJ.y identical values of the

likelihood ratio statistic for comparable specification.
The Canadian evidence in the previous section shows that the

Iife cyc J. e-pe rmanen t income hypothesis under rationaL

expectations was supported by Ha11's test and rejected by

Flavin's test. The question is why there are lv¡o different
conclusions from in fact the same test. Considering the

significance of the difference between the tt¡o test resul_ts,

it is not likeIy that the contradictory results r¡ere caused

by differences in the specification of the model in terms of
the number of lagged values of income inctuded,3T Instead,

the difference in the test statistic may be attributed to a

difference in the data sets in terms of the treatment of the

trend in income. s I

37 Flavin (1981) used eight lagged vaLues of income in the
estimation r¡hereas HaI1 (1978) tested the theory using
tv¡o, four, and twelve lagged values of income in the
three different regressions. Since HaLI's conclusion was
from using three different nunbers of lagged values of
income, it can be inferred that his conclusion is not
sensitive to the number of tagged vaLues of income in the
equation.

38 This was pointed out by Mankir¡ and Shapiro (1985) and
NeIson (1987).
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According !o Maddala (1988) there are two procedures used

for detrending:

1. Estimating regressions on time.
In this case the series of y(t) is assumed to be generated

by the mechanism3 s

Y(t) = a + þt + u(t) (3.10)

v¡here u(t) is a

constant variance.

stationary series r¡ith mean zero and

2. Successive differencing.
ln this case it is assumed that y(t) is

following model

Y(r) - y(r-1) = p + u(t)

in which u(t) is a stationary series.

generated by the

(3.11)

Nelson and Plosser ( 1982 ) call the former, trend-
stationary processes and the Latter, difference-stationary
processes. Flavin ( 1981 ) followed the trend-stationary
processes type to detrend the nonstationary data in her
paper. This detrending procedure of regressing the time
series on time has been often used by many macroeconomists

since they believed that the trend does not fluctuate much

over short periods of time, but rather moves slowly and

smoothly, and follows a deterministic path. F1avin used the

3s In general we
in t ime.

could regress time series on a poJ-ynomiaJ.
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residuals from fitted time trend to Lest the theory.

Ho!¡ever, as Nelson and Plosser argued, if the secular

movement in macroeconomic time series is of a stochastic
rather than deterministic nature, then a model based on time

trend residuals is misspecified. In fact, we wilJ. get

nonstationary residuals from fitted time trend if the first
difference of the time series is stationary with mean.40 To

see this problem, the following equation is derived from

difference-stationary processes by accumulating v(t)
starting with an initial value Y(0)

ty(r) = y(0) + Br + u u(j)
l= |

(3.12)

The residuals from estimaLing the above equation are not

stationary since the variance of the eguation increases over

time. NeLson and Kang (1981) clarified this point by

shoving that the autocorrelation funcLion of the residuals
from regression of a random walk series on time is a

statistical artifact in t.he sense that it is determined

entirely by sample size and it irnplies strong pseudo

periodic behavior at i.ong lags. This means that
inappropriate detrending may cause nisleading genuine

dynamic properties in the series. Furthermore, NeIson and

Kang (1984) argued that regression of one random r¡alk on

another, r,rith time included for trendral is strongly subject

40 This model is knosn as a "random walk" ¡,¡ith drift.
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to the spurious regression phenomenon. That is, the

conventional t-test v¡i1I tend to indicate a significant
relationship between the variables when none is present.
This section reviews whether FIavin's rejection of the
theory belongs to this spurious regression phenomenon.

3.3.2 Nonstationaritv of Income Series

To see whether the inappropriate detrending of
nonstationary data is the cause of Flavin's rejection öf the
theory based upon the spurious regression resuLts, we need

to review nonstationary behavior of income series.42 Table

3,4 presents sample autocorrelations of income series in
real per capita terms for the quarterly Canadian data from

1961 :I to 1987:rI.

The estimated sample autocorreLations r(j) in the table
shows the normaLized values of the estimated autocovariance
seguence C(j) computed by the following equation:

r(j) = c(j)/c(0) (3.13)

is the sample

and is def i ned as

The estimated autocovariance C(j)
covariance between y(t) and y(t+j)

follows:

Inclusion of a time trend in a regression has the saneeffect as detrending the series by iegressing it on Èime.

Income series is clearly nonstationary in the sense thatthe mean and variance depend on time, and they tend todepart ever further from any given vaiue as time goes on.Since this movement is predõminantly in upward diiection,it is said that the incóme series eiiriUiti a "trend". '

42

-57 -



TÀBLE

Samp1e Autocorrelations of

3.4

Personal Di sposabì.e I nc ome

Numbe r
of Lags

Simple Partial
Àutocorrelation Autocorrelation

'1

2
3
4
q

6
7

ô

10
11
12
IJ
14
IE

16
17
18
19
20

22
¿3
¿4

^ ôo

0.96
0.93
0.91
0.89
0.86
0.84
0 .81
0.78
0,76
0.73
0.70
0.68
0.66
0.63
0.60
0.58
0.56
0. s3
0.50
0.48
0.45
0.41
0.39

0.98
0.01

-0.04
0.00

-0.06
-0.03
-0.01
-0.03
-0.01
-0.03
-0.02
0.01

-0.03
0.02

_U. UJ
-0.04
0.03

-0.02
-0.03
-0.04
-0.06
-0.06
-0.02
-U. U3

Note: The data is
and contains

from 1961:r to 1987:II
106 observations.
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r¡here I is the mean of the entire series. To be

stationary, the means and autocovariances of the series
should be the same for every t. Therefore, the simple
autocorrel-ations of personal disposable income in the tabLe
3.4, which is dropping off slowly as Iag length increases,
sugge st s nonstationarity. Since the part iaJ.

autocorrelaLiona3 of only the first 1ag is J.arge, the income

series v(t) can be well explained by one lagged value of the
series Y(t-1). In fact the partial- autocorrelations decline
to almost zero after the large value of first lag. Since

this is known as a property of a random waLk, difference-
stationary processes should be applied for detrending rather
than trend-stationary processes. Às discussed above, if the
trend-stationary processes are apptied for detrending the
income sèries when the appropriate method of eLiminating the
t.rend is difference-stationary processes, then the residuals
from fitted time trend v¡ilI show nonstationary behavior
whereas the change in income ¡,¡iII be a white noise.

The autocorreLations for the time trend residuals and the
first difference of the income series are presented in table
3.5. Since the simple autocorrelations of the time trend

n-l
c( j) = z [y(r)-9] ty ( t+j ) -yl /n

-./ - |

The partial autocorrelation showscoefficient of Y(t-j ) variabte inY(r-1), Y(r-2), ... , y(r-j).

(3.14)

the values of the last
regression of y(t) on

43
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TÀBLE

Simple Àutocorrelations

3.5

of Residuals and ÂY(t)

Numbe r
of Lags

Series
Residuals AY(t)

1

2
J
4
tr

6
7
I
o

10
11
12
13
14
15
tÞ
17
18
19
20
21
22
) '1.

24

0.91
0.86
0,82
0.80
0 .71
0.65
0.61
0.58
0.51
0.45
0.41
0.39
0.31
ô ,?
0. 18
0.15
0.05

-0.02
-0.07
-0.09
-0. 15
-0.18
-0. 19
-0.20

-0.21
0.20

-0.01
0.11
0.04

-0. 10
0.'t 0

-0.22
0.13
0.04

-0.02
-0.01
0.09
0.0 1

-0.01
u. ub
0.08

-0.09
-0.04
-0.00
-0.01

0.02
0.03

-0.08

Note: Residuals are calculated from the equation
InY(t) = o + Pt + u. Sample size is 105 for
the residuals and 104 for ÂY(t) series.
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residuals also drop off s1or,rly, it suggests that
nonstationarity may still exist after detrending the series
by regressing it on bime, In contrast, the simple
autocorrelations of the change in income are all smaLL. The

Q-statistic of the change in income series for the null
hypothesis that the first tlrenty-f our autocorrelations are
zero is 25.07, l¡hich is not significant even at the j

percent level of significance. Thus, the result of Box_

Pierce portmanteau test tells us that the first difference
of income is approximately white noise. To clarify this
point, the spectrat density function for residuals from
fitted time trend and first difference of income series are
sho!¡n in figure 3.1 and 3.2, respectively. The spectral
density function of the time trend residuaLs shows

nonstationarity of the series since the spectrai- density is
very J.arge at frequency zeto, The spectral density function
of first differenced series indicates that it is almost
¡,¡hite noise. The shape of the spectral density function in
figure 3.1 and 3.2 is similar Lo that of the spectraL
density function from experimental data in Nelson and Kang,s

figure 3 (1981 , p.748). This implies that autocorrelatíons
in the time trend residual.s series are an artifact and that
Flavin applied a s¡rong detrending procedure.

More forma1ly, the test developed by Dickey and FuIIer
(1981) can be applied to test the hypothesis that the income

series belongs to the di fference-stationary processes
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cl-assaa instead of the trend-stationary processes cLass.

FoIlowing Dickey and FuIler, the time series x(t) is assumed

to be adequately represented by the following modeL.

x(t) = þo + ß1r + px(r-11 * I oti)ax(r-i) + e(r)
1= I

(3.1s)

To investigate the existence of a unit root in the time
series, tÞe nu11 hypolhesis that X(t) foIlor¡s a random waLk

r¡ith drift, i.e. (þr,p)=(0,1), is tested against the

aLternative hypothesis , (ß1rp)/(0,1) , by estimating the
above equation with k=0. Since the conventional tests are

inadequate if the time series foLlor,rs a random wa1k, the
Dickey and Fuller's test is appJ.ied. Tab1e 3.6 presents the
Dickey and FulLer's test statistic iÞ3 for this case. The

null hypothesis, (þt rp) =(0r1), is also tèsted against the

alternative hypothesis , (ß 1 ,p)/(0 11) , in a more generaJ.

model, by allowing the difference of time series Ax(t) to
follow an ÀR process. The test statistic iÞ3 for AR(2) model

of AX(t), i.e. k=2 t is also reported in table 3.6. From

Ðickey and FuLler's table VI (1981, p.1063), the critical
value of the iÞs statistic at the 5 percent is approximately
6.49. For the leveLs of income series and the time trend
residuals, the test statistic iÞs does not reject the null
hypothesis (Br,p)=(0,1) at the 5 percent leveI. For first
difference of income series, the null hypothesis is, as t¡e

44 This means that the income series has a unit root.

-64-



TÀBLE 3.6

Dickey-Fulter Test Resul t s

x(t): Y(r) Residuals AY(t)

No Ìags (k=0 )

þo 212.0
(1.61)

A t 1 .95
( 0.95 )p 0.96
( 30. 1 )

sER 113.94
tÞ¡ 0.45

0.004
(1.42)
-0.00(-1.95)
0.99

(3e.0)

0.014
I ôô

84.36
( 3.56 )
-0.33(-0.e0)
-0,21(-2.20)

111.96
78,02

Two J.ags ( k=2 )

A1

ßo

ßt

p

A1

-0. 1s
(-1.48)

-1s990. 1

(-0.ee)
8.27

(1.00)
0.96

(30.1)
-0. 1s

(-1.48)
0.19

(1.84)

111.41
0.91

-0.34(-3.25)
1.11

(2 . 1e)
-0.00(-2.20)

1 .00
( 28.3 )
-U. J4

(-3.2s)
-0.08(-0.78)

0.0.1 9
2 .45

-0.24(-1.s1)
2078.8
(0.6e)
-1.03

( -0.67 )
0.05

(0.2s )
-0.24(-1.51)
-0.06(-0.60)

1 12 .52
13.00

A2

SER
Õ¡

Note: The t-ratios are in parentheses below
coef f ic ients. The statistic iÞ3,
calculated like the F-statistic, tests
the nulI hypothesis (ßr,p)= (0,1),
against the aLternative (p 1rp)l(0,1) .

expected, rejected at the 5 percent level by the test
statistic iÞs. The results of the unit root test and thê
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spectral analysis of the series support the impression,
based on the sample autocorrel-ation anaLysis of lable 3.5,
that nonstationary behavior of income series should be

detrended by the difference-stationary processes procedure.
The analysis of nonstationary behavior of the income series
in this subsection suggests that there is enough reason to
suspect that Flavin's rejection of the theory is
attributable to inappropriate detrending of nonstationary
data .

3.3.3 Testinq Lhe Theory with Unit Root

From the above anaJ.ysis we have seen that there is a

strong possibility that the income series has a unit root
nonstationarity. Besides, as argued by plosser and Schsert
(1978), there is a good reason why it is better to work with
differenced data rather than data in levels. If we estimate
the first difference eguation, when the 1eve1s equation
included time variabLe as one of the regressors for
detrending is correctly specified, then at !¡orst we will
have inefficient but consistent estimates. However, if we

estimate the levels equation when indeed the data series are
of the difference stationary processes type, then the
statistical inference for the estimated model ¡vitt be

i nval i d.

Therefore, to see whether Flavin's rejection of the
theory was caused by inappropriate detrending, in this
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section the rational expectations Iife cycLe-permanen!

income hypothesis model of Flavin (1981) is estimated, using
the first differenced data, under the assumption of the
existence of a unit root nonstationarity in income series.

For simplicity, if we assume that income series can be

weIl explained by the follo¡.¡ing IMÀ( 1 ,1 ) mode1, a 5

Y(r) - Y(r-1) = p + e(t) - B€(r-1) (3.16)

then by repeated back substitution

e(t) = p' + [y(r)-y(r-1)] + þ I y ( r - 1 ) -y ( r - 2 ) I +

þ2lv(t-z)-Y(r-3)l + ...

or 4 6

The specification of this model is supported later by theBox-Jenkins' model selection procedure and the ÀiaikeInformation Criterion. Refer tõ section 3,4,2.
The relationship between Flavin's specification of y(t)
model and this equation is F= tt' t p1=1-p t pz=(1-p) p,ps=(1-ß)ß2,..,,

This is caLled simple exponential smoothing. Theinclusion of more MÀ terms results in hígir-ordeiexponential smoothing and does not affect our coñctusionfor testing of the theory.

(3.1? )

y(t) = s' + (1-B) ty(r-1)+By(r-2)+B2y(r-3)+...1 + €(r)
(3.18)

The above equation shor,¡s that income series y(t) can be

forecasted by an exponentially weighted sum of past ys.az

The derived results from thè estimation of the IMA(1r1)

model of income series by the SÀS ARIMÀ procedure is

45

47
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Y(t) = lr' + 0.85Y(t-1) + 0. 13y ( t-2 ) + 0.02y (t-3 )

+ 0.003y ( r-4 ) + 0.0004y ( r-s ) + 0.00006y (¡-6 )

+ 0.00001y(r-z) + 0.00000y(t-g) + ... (3.19)

Given the values of ps from the above equation, the

folloving Flavin's model of change in consump!ion is
estimated for quarterly Canadian data from I961:I to
1987.rr.

Ac(t) = lz + þo[(pr-1)y(t-1)+...+p8y(r_B)]
+ p1ÂY(t-1) + .., + B7AY(t-7 I + ez(E) (3.20)

The estimated results of the model are shown in table
3.7 .

TÀBLE 3.7

Estimation of Flavin's Model with Unit Rool

u2 þo þt þz þs

34.59 0.033 0.017 0.036 0.026(15.30) (0.04e) (0.031) (0.031) (0.03r )

ß+ 0s ßa ßz

-0.031 0.068 -0.002 -0.044(0.032) (0.032) (0.032) (0.032)

Note: The standard error of coefficients are
given in pa rentheses.

-68-



The coefficient of pq, which measures the excess sensitivity
of consumption to current income, has small amounL.

Besides, the joint nu11 hypothesis ßo=þt=...=Éz=0 is not
rejected by the F test, since the test F-statistic of. 1.42

is far below than the 5 percent critical value of 2,04.
This means that t.he theory is well supported, as was Hall's
conclusion, when the nonstationary income series is
detrended by dif ference-stationary processes procedure.

J.å An Àlternative Test on the Rationalitv of Consumer

Ànalysis of the above section shows that Flavin's
rejection of the theory reflects an inappropriate detrending
of the data, as argued by Mankiw and Shapiro (199b) and

Nelson (f987). Àlthough the rejecLion of the theory by

Flavin may be attributed to an inappropriate detrending of
data, this should not be interpreted directly as support for
the theory, since the theory has only been tested by a model

derived with some restricted assumptions. Therefore, we

test the Iife cycle-permanent income hypothesis under

rational expectations vith an alternative approach in which

the rationality of consumers, behavior is formal.Iy examined.

In thi s subsection,

FLavin's (1981) model

Weissenberger, f irst,
calculaLed value of the

the weissenberger ( 1986) version of
is applied to test the theory.

lested the theory by comparing the

marginal propensity to consume out

-69-



of income innovations, as implied by the theory, with the

coefficient obtained by regressing the current consumption

innovations on the current income innovations. Since this
test depends on the assumption that the individual's time

horizon is infinite, the test result may not be valid for an

individual with a finite time horizon where the inequality
can be caused by the difference between the annuity rate and

the guarterly interest rate.

Therefore, Weissenberger,s second test of the theory
which is derived by applying the anticipated-unanticipated
paradigm proposed by Barro (1977) is more appJ.icable to our
purpose. Specifically, the life cycle-permanent income

hypothesis under rational expectations can be tested by

either investigating vhether past innovations that are known

in current period affects current consumption innovations,
or by investigating whether the coefficient of the

anticipated income variable is significant. The theory will
be rejected if either the pas! innovations or the
anticipated income variable has an explanatory por¡er.

For the empirical analysis for U.K. and Germany,

Weissenberger used detrended data which was obtained by

regressing the natural logarithm values of income series and

consumption series on a trend. To find income innovations
and consumption innovations from the detrended series, he

identified and estimated ARMÀ models along the Lines
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suggested by Box and Jenkins.as In this section, first the

theory is tested, based on consumption innovations and

income innovations derived by Lhe ARMA model following
Weissenberger. Then the theory is also tested, based on

consumption innovations and income innovations derived by

the ARIMÀ model, following the suggestion of plosser and

Schv¡ert (1978) and the evidence of unit root of the series
in subsection 3.3.2.

This section serves not only to shov the results of a

different version of Ftavin's test on the theory, but also
to see !¡hether the application of the different detrending
procedures also plays a key roJ.e for the conclusion of the
test on the theory in the alternative tes!. For this
purpose, the test results of the Lheory using ARMÀ models

with detrended data are compared with the test results of
the theory using ÀRIMÀ models with original data.

3.4.1 Ànalvsis of ÀRMÀ Model

FolJ.oving Flavin and l^leissenberger, the series is
detrended and the ÀRMA model is estimated for the detrended
daÈa to find consumption innovations and income innovations.
To delrend lhe consumption series and the income series, the
two series are regressed on time. ÀutocorrelaLion, partial

4I From the ÀRMÀ analysis, using detrended data,Weissenberger (1986) réjected the [heory for the Uniteá
K i n gdorn and Germany.
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is a minimum; ã2v is the

is the number of order

number of order in the

assigns a penalty to
parsimonious.

covariance matrix of thè

in the AR process, and

MÀ process. The term

models which are not

autocorrelation, and inverse autocorrelation functions of
the resulting residuals of the regression are checked to
identify a model for the detrended data of the consumption

series and the income series.ae Since the Box-Jenkins model

selection procedure suggests several specifications, the
Akaike Information Criterion (arC) ,5o was also applied. In
ÀIC, the decision rule is to select the model for which

ÀIC = ã2 exp[ toslvl + z(p*q)/r ] (3,21)

series, p
q is the

2(p+q) /r
sui ta b1y

From the above criteria, we estimate the following
ARMÀ(1,5) modeL for both detrended consumption series and

de!rended income series.

x(t) - O rx( t-1 ) = e(t) + 01e(t-1) + 0ze(L-2) + 0ge(t-3)
+ 0¿e(t-4) + 0s.(r-S) (3.22)

Brocklebank and Dickey ( 1986) suggested to check theAutocorrelation Function (eCf,), Iñverse ÀutocorrelationFunction (IÀCF), and partiat Àutocorrelation Function
{PACF) to identify a model. If ÀCF drops to 0 after qì-ags, this indicates a MÀ(q) model. If IACF or pÀCf
drops to 0 after p 1ags, this indicates an ÀR(p) mode1.

See Harvey ( 1981 , p.157).
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The estimated results of the above equation using the SAS

ARIMÀ system are shown in table 3.8. Since the first f er¡

autocorrelations are smal1 and the e(24) statistics are

below than the 5 percent critical value of 36.4 for 24

degrees of freedom, we may assume that the two seri.es are

TÀBLE 3.8

ARMA Model of Consumption and Income Series

( 1) consumpt ion (2) I ncome

Qt

0t

0z

Y3

0e

0s

SER
Q(24)

0.954
( 0.04 )

-0.013(0.11)
0.017
(0.10)
0.283
(0.10)
0.112
(0.10)
0.032
(0.11)

32 .97
23.26

0.952
(0.0s)

-0.160(0.11)
0.248
(0.10)
0.045
(0.11)
0,298
(0.10)

-0.030(0.11)

109.28
13.17

Note: Sample size is 106. Standard error of
coefficients is shown in parentheses.
Q(24) shows Box-Pierce poilmanteau
statistic when p=24.

just white noise and the ÀRMÀ(1,5) model is well identified.
To apply Weissenberger's test to testing the theory,
consumption innovations and income innovations are derived
by subtracting forecasted vaLues of consumption and income
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based on the esLimated ÀRMA model from the actual value of
consumption and income.

We test the theory by investigating r,¡hether innovations
in earlier periods or anticipated income in the previous
period affects consumption innovations in the current
period. Since information from past periods is aJ.ready

considered in consumers' decision making, if consumers are
rational, those variables known in past periods should have

no additional explanatory powers and consumption innovations
should be delermined entirely by income innovations in the
current period. For the purpose of testing Lhe lheory, the
obtained consumption innovations are regressed on income

innovations, lagged income innovations, lagged consumption
innovations, and anticipated income variable, as shot n in
the f o11or,¡ing models: 5r

ÉC(t) = @1ËY(t) +

Éc(t) = ørÉY(t) +

åc(t) = ør {y(r) +

a4Êc(r-1)

åC(t) = øråy(t) +

aóFY(t) +

z(t)
@2ËY(t-1) +

ozåY(t-1) +

+ o.slC(t-2)

azåY(t-l) +

v (t)

@a tY (E-2)

o3ty(E-2)

+ z(t)
@3ËY(t-2)

(3.23)

+ v(t) (3.24)

+

(3.2s)

(3.26')

s t The same numbers of lagged variabl.es as in
wei ssenberger' s pgper ( f986 ) -ãre used to compaiè th;
Canadian test results with the U.K. and the Ceiman tesiresults.

where {C = consumption innovations

{Y = income innovations



FY = ant ic ipated income

I = d i sturbances

and time periods are shov¡n in parentheses,

Table 3.9 contains the estimated results of the above

TÀBLE 3.9

EstimaLes of Consumption Innovations: I

dependent
var: ¿c(t )l

equa t i on(2) (3)(1) (4)

ÉY (r )

ËY(r-1)

¡Y (r-2 )

Ëc(r-1)

Èc (t-2 )

FY(T)

SER

0.306* 0.268*(0.02) (0.07)
0.072

(0.08)
-0.034(0.07)

74.49 74.94

0.069* 0,269*(0.03) (0.07)
-0.024 0.072(0.04) (0.08)
-0.047 -0.034(0.03) (0.07)

0,897't
(0.10)
0.069

(0.11)
0.094

(0.30)

33.31 75.28

Note: Standard error of coefficients is sho\,¡n
in parentheses. * denotes that the
corresponding coef f ic ient is statistically
significant at the 5 percent leveL.

equations, The first coLumn sho!¡s that the estimated
marginal propensity to consume out of income innovations is
about 0. 31 . s 2 I n the second column, although adding two

s2 This value is close topropensity to consume
impl ied by the rational
income hypothesis with

t.he calculated value of marginal
out of income innovations as

expectations I i f e cycle-permanent
quarterly rate of interest 2% or

-75-



lagged income innovaLions variables as the regressors
reduces the marginal propensiLy to consume from 0.31 to
0.27, t¡e cannot reject the theory because Lagged income

innova!ions do not influence the consumption innovations. sg

Horrever r ôs shown in the third column, once lagged

consumption innovations are added, the marginal propensity
to consume is drastically reduced from 0.3.1 to 0.07, and the
F tèst shows the significance of the coefficients of lagged
innovations variables. sa In the fourth column, to see

whether anticipated income matters in determining
consumption innovations, lhe current anticipated income

variable is included, and the estimated result shows that
the variable is statisticaJ.ly insignificant at lhe 5 percent
Ievel, as shown in table 3.9 equation (4). From the above

analysis of the ÀRMA model using Canadian detrended data,
one might conclude that the theory is rejected onty when the
lagged consumption innovations variable is included. ss

However, since atI lhe Iagged income innovations have

insignificant coefficients at the 5 percent Ieve1, the

53

54

annual rate of interest approximately 8.2%.

The F-statistic to test the significance of coefficients
of 

_ t!¡o lagged income innovations is 0.38, which is far
belo¡,¡ the.5.percent critical value of 3.i0. tirereiorè,the coefficients of lagged income innovations in equatiãÁ(2) of. tabLe 3.9 are nõË significãnr the S percent'iãvåi.
The test F-statistic is 103.01 r+hereas the critical vaLueat the 5 percent ís 2,47.
This rejection of the theory by Canadian data is weakerthan_that by the U.K. and Germany data. Weissenberger
( 1986) reported for _U.K. . and Gãrmany data that evéryIagged variables and anticipated incõme variable ar'estatistically significant at lhe 5 percent level.
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significance of the coefficient of 1agged consumption

innovations may be due to defects of the ÀRMA model

specification used to obtain innovations. s6 To be

innovations, they are supposed not to be autocorrelated.
The significant coefficient of åC(t-1) indicates that
consumption innovations are not a white noise series,
although Lhe ARMA model is specified fo1ìowing an ARMÀ

search. The difficulty involved in the measurement of
innovations weakens.the povrer of Weissenberger test.

3.4.2 Analvsis of ARIMA Model

Following the suggesbion of pLosser and Schwer! (1978)

and the evidence of the unit root of the series in
subsection 3.3.2, the theory is tested in this subsection
using the first differenced series instead of the dètrended

series. The Box-Jenkins' model seLection procedure also
suggests to difference !he series once before identifying
the modeL for the consumption series and the income series.
The Akaike Infornation Criterion (¡tC) is applied to select
the best model among several specifications suggested by

Brocklebank and Dickey. sT From this rnodel selection
procedure, the ARIMA(0rl, f) models for both the consumption

56 An other possibility is that the significance may be
caused by a generated regressors problem. Since ¿C(t-1)is a generated regressor, lhe inference may ¡iot becorrect as discussed in pagan (1984, 1986). Thã standarderror of lhe coefficient of ¿C(t-1) may be underestimate
and the test t-stat i st ic upr,rard).y biased.

See footnot e 49 (p.72),57
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series and the income series are estimated
are as f ollorvs:

¿c(t) = (1 - 0.018L)¿c(r)

SER=33.85 Q(24)=3a.1a

aY(t) = (1 - 0.1sOL)¿y(r)

sER=112.01 e(2a)=18.96

Table 3. 10 sho!¡s the

consumption innovat i ons on

income innovalions, lagged

anticipated income va r iable.
same as in the ARMA model

and the results

(3.27)

( 3.28 )

where consumption innovations

income innovations

lag operator

Although the 0 statistics show the two series may be white
noise, the test statistics are higher than those of the ARMA

nodel estimation using detrended data. The standard error
of estimates for the consumption series and the income

series is also higher in the ÀRIMÀ model using first
differenced data than the standard error of estimates in the
ARMÀ model using detrended data. Therefore, the estimated
results indicate that the estimates of the ÀRMÀ model using
detrended data is slightly better than the estimates of the
ÀRIMA model using first differenced data,

¿c

L

results of regressing the
the income innovations, lagged

consumption innovations, and

The specified models are the
analysis case. The est imated
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TABLE 3.10

Estimates of Consumpt ion Innovations: II

dependen t
var: {C(t )l

equa t i on(2) (3)(1) (4)

{Y(r)

¿Y(r-1)

ëY (E-2)

Éc(r-1)

Ëc(r-2)
FY(T)

SER

0,260r,
(0.02)

0.283'1 0.071x 0.278*(0.07) (0.03) (0.07)
0.053 -0.027 0.072(0.0e) (0.04) (0.0e)

-0.088 -0.044 -0.038(0.07) (0.03) (0.07)
0.899*

(0.10)
0.065

(0,10)

83.46 83.70

-0.024t
(0.01)

33.54 77 .98

Note: Standard error of coefficients is shown
in parentheses. 't denotes that the
corresponding coef f ic ient is statistically
significant at the 5 percent Ievel.

results of the consumption innovations equation based on the

ÀRIMA model are almost the same as the estimated results
based on the ÀRMÀ model, except that the coefficient of the

anticipated income variable is significant at the 5 percent

1eve1. However, the significant coefficient of -0.024 f.or

the anticipated income variabLe in the ÀRIMA model analysis
is not strong enough to reject the theory because the value

of the coefficient has a wrong negalive sign. ss

s8 This significant coefficient of Fy(t) variable may
reflect troubles with measurement of innovations or
spurious regression probtem caused by misspecification of
equat ion (A ) in table 3. 10.
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3.5 Summarv and Conclusion

In this chapter, we have tested the l-if e cycle_permanent
income hypothesis under raLional expectations using the
Canadian data. The models tested were Ha11's and F,lavin's
specifications of the random waì.k hypothesis of consumption
and Weissenberger's model of anticipated_unanticipated
paradigm. Using Èhe same concepts of consumption and income

in their papers, we obtained the f ollo\,¡ing test results:

1. Hall's test results using the Canadian data supported
the theory that consumption is determined by one lagged
consumption variabLe only and the coefficient of the
variable is statisticallyinsignificantly differen! from
one. This random walk behavior of consumption for the
Canadian data is the same result as HaIl-'s conclusion for
the U. S. data.

2, The Canadian evidence for Flavin,s structuraL modei-

test on the theory rejected the theory when the detrended
data was used. The result of Flavin's test for the Canadian
data is again the same as Flavin's test result using the
U. S. data.

3. FoIlowing Lhe arguments of Manki.¡v and Shapiro (19g5)

and Nelson (1987), Flavin's test results for Canadian data
(1987) \,¡ere reappraised, and it was shown that the rejection
of the theory can be attributed to the inappropriaLe
detrending procedure.
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4. To avoid the problem involved in detrending the data,

an alternative test on the theory, suggested by

Weissenberger ( 1986) , !¡as apptied. The innovations of the

consumption series and the income series v¡ere calculated by

both the ARMA and the ÀRIMA model specifications, and these

innovations were used to examine whether consumers behave

following the prediction of the theory. Since the

innovations series are used in estimating the model to test
the theory, the different detrending procedures does not

affect our conclusion on the test. ln fact, the estimated

resuÌts were almost the same for both the ARMÀ analysis and

the ÀRIMA anaJ.ysis, The Lest results using Weissenberger's

version of Flavin's test showed that the theory is
supported, even lhough the coefficient of the consumption

variable lagged one period is significant in both the ÀRMÀ

and the ÀRIMÀ model analysis and the coefficient of the

anticipated income variable is significant in the ÀRIMA

analysis. The reason is that the significance of lagged

consumption may be caused by problems of ARMÀ and ARIMÀ

specifications for innovations, and the coefficient of

anticipated incone has a wrong negative sign.
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Chapter IV

SOME TESTS ON THE THEORY BY TSLS ESTIMATION

Introduction

During the past decade, there has been much effort to
test the Hall's (1978) random walk model of consumption,
which is the implication of Iife cycle-permanent income

hypothesis under rational expectations. Às shown in chapter
3, Ha1l's test results using the level of consumption and

the level of income support the theory. However, the
response of consumption to income is inconsistent with the
theory in Flavin's test, which is nothing more than the
structuraL model test of HaIl's test. Following the
arguments of Mankiw and Shapiro (1995) and Nel-son (1997), it
was shown that FLavin's detrending procedure may cause a

bias towards rejection of the theory in her test results,
since nonstationary income series has approximately a unit
rool . s I

However, the argument that the incorne series has a unit
root is not settLed yet and we can not totalLy depend on a

unit root of the income series to refute Flavin's rejection

5s The term "unit root" refers to the unit coefficient onone Lagged variable in its autoregressive representation.Therefore, this means that income-series is ãpproximateiya random walk with drift.
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of the theory, The purpose of Lhis chapter is Ëo test the

theory, based on alL available detrending procedures. The

model used in testing the theory is Hall's random walk

hypothesis of consumpLion, which r¡as elaboraLed later by

FLavin. To tesL the theory, foLlowing the suggestion of
Davidson and MacKinnon ( 1981 ) , this chapter investigates
whether change in consumption can be explained by change in
transitory income in the combined model of the random walk

hypothesis and the Keynesian consumption function. The

rèason !¡hy the theory is lested in this nested modeL is that
if the empirical- resuLts show that the marginal propensity
to consume out of transitory income is non-zero, then the
theory is rejected and it can be interpreted that consumers

are irraLional or myopic.6o

To extract the transitory income from income series, the
detrending procedures used are the traditional detrending
procedure of Iinear trend, differencing, detrending by state
space model, and detrending by spectral anal.ysis. The trend
is assumed to be constant in Iinear detrending procedure,

but is variable and stochastic in the other detrending
procedures. ln a deterministic linear time t.rend, the time
series increases by some fixed amount every quarter, whereas

in a stochastic variable trend, the series increases each

quarter by sorne fixed amount on thè average but the change

in the trend deviates from its average by some

unforecastabLe random amount. From the general recognition

60 This was pointed out by Flavin (1985)

- 83 -



by econometricians that many macroeconomic series appear to
be integrated of order oner6l there has been much research62

on the variable trend recently. The reason why we consider
the trend to be variable is, as expì.ained by Stock and

watson (1988), that the sources of trend, for example, in a

one-sector neoclassical growth model, such as the capital-
labor rabio, the labor force participation ratio, and the
technical progress have cycJ.ical as welL as trend components

and this cyclical component can cause the trend to be

stochastic. However, in spite of a large volume of research
on the trend issue, the arguments betlreen a deterministic
Iinear time trend and a stochastic variable trend have not
been settled yet.63 Therefore, in this chapter Lhe theory is
tested using the transitory income calculated by al1
avaiLable detrendi.ng procedures. By doing sor it is
possible to arrive at a conclusion for testing the theory
which is insensitive to the detrending procedures.

61 This neans that the series needs differencing once toachieve stationarity.
6 2 Beveridge and Nelson ( 1981 ) , watson ( 1986) , CampbelI and

Mankiw (1987), Clark (1987), and Srock aná watsãn (19BBi
are some examples to mention.

63 There has been some recent research
trend. McCallum (1988) showed that
stationary when output is allowed toand non-monetary shocks. perron
fluctuations around a deterministic
stationary if the break in the trend
the oil shock of 1973 is considered.

against the variable
time-adjusted GNP is
respond to moneta ry

( 1987 ) argued that
trend are indeed

line at the time of
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Estimating the model using the Ordinary Least Squares
(OLS) method may have a simultaneous equation bias problem

since we can not. exclude the correlation betv¡een change in
transitory income and innovation in permanent income.

Therefore, lhe Two Stage Least Squares (TSLS) method will be

applied for the estimation of the rnodel.

The organization of this chapter is as f ollo¡,rs, Section
2 describes the nested model to be used for testing the
theory in this chapter. Sections 3 to section 6 report the
empiricat test resufts of the model based on transitory
income calculated by four different detrending procedures.

Section 7 presents the summary and conclusion of this
chapter.

4.2 å TSLS Estimation AÞÞroach to Test the Theory

The Iife cycle-permanent

expec tat ions is represented

c(t) = a yp(t)

where o is the marginal

permanent income (yp). From

Ac(t) = a AYp(t)

income hypothes i s under rational
AS

propensity to consume out of
the above equation we have

(4.1)

(4.2)

To test the theory, f olJ.owing Flavin (1995), lhe above

model is nested wilh an alternative hypothesis that
consumption is inf l-uenced by transitory income, as shown in
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the f o1l-or+ing equaL ion : 6 a

Ac(t) = ¿ Ayp(r) + À Ayr(r)

ac(r) = a ayp(t) + ¡ [ay(r) - Âyp(r)]

This test procedure is
Ðavidson and Mac K i nnon
(1987).

Thi s means that since
nonstationary and may
di f ference of the seriès

(4.3)

(4.4)

¡¡here YT is transitory income. This approach is more

useful for testing the theory than Watson's (1996) test, in
which AC(t) was regressed on the lagged values of transitory
income 1eve1, because this approach avoids the possible
regression problem of Granger (1986). Granger noted that a

regression makes no sense unless the number of differences
to achieve stationarity is the same for the regressand and

regressor since, other¡,¡ise, the independent and dependent

variables have such vastly different temporaL properties.
The model used in this chapter is subject to this problem

because the regressand of change in consumption is
integrated of order zero, whereas the regressor of
transitory income can be integrated of order oner65

depending on the detrending procedure applied. Using the
first di fferenced series of transitory income as the
regressor also has the f oJ.lowing statistical advantages in
testing the theory. The stationarity of the first
differenced series a1l-ows one to invoke the asymptotic

motivated by the suggestions of
( 1981 ) , and CampbelI and Mankiw

the transitory income can be
have a unit root, the firstis stationary.

- 86 -
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distribution theory and the Lest results of the theory using

the differenced data are valid. According to Plosser and

Schwert ( 1978) and Campbell and Manki¡,¡ (1987) , estimating

the equation using differenced data does not give biased

estimates, but consistent estimates, even if the series in

fact does not have a unit root but is stationary around a

time trend. Therefore, the test, using first differences of

transitory income as regressor raÈher than the levels of the

series, is more powerful since it is still valid whether or

not transitory income has a unit root. Besides, if the

coefficient ). in the model is statisticatly significant and

the value is the same as the value of coefficient a, then

consumption is determined by current income and the result
can be interpreted as rejection of the random walk

hypothesis in favor of the Keynesian theory.

Following the arguments of Ha11 (1978) and Flavin (1981),

if consumers \,¡ith rational expectations maximize the

expected value of an intertenporaLly separable utility
function subject to the Iife time income stream, then the

change in the aggregate consumption equation to be

estimated, AC(t)= ø AYP(t), can be shown as f ol-Ior¿s:66

Ac(t)=p+v(E) (4.s)

Refer to section 2.2 and 2,3.
equa t. i on .

66
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where ¡¡ is the drift of consumption series and y(t) = a

e(t) + a(t), in which e(t) is the innovation between time
t-1 and t period in the consumers' assessment of permanent

income and 4(t) is the consumption disturbance. Therefore,
the nested model to be tested can be .rewritten as f oi.Iows:

Ac(t) = ¡¡ + À ÂyT(r) + y(t) (4.6)

After running the above equation, Lhe theory is tested by

investigating the hypothesis that ì. = 0.6? However, if the
Ordinary Leas! Squares (OLS) method is used to estimate the
above equation, Lhen it is possible to have upwardì.y biased
estimates of tr in the case that change in transitory income

AYT(t) is positively corretated with current innovation in
income e(t). To avoid this problem, estimating the equation
by the Two Stage Least Squares (tSr,S) method is suggested,
In the first stage, AyT is estimated by instrumental
variables and AC is regressed on the estimated value of AyT

in the second stage. To be good instrumental variables, it
is welt known that Lhey must be correlated with ÂyT buL not
with r. Campbell and Mankiw (1987) argued tha! the lagged
values of AY are valid instruments for Ây6s since a time
series can be explained by its history according to Lhe time
series anaLysis. Campbell (1987) emphasized that the lagged

67 This means Lhat change in the transitory component ofincome should have no influence on -tf,e èf,ungå i;consumption to support the theory.
Campbell and Mankiw (1987) shor¡ed that êven if the incomeseries has a unit. rooL, Iagged values of Ay are stiiivalid instruments but they- do noL expJ.ain 

"- 
1;;;;fraction of the variance ot Ãy.

68
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values of consumption couLd be good instrumental variabl-es

for income because consumption summarizes consumers'

information about the future income stream, providing the

permanent income hypothesis holds. It is also considered

that, following the traditional business cycle theory,

changes in government fiscal and monetary policies may

provide good instruments for change in transitory income,

AYT. From the above arguments, the instrumentaL variables

to be used in the present model are summarized as follows:

of

of

of

1. lagged values

Lagged values

Iagged va lue s

AYT(t)

ac(r)

ac(t), ar(t), or aM(!)6s

consumpt i on

government expendi t ure

taxa t ion

money supply

v¡here AC ( t )

ac(r)

ar(r)
aM(r)

change

change

change

change

1n

1n

1n

1n

Therefore, the corresponding nested modeI, which is to be

estimated using the above instrumental variabJ.es, for
testing the theory can be specified in the f ollor,¡ing three

di f ferent models:7 o

The estimated results with the highest F-statistic in
estimation of ÂYT(t) using any one of these Ac(t), AT(t),
or AM(t) wilt be used for the second stage estimation.

Four lagged values are used for instruments following
Watson (1987 ) ,

69
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Ac(t) = ¡r

AYr(t ) =

3. ac(r)
ÂYr(r)

where AY^T is
di sturbance term,

est imated value of AYT,

X can be G, T, or M.

r,r(t ) is the

2. ac(t) = ri + tr aY^T(t) + z(r) (4.8)

AYT(t) = Éo + grAc(t-1) * Br¿c(r-2) + p3Ac(t-3)

+ É¿ÂC(t-4) + cr(t)

+ À AY^r(r) + y(t) (4.7)

þo + ß rAyT(r-l ) + B z¿yr ( t-2 ) + B3AyT(t-3)
+ p4aYT(t-4) + o(t)

= ¡l + tr aY^r(r) + y(r) (4.9)
+ BrAX(t-l) * B.Ax(r-2) + BsÂx(r-3)

ß¡ax ( t-4 ) + o(t)
þo

+

the

and

The data used in this chapter for eslimation is the same

as the data used in the analysis of chapter 3. The incorne

series is personal disposable income in reaL per capita
terms, and the consumption series is the sum of personal
expenditure on non-durable goods and personai- expenditure on

services in real per capita terms. The sample period of the
data is from 1960:I through 1987:II.

4.3 Test ResuLts Based on Linear Detrendinq

The distinguishing feature of income series or similar
rnacroeconomic is that its movement is predominantly in an

upward direction and it has a trend. Most macroeconomic

analysis concerns explaining the cyclicaL component of those
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series. To find the cyclical component of the income

series, the !raditional approach used until no¡,¡71 was that
the natural Logarit.hm value of the series is regressed on

time and the resulting residuals from the regression are

considered as the transitory income.72 The assumption behind

this detrending procedure is that the residuals in the

following equaLion are a well behaved stationary series:73

Iny(t) =a+ pE +u(t) (4.10)

By regressing the above equation,T4 the transitory income

series, YT, is obtained, and the change in transitory
income, AYT, is calculated from the yT series. The trend
and cycle components of the income series deconposed by the

linear detrending procedure are shown in figure 4.1 and &.2,

respectively. From figure 4.1 it can be observed that the

actuaf income series is greatly deviated from the forecast
of the trend and these deviations may be strongly positively
autocorrelated. Thè behavior of this cycle component is
clearLy shown in figure 4.2.

tt r9I example, Flavin (1981) and Blanchard (1981) applied
this approach in their papers for detrending the time
series.

" We can also include a time variable in a regression model
for the same effect.
The probì.em of using this detrending procedure for the
income series wíth a unit root was already discussed in
section 3.3.1 of chapter 3 relat.ed with differencing.
The estimated results using the SAS system are that
o=8.416(0.011) , and B=0.009(0.000), The standard errorof the coefficients are given in parentheses.

74
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Figure 4.1: Trend Component of Income Series by Linear Trend
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Figure 4.2: Cycle Component of Income Series by Linear Trend



Using the transitory income calcul-ated by the linear
detrending procedure, the model specified in section 2 is
estimated by the SAS SYSLIN system and the estimated results
are sho!¡n in table 4.1. The first, second, and third col-umn

in the tabì-e give the TSLS estimation results of the present

model using instrumental variables of the lagged values of
AYT(t), Ac(t), and AT(t), respectively. The first stage

estimation results show that the F-statistic of the equation
(3) only is Iarger than the 5 percent criticaj. value of
2.47, indicating that the change in transitory income can be

explained by change in the taxation policy. Following the
explanation of Campbelt and Mankiw (1987), the first stage

estimation result of equation ( 1), that a large fraction of
the variance of ÂyT(t ) is noL !¡elf explained by lagged

values of AYT(t), can be interpreted that the transitory
income series by detrending procedure of linear trend is
nonstationary and has approximately a unit root.7 s The

estimated results in the table aLso show that the lagged

values of change in consumption can not explain the
variations of ÂYT(t) either. This is expected since, under

the theory, consumption changes only ¡,¡ith change in
permanent income, not with change in transitory income.

Thus, consumption has no relationship with transitory income

and Ac(t) should not have any influence on AyT(t). In that
sense, both small value of R2 and strong insignificance of
the equation by the F test in the first stagè estimation of

75 The nonstat ionarity of
shown in section 3.3.2

the detrended series of income was
of chapter 3.
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TABLE 4.1

Est imated Results Based on Linear Detrending

(1) (3)(2)

pl

P2

þs

þa

SER
R2
F

-0. 155
(0.10)
0.205

(0.10)
0. 12s

(0.10)
0.126

(0.10)

114.28
0.09
2.51

0.389
(0.3s)

0 .644
(0.34)
0.090

(0.34)
0.244

(0.35)

116.72
0.06
1 .41

0.711
(0.16)
0.301

(0.18)
0.064

(0.18)
-0.267
(0.16)

107.86
0.19
5.76

SER
R2
F

28.24
( 3.64 )
-0.005
(0.0e)

34,37
0.00
0.00

28.96
(3.71)
0.050

(0.12)

33.69
0.00
0.17

28.28
(3.s2)
-0.002
(0.07)

?¿- )a
0.00
0.00

Note: For.the eguation (1), the 1agged values ofAYT(t) are used as instrumental variables.
For the equation (2), the lagged values ofAC(t) are used as instrumentãÍ variables.
For the equation (3), the tagged values ofAT(t) are used as inátrumentãÍ variables.
The standard error of coefficients isgiven in parentheses.
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equation (2) can be considered as an evidence Lo support the
theory.

The estimated results of the second stage esLimation
support the theory more strongLy by showing zero R2, small
F-statistics r¡hich are far beLor¿ the 5 percent critical
val-ue of 3.95,76 and the insignificant coefficient of the
change in transitory income variable, À.

From the above results, we can conclude that the theory
is well supported even ¡,¡ith detrended data and there is no

evidence of excess sensitivity of current income as argued
by Flavin ( 1981 ) . This conclusion is rather contradictory
with her rejection of the theory. The difference betçeen
this approach and FLavin's approach is mainly that lhe
consumption series is also detrended by the linear
detrending procedure in her paper.zT This might cause the
significant coefficient of change in current income in her
modeL since the residuals from regressing the consumption
series on the time variable is regressed on the i-agged

values of the residuals from regressing income series on the
time variable. Therefore, the significant coefficient in
her test may show nothing but a significant relationship

77

Note that strong support for the theory with the smallestvalue for the coefficient of AyT(t) -and the to,o.si-r,lstatistic in . equation (3) was by the best instrumãnts
a'1'(t r., 1n the sense that the instruments well explainaYT(t) with the highest F-statistic.
one more difference is that Flavin (199j) used laggedIevel values of the detrended income series -íoi
instruments in her test.
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4.4

between transitory consumptionT I and transitory income. The

difference betv¡een HaIl's and FLavin's tesb results can be

explained by interpreting Flavin's results this way.

Test Results Based on Differencinq

An alternative procedure for detrending the time series
data often used in the literature is to difference the

series. Removing the nonst.ationarity of the series by first
differencing, rather than using the linear detrending of the

above section, means that the trend is assumed to be a

stochastic process rather than a straight line. This

differencing method for detrending the data is especially
useful when the series has a unit root.

Beveridge and Nelson (19e1) show that any ARIMA process

for which the first differences are a stationary process of
autoregressive-moving average form cân be represented as a

random lralk v¡ith drift trend pLus a stationary component.

Based on the nonstationary behavior of the income series
described in chapter 3, the ÀRIMA( 0 r 1 ,1 ) model7 s was

specified for the series and the representation for it can

be shown as the following equation:

7A The trend is interpreted as the permanent component of
the series and the deviations of the trend as Lhe cycle
or the transitory component of the series. Therefore,
the residuaLs from regressing the series on the time
variable are considered as the transitory component of
the series.

For lhe trend and. cycle component decomposition ofgeneral ARIMA(p,1 ,q) model see Beveridge and NeIson
(1981).
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y(t) = yp(t) + yr(r) (4.11)
yp(r) = tl + yp(r-1) + (1 + B)e(t)

where ¡.¿ is the drift in the trend, e(t) is the random

disturbance term80 with mean zero and constant variance, and

B is the coefficient of the one lagged disturbance term
e(t-1) in the ARIMA(0,1,1) model.

To decompose the trend and cycJ.e components from income

series, the ÀRIMA(0 r 1 ,l ) model of income series is rer+ritten
as f ol1ows: I 1

AY(t) = ¿ + e(r) + B€(r-1) (4.12)

v(t) = ¡¡ + y(r-1) + e(t) + B€(t-1) (4.13)

= 2u + y(r-2) + [e (t) + A"(r_1)]
+ [€(r-'t ) + pe(r-2)]

t r-l
= sr + ¡ e(i) + B ¡ e (i)i=1 i=1

t
= r¿r + (1 + B)[ ¡ "(i)] - B€(r)

i=1

80 The e(t) is often referred to as 'innovation' since it isthe parÈ of yp(t) and y(r) r¿hich is unpreaiciilf"-irão,the past.
8t It is assumed that e(O)=0.
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a5

From the above equation, YP(t)

follows:

typ(r) =¡¡r+ [(1 +B) Ee(i)]

Yr(t) = -Be(t)

and YT(t) can be r e¡,¡ r i tten

(4 .14)

(4.15)

The trend and cycle

ca J.c ula t ed by applying

result of ARIMA(0,1,1)

and 4.4, respect iveJ.y.

components for income series were

the above formula to the estimated

model, and are shown in figures 4.3

From this transitory income, the modef in secbion 4,2 is
estimated by the SAS SySLIN system and the rèsults are

reported in table 4.2. The estimated results in the table
shor,¡ lhat. for lhe second stage equation, R2 is zero, the F-

statistics are far below the critical value of 3.95 at the 5

percent leveL, and furthermore the coefficient of the change

in transitory income, ì., is not significant ah aLI for any

estimation using different instruments. Therefore, the test
results based on the differencing detrending procedure again

support the theory.
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Figure 4.4: Cycle Component of Income Series by Differencing
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TABLE 4.2

Estimated Results Based on Differencing

(1) (3)(2)

þt

9z

9s

p4

SER
R2
F

-0. f 88
(0.10)
0. 165

(0.10)
0.08s

(0.10)
0.09s

(0.10)

17.03
0.08
2 .12

0.05s
( 0.0s )
0.092

( 0.0s )
0.011

( 0.05 )
0.034

(0.05)

17.31
0,05
I . JU

0. 106
(0.02)
0.045

(0.03)
0.010

(0,03)
-0.040
( 0.02 )

1s.90
0.20
5.90

SER
R2
F

28.85
(3.s2)
-0. 178
(0.71)

35.05
0.00
0.06

28 .87
(3.41)
0,248

(0.86)

33.88
0.00
0.08

28.86
(3.46)
-0. 030
(0.4s)

34 .47
0.00
0.01

Note: For.the equation (1), the lagged vaLues ofAYT(t) are used as iástrumenËãL variables.For lhe eguation (2), the lagged values ofAC(t) are used as instrumentãI variables.
Tgt th. equarion (3), the lagged values ofAT(t) are used as instrumental variables.
The standard error of coefficients isgiven in parentheses.
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4,5 Test Results Based on State Space Model

Although a random vralk with drift for the trend in the

above section v¡as strongly supported by Beveridge and Nelson

( 1981 ) , it is possibLe that a deterministic nonLinear trend

or some other form of stochastic trend may be just as good

as or even better than a random walk model, as argued by

CIark (1987). SpeciaJ.ty, if the autocovariance funcLion for
the first differenced series is not exactly zero after lag

one, then a wide variety of processès for the trend is
consistent with the series, as indicated by Harvey (1985).

In this section, to a1J-ow for a smoothed trend rather
than an irregular trend of the differencing detrending
procedure in the above section, the state space model is
applied to extrac! the trend from the income series. For

the staLe space modeJ., following l,¡atson (1986) and Clark
( 1987) , it is assumed that the trend component is a

nonstationary stochastic process of a random ¡.¡aIk with drift
and the cycIicaJ. component is a stationary process !¡ith
second autocorrel-ation. The dynamic behavior of the trend

and the cyclical components assumed in the above can be

represented in the following staLe space model:

measurement equation:
y(t)=yp(r)+yr(r)

Õ(L)Yr(t) = u(t)82

(4.16)

For second-order autocorrelation
Yr(t)-ó1yr(t-1 )-O2yr(r-2)=u (t ) .

a2
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transition equation:

YP(t)=yp(r-1)+d+<¿(r)

whereY=incomeseries

YP = t rend

YT = cyc l ical component

d = drifr
ùt e = white noise processes,

mutualIy uncorreLated

O(t) = a finite polynomial in

assumed to be

Lhe lag operator L

(4.17)

In the above state space model, the income series y(t),
which is actual.ty observable, is related to the state
variable of the unobserved trend component yp(t) in the
measurement equation. Even if the trend component yp(t) is
not directly observab].e, its movements are assumed to be
governed by a random wal-k ¡,¡ith dri ft process in the
transition equation.

The unobserved component of the trend in the above state
space model can be estimaled by the Kalman filtering. The

Kalman filter provides an optimal solution for estimating
the trend by recursively applying a set of equations:s3 the
prediction, updating and smoothing equations. The optimal
predictor of the trend component for the income series,
YP(t), is estimated by the prediction equation with a given

83 For the detailed mathematical
Clark (1987) p.801-803.

form of the equations,



initial guess for the state variable and its variance. s4

Then, given an observation y(t+1 ) , yp(t+1 ) is estimated by

updating the estimated value of yp(t) in the updating
equation. When all the observations have been processed,

the filtered estimates are smoothed by the smoothing

equation. The smoothed estimators use all information,
l¡hereas the updati.ng equation gives the best estimators of
the state variabl-e based on the information available at
that tine.

Figure 4.5 presents the actual income series and the
optimal estimates for the trend using the KaIman filtering
subroutine FTKALM of IMSL (International Mathematical and

Statistical Library) edihion 9. The Lrend in the figure
smooths the series considerabl-y, compared with the irregular
trend of the di f ferenc ing detrending procedure , but i t i s

far from a linear curve of linear detrending procedure.

Once the trend of the series is found, the cycJ.e component

can be easily caJ.culated by subtracting the trend componenL

from the actuaL income series. Figure 4.6 shows the cycle
component of the income series.

Using the cycle component of income series, the model

specified in section 4,2 ís estimated by the SÀS SYSLIN

system and the estimated resulLs are reported in table 4.3.
The estimated results in the table show that the test F-

84 The first observation of income
initial value of the trend and
series for its initial variance,
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Figure 4.5; Trend Component of Income Series by State Space Model



Figure 4.6: Cycle Component of Income Series by State Space Model
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TABLE 4.3

Estimated Resulhs Based on Slate Space Model,

(1) (3)(2)

ßt

P2

p3

ßt

-0.699(0.10)

(0.12)
-0.277(0.12)
-0. 103
(0.10)

45.30
0.35

12.76

-0.029
(0.17)
0.072

(0.16)
-0.182
(0.16)
0.018

(0.17)

ss.63
0 .02
0.38

0.413
(0.07)
0.072

( 0.08 )
-0.031
( 0.08 )
-0. 1s3
( 0.07 )

46 ,47
0.31

10.94

SER
R2
F

SER
R2
F

28.29
(3.43)
-0.039
(0.11)

34. s0
0.00
0. 13

27.75
(7.06)
-1.070
(1.07)

70.79
0.01
1 .07

28.32
(3.40)
0.025

(0.11)

34.16
0.00
0.05

Note: For.the equation (1), the lagged values of
AYT(t) are used as instrumen[ãl variables.
For the equation (2), the 1agged values ofAC(t) are used as instrumentãÍ variabtes.
For the equation (3), the tagged vaLues ofAT(t) are used as instrumentãÍ variables.
The standard error of coefficients isgiven in parentheses.
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statistics for change in the consurnption equations are far
below the 5 percent critical value of 3.95 and the
coefficient of change in transitory income is statistically
insigni f icant at the 5 percent leveI. Therefore r w€

conclude that the test resuLts using the cycle component of
income series calculated by the state space model as

transitory income in the present model support the theory.

4.6 Test ResuLts Based on Spectral Ànalvsis
The detrending procedures discussed in the above section
were based on special assumpt.ions about the trend.
Specifically, the trend is assumed to be either Iinear in
the linear detrending procedure or random walk with drift in
the differencing detrending procedure and the detrending
procedure by the state spacè model. Considering that a

generally acceptable definition for the trend is not
obvious, there is no reason to suppose that the trend can be

approximaled by a monotonic expression such as linear or
random walk \,¡ith drifL. As argued by Granger ( 1966) , a

curve that would be considered as a "trend" in a short
series would not be so considered if the series were

1onger.8s Therefore, the proper definition of the trend is
1ike1y to depend on the amount of data avai j-able.

8s Granger used temperature
temperature series was
hours during the day,
appear as a trend in the
be considered as a trend
period of three months,
fluctuation would appear

readings as an example. If agathered every minute for four
then the daily fluctuation would
series. However, it would notif the data were available for a
since in such case the annuaL

as a t rend.
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In this section r wê decompose the trend and cycle
component of the income series more generalLy by spectraJ.

analysiss6 rather than depending on the assumption of either
a constant rate of income growth or a specific form of ARIMA

model- for the income series. Àn advantage of using spectral
analysis is that the difficulty invoLved in identifying the
ARIMÀ model of time domain analysis can be easily avoided.
Besides, spectral analysis is very useful for the purpose of
decomposing trend and cycle component from the income series
since the analysis provides the information on the cyclical
movements of the series.

cranger (1966) observed that the majority of power

spectra estimated from macroeconomic data are of a similar
shape. A number of polrer spectra of economic series
displayed the typical shape of its maximum at zero frequency
and the overpowering importance of the 1ow frequencys?

components, indicating thaL the series is strongly
positively autocorrelated. Ih is weII known lhat the trend
contained in the economic time series raises the value of
the pover spectrum at the low frequencies. The spectral
density of the income series is of course not an exceptional
case of this typical shape, as well shown in figure 4.7 of

86 This is also known as anaLysis in the frequency domain.For the easiest explanation on this analysis säe Harvey(1981).

87 In the spèctraI analysis, Lhe lower frequency meâns thatthe period of cycle for the components -is ionqer sinèé
!h. period of cycJ.e is equal to 2¡/c¿, r¡heie 

" i;frequency.
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power spectra of the income series. The spectrum f (ar) in
the figure is defined by the following continuous function
and calculated as the Fourier transform of the
autocorrelation function 7(t) using the SAS SPECTRÀ system:

f (c¿) = (2tr)-1[z(0) + zi r<t)coso(t)]
t=1

(4.18)

where the frequency in radians r.r can take any vaLue in
the range (-zr, r), From the estimated spectral density of
income series shown in the figure, it is knov¡n that po!¡er

spectra have their peak at zero frequency and are
concentrated at Ior1, frequencies. Following the argumen!s of
cranger ( 1966) and Singleton ( 19BB) , this proporÈion of
spectraL densities at lol¡ frequencies is interpreted as the
trend component. Granger def ined the trend as aIl
components of the series whose wave length equaì.s or is
greater than the length of the series.Bo This means that the
trend consists of al1 frequency components wiLin o;S2r/n,Bs

l¡here n is the sample size.

The filtering technique enables us to decompose the trend
and the cycle components of the series by extracting J.ow

frequency components of the trend from the power spectra. A

88 This gives more flexibility to define the trend whichdepends on the amount of data available. As fonõåiperiod of data become availabLe, the trend to, iãnõãiperiod can be easily defined.
The frequengy -T/16 was arbitrarily chosen by Kydland andPrescott ( 1982 ) for detrending.
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low-pass version of the Butterworth fiLterso is applied to
extract the trend component from the series. Às shown in
figure 4.8, the filter has the effect of truncating the high
frequency componènts of the cycle component of income

series.

Using the computer program for the BuLterworth filter in
Kanaser¡ich (1981), the trend component is calculated and the
trend and actual. income series are shown in f igu.re 4.g.
From the trend component, the cycle component of income

series is calculated and figure 4.10 presents the behavior
of the cycle component. The trend in figure 4.9 displ-ays a

smoother Line than the trend from the state space model in
figure 4.5. Accordingly, the cycle component from spectral
analysis is greater than that from the state space model.

To test the lheory, the present model specified in
section 4.2 is estimated using the SAS SySLIN system and the
estimated results are shown in table 4.4. From the low test
F-statistics and the insignificant coefficient of the
variable ÂYT(t), we conclude that thè test resuLts support
the theory.

This low-pass filter passes low frequency components butblocks or attenuates high frequenðy componeñts. SeeKulhanek (1976) for the more detáiIs öf tf,ã filrer
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TABLE 4.4

Estimated Results Based on Spectral Ànalysis

(1) \¿) (3)

p1

þz

ßs

þc

SER
R2
F

-0.093
(0 ,12)
0.501

(0.12)
0.094

(0.13)
-0.070(0.13)

98.83
0.22
tr lô

0.045
(0.40)
-0.001
(0.40)

0 .022
(0.40)
0.076

(0.40)

111.79
0,00
0.01

^ tôr
(0.1e)
0.264

(0.20)
a\ Frô

( 0.20 )
0.f16

(0.19)

96 .12
0.26
6.54

SER
R2
F

29 ,48
(3.71)
-0.003
( 0.07 )

32.82
0.00
0.00

33.26
(19.08)

0,711
(3.14)

83.33
0.00
0.05

29.26
(3 .77 )

-0.044
( 0.07 )

33.37
0.01
0.43

Note: For_the equation (1), the Iagged values of
ÂYT(t) are used as instrumenlãt variabtes.
For the equation (2), the lagged values ofAC(t) are used as inátrumentãi variables.
For the equation (3), the lagged values of
Ar(t) are used as inÀtrumentãl- variables.
The standard error of coefficients isgiven in parèntheses.
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Summary and Conclusion

In this chapLer, Life cycLe-permanent income hypothesis
under rational expectations was tested in the nested model

by investigating whether change in consumption is influenced
by change in transitory income. In empirical estimation,
the cycle component of the income series was interpreted as

the transitory income and dèrived by applying the following
four di f ferent detrending procedures:

1. I inear det rendi ng

2. di f ferenc ing

3. detrending by state space model

4. detrending by spectral analysis

The test results from estimating the present model using
calculated transitory income by the above different
detrending procedures unanimously supported the implication
of the theory that consumption foLlows a random walk with
drift. The implication of the random r¡alk model of
consump!ion is that the optimal decisions of agents induce a

stochastic trend in the consumption series.

fhe distinguishing features of the model used in this
chapter are thãl the sensitivity of test results for
different detrending procedures can be shown by estimating
the model based on four different detrending procedures, and

that the regression problem of Nelson and Kang (19g1) and

Granger (1986) can be avoided by using the first differenced
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series for the dependent and independent variables in the

mode I .
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Chapter V

ATHEORETICÀL ANÀLYSIS OF ÀGGREGATE CONSUMPTION
BEHAVI OR

Introduction

About the same !ime HalI (1978) published his seminal
paper on the study of the Iife cycle-permanent income

hypothesis under rational expectations, another atheoretical
approach to explain the relaLionship between consumers,

expenditure and disposable income was developed by a group

of British ec on ome t r i c i a n s , Davidson, Hendry, Srba, and yeo

(1978) (henceforth DHSY). À data-based approachsr sas

applied to derive the consumption function of DHSY. The

aggregate consumption function of DHSY is also kno¡vn as the
Error Correcting Model (ECM) since it is derived based on

the assumption that consumers make plans which may not be

achieved and they adjust the next. period's plans to recoup a

portion of the error between income and consumption. Thê

Lraditional error correcting model of DHSY is validated by

the recent paper of cranger and EngLe (1997). Granger and

Engle show that if a vector of variables is cointegrated,s2

er The data-based approach to econometricsbest modef to describe the behaviorinvolved, based on the concept ofprocess.
e2 For the definition of this term refer to
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then there is a valid error correction representation of the

data which is not Liable to the spurious regression problem.

Therefore, if the consumption series is cointegrated with
the income series, then the error correcting model can be

specified f o.r the consumption series,

The purpose of this chapter is to establish the

robustnèss of the model in chapter 4 by shoving that the
model encompasses the cointegrating and error correcting
model of consumption. For the purpose, the organization of
this chapter is as f oLl-ows, The DHSY's error correcting
modeL is discussed in section 2. In section 3, following
Granger and engle (1987), the cointegration beteeen

consumption and income in Canadian context is revie¡,¡ed. In
section 4, the relationship between the nodel in chapter 4

and the cointegrating and error correcting model for
aggregate consumption behavior is discussed, and the present

model is tested based on the specificaLion of the
cointegrating and error correcting modeI. Section 5

presents the summary and conclusion.

E' Error Correctinq Model of Consumption

The error correcting model of DHSY is a study on the
dynamic properties and Iag structure of the relationship
between non-durable consumption expenditure and disposable
income using postwar UK quarterLy data. The specification
of an annual version of the error correcting model of ÐHSy

can be sholyn in the following equation:

- t¿t -



ÁlnC(t)=ao+ørAlny(t)
+ u(t)

¿z [1nc(t-1) - lny(r-1)]

consumpt ion and

(s.2)

(5.1)

In the above model, the change in the naturaL logarithm
of consumption ALnC(t) is determined not only by the change

in the natural logarithm of income A]ny(t), but also by the
lagged discrepancy between consumption and income, which is
a portion of the error bellreen income and consumption. The

above ÐHSYr s error correcting model specificaLion for
consumption behavior is derived by imposing steady state
equilibrium restrictions on the diseguiLibrium relationship
between consumption and income as shov¡n belo¡,¡.

The equilibrium relationship between

income is

C*(t) = K*y*(r)

where * represent equilibrium val-ues. e3 Taking natural-
logarithms of both sides of the above eguation, we obtain

InC*(t) = Inlt* + 1ny*(t) (5.3)

The disequilibrium relationship between consumption and

irrcome, which we normally observe in reality, is assumed to
be represented in the following equation involving lagged

values of consumption and income:

s3 For example, thi s
relationship between
l ncome .

equation may represent an underlying
permanent consumpt ion and permanent
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lnC(t) = LnK + Brlny(t) * Brlnv(r-1) + ztnC(t-1)
(5.4)

By setting thaL

lnC( t )=1nC(t-1 ) =InC* (t )

and

tny( t )=1ny(r-1 )=l¡y* (¿ ¡,

the long-run equilibrium along a steady state grotrth path of
the above disequilibrium equation is obtained as follows:

tnc*(t) = 1nK/(1-7) + [(B1+8")/(1-7) ]tny*(r) (s.5)

For the above equaLion to be consistent with the natural
logarithm representation of equilibrium relationship between

consumption and income, the following restrictions are
imposed on the parameters:

K = K,*(1 _ t)
7 = 1 - 9r - þz

Substituting the above restrictions into the
disequiJ.ibrium relationship equation, we have

tnc(r) = lnK*(1 - 7) + BlIny(r) + BzIny(r-.1 )

+ (1 - þt - þz)lnc(r-1) (s.6)
or

AInc(t) = oo + orÂlny(t) - ¿z[lnC(t-1) - lny(t-1)]
(s.7)
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v¡he r e lnK*(0t + þz)

þt

ßt + ßz

This error correcting model of DHSY relates change in
consumption not merely to change in income, but aLso to
disequilibrium between the leve1s of consumption and income

in past periods. The premise of this kind of error
correcting model approach to applied econometric modelLing

is that Long-run relationships in the data can be

incorporated into the model. This is a distinguishing
feature compared ¡vith the influential Box-Jenkins approach
(eS. ARIMA model ) since the latter has the drawback that it
resuLts in a loss of valuabte Iong-run informaLion in the
da ta.

Mizon and Richard (1995) have emphasized thaL a model

should be evaluated not only in lerms of the data coherency

and lhe congruence with the undertying theory, but also the
ability to encompass the findings of other researchers.
Here, it is shown that the random r,¡alk model of consumption,
which is the implicaLion of Iife cycle-permanent income

hypothesis under rational expectations, encompasses an error
correcting model of consumption if the stochastic process of
income is generated a specific way, as shown in the
following equation:

ALnY(t) = (¡r - ao) fat - (or/o, ) [rny(r-1) - rnc(t-1)]
+ (L,/¿r)e(r) (5.g)

AO

o, ,l

A2

- t¿+



where €(t) is the innovation between time
period. Given the above income process,

correct ing model of

Atnc(t) = ao + a1ì.nAlny(r)

+ u(t)

will be observationally equivaJ.ent

r¡alk nodel of consumpt i on

Âlnc(t) = s + )re(t) + u(t)

- ¿2 []nc(r-1) - Lny(r-1)l

and t
error

(s.e)

bo the f oi.lowing random

(5.10)

t-1

the

where u(t) is the consumption disturbance. The above

equa!ion, in which the natural logarithm of consumption

tnC(t) follows a random walk !¡ith drifb, is an alternative
specification of the theory derived by Hansen and Singleton
(1983) under the assumptions of a constant relative risk
aversion (cnne) utility funcLion and a Lognormality for the
conditional distribution of consumption, On this basis.,
Bean ( 1986) argued that the error correcLing model of
consumption shouLd not necessariJ.y be viewed as a mutualLy

exclusive alternative to the random walk nith drift model of
c on sumpt i on .
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5.3 Cointeqration betlreen ConsumÞtion and Income

From the economic definition of equilibrium, there vril1
be internaL forces which tend to push the economy back

to\rard equil,ibrium whenever it moves away from equilibrium.
If there is an equilibrium relationship between consumption

and income,e4 then the two variables shoutd not diverge from

each other by boo great an extent, at least in the long-run.
Às argued by cranger (1986) and Engle and Granger (j987),
such variables may drift apart in the short-run, for
example, because of seasonal fâctors, but economic forces,
such as market mechanism or government intervention, l¡itL
bring them together again if they continue to be too far
apart in the long-run. The above idea undèrlies building
the cointegrat ing model . Engle and Granger ( 1 997 ) found

that consumption and income, short and long interest rates,
and nominal cNP and M2 are cointegrated series,
respectively. Therefore, the error correcting model of
DHSY, which explains long-run relationship and shor!-run
dynamic behavior between consumption and income, can be

considered as an example of the application of the preceding
idea. In fact, EngLe and cranger (1997) clarified this
point by proving that cointegrated series have an error
correcting modeL representation and an error correcting
model generates cointegrated series, conversely.

s4 The permanent income hypothesis
!h. equi l ibr ium relationship
tncome.

is one exampl.e of showing
bet\,¡een consumpt ion and

-126-



The historical background of the developnent of the
cointegrating model is as follows. Às cranger (1966)

observed, a large number of economic data has the typical
spectral shape that poÍrer spectra have its maximum at zero
frequency and decline sharply as frequency increases. From

his observation of the typicaJ. spectral shape, it is
possible to consider that there is a connection between or
among the economic series. The implication of the 'typical
spectraL shape' of cranger (1966) is that most macro

economic series have a unit root. The existence of unit
roots in economic time series data has been ¡r,ell revealed by

the analysis of Box-Jenkins mode j,Iing techniques and by the
direct testing of Nelson and plosser (1982). À formal test
procedure for the existence of unit roots has also been

developed. Dickey and Fuller (j979,199j) suggest a t_test
for the existence of unit roots in autocorreLation, based on

their or,¡n tabulated critical values. Sargan and Bhargava
(1983) test lhe existence of unit roots based on the Durbin-
Watson statistics. phillips ( 1987) has also developed a

tesË procedure based on the knowledge of the distribution of
estimators. The results of these tests are that many

macroêconomic tirne series have a unit root. The evidence of
the existence of unit roots in time series data suggests

differencing data in practice to remove nonstationarity
caused by unit roots. The practice of using differenced
data for regression anaJ-ysis is especiaLly usefuL to avoid
the spurious regression problem of Granger and Newbold
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(1974).ss Since the procedure of differencing results in a

Loss of valuable long-run information in the data, the
concept of cointegraLion has been suggested by Engle and

Granger (1987) as one solut.ion to the problem.

Consider a time series, y(t), measured at equaL intervals
of time. This series y(t) is called 'integrated of order
zeto', denoting I(0), if the series has a spectrum which is
finite but non-zero at alt frequency.s6 Some series may need

to be differenced in order to achieve stationarity. If the
series needs differencing d times to become I (0), then the
series is caLted integrated of order d, denoting r(d). In
this case, the bth differenced series of the data is I(d-b).
Sometimes, vre can achieve I(0) by inLegrating (summing) two

series. Consider a pair of series y(t) and X(t), each of
which is I(1).e7 If there is a constant nonzero B such that

Y(r) - Bx(r)

is i (0), then y(t) and x(t) are

Based on their concept of the

integration, Engle and Granger

(s.11)

sa id to be 'co-integrated,.
above i ntegrat ion and co-

( 1987 ) proved !hat there

96

Granger and Ne¡,¡bold showed that in the regression of arandom walk series on an independent random walk series,thg nuII hypothesis of no relation r,¡ouId be wronglyrejected at the 5 percent level by the traditional- itest.
This indicates that the series is stationary, implyingthat condítional mean, variance and autocorrãÍatio'ns-aré
t ime- i nvar i ant .

A series r¡hich can be represented by a random walk model
i s a good exampJ-e ,

9?
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a1!¡ays is the following error correcting form of a data
gènerating mechanism for y(t) and X(t):

aY(r) = ø(r) [Ây(r),ax(r)]
+ €1(t)

AX(r) = 0(L) [ay(r),ax(r) ]

+ ez(t)

- rr[v(r-1) - Bx(r-1)]
(s. 12 )

(5. 13 )

trz[v(t-l) - BX(r-1)]

where 6(r.) and O(r,) are a finite polynomial in the lag
operator L, Engle and cranger (1992) suggest estimating thè
above model by the two-stèp estimation procedure. In the
first step, the levels regression which shows the long-run
reLationship between y(t) and X(t) is performed to obtain
the estimator B by the Ordinary Least Squares (of.S). Then

the residuals from this regression are entered into the
above error correcting mode1, which describes short run

dynamics, in place of the 1evels terms.

This tv¡o-step estimation procedure rests on the
assumption thaL the series y(t) and X(t) are cointegrated.ss
Therefore, it. is important to test for cointegration before
estimating a multivariate dynamic model . One test suggested
by Engle and Granger (1987) is the Cointegrating Regression

Durbin Watson (CRDW) test. This test investigates
stationarity of the residuals from running the cointegrating
regression by checking the Durbin-Watson statistic. The

test rejects the null hypothesis of no cointegration if the

s8 This indicates that the relationship between the tr¡oseries is in equilibrium in the long-run.
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Durbin-Watson statistic of the cointegrating regression
exceeds their tabulated critical value. Some other tests
suggested by Engle and cranger are applying the Ðickey_

Ful1er test to the residuals of the cointegrating
regression. To test the existence of cointegration, the
following Dickey-Fuller regression is estimated using the
residuals u(t):

k
Âu(t) = -óu(r-1) + x b(i)au(r-i) + e(r) (s.14)

i=1

Engle and cranger (1987) tabulate the critical values for
the Dickey-Fu]1er (DF) test statistics ¿2 and the Augmented

Dickey-FuJ.ler (ÀDF) test statistics t¡, by calculating
anaLogously to !-statistics for the coefficient ø in the
above equahion, with k set equal !o zero for the DF test and

to four for the ÀDF test.ss The essence of the above test
procedures is to investigate whether the residuals series
u(t) of the cointegrated regression is I (0). If u(t) is
I(1), then Y(t) and X(t) are not cointegrated since y(t) is
I(1) and x(t) is also I(1).

In this section, Lhe concept of Engle and Granger's
cointegration analyzed in the above is applied to Lhe

consumption series and the income series. The data used for

ss Engle.and Granger (1987 ) also sugges! lhe Restricted VAR(RVÀR), Augmented Restricted VAR (ARVAR), Unrestricted
vÀR (UVAR), and Augmented Unrestricred vÀR (ÃñÃñt--a;;;
procedure for testing cointegration. F.or the details òfthese test procedures see théir paper p.264-270.
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anaLysis is,the Canadian quarterly real per capita personal

disposable income and the real per capita consumptionl0o for
the sample period of 1961:t to 1987:iI,1olwhich is hhe same

as the data used in the previous chapters.

First, the assumption that the income series and the
consumption series are I(1) should be checked. The incomè

series is already shown in section 3.3.2 to be I(1) ¡y
analyzing the autocorrelation function of the series and the
Dickey-FulIer test results. The same technique is applied
here to analyze the behavior of the consumption series.

The autocorrelations for the l-eveLs and the first
differenced series of consumption are presented in table
5.1. The autocorrelation function (ÀCF) of C(t) shown in
table 5,1 drops off sloÌrly as lag length increases,
indicating that the consumption series is nonstationary.
The partial aut.ocorrelation function (p¡cf,) of C(t) in ¡he

table suggests an AR(1) mode1, since it drops to al-most zero
after Iag one. 1o 2 Furthermore, the simpJ.e and partial
autocorrelations of the first differenced series of
consumption Ac(t) in table 5.2 are consislent ¡rith the
assumption that the series is stationary. In fact, the
shape of the spectral density function of the first

100 The _consumption series is the sum of personal
expenditure on nondurable goods and personaf expånaituiãon services.

101 The source of the data is ',CÀNSIM University Base" databank. See section 3.2.1 for the details ot -ttre data.
t 0 2 See f ootnote q9 b,72) in chapter 3.
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TABLE 5. 1

Sample Àutocorrelations of Levels of Consumption C(t)

Numbe r
of Lags

S imple part ial
Autocorrela!ion Autocorrel-ation

1

2
3
4

6
7
I
9

10
11
12
1')
'1 4
15
tb
17
18
19
)^
¿t
22
¿3
¿4

0.97
0.95
0.92
0.90
0.87
0.85
0.82
0.80
0.77
0.74

0.69
0 ,67
0.64
0.61
rì EÔ

0.56
0. 54
0. s2
0 .49
0 .47
0 .44
0 .41
0.39

0 .97
0.00

-0,01
-0.03
-0.00
-0.01
-0.03
-0.01

0. 01
-0.02
-0.02
-0. 01
-0.00
-0. 02
-0.02
-0.01
-0. 01
-0. 01
-0.00
-0.03
-0.04
-0.01
-0. 03
-0.04

Note: The consumption series C(t) contains .f 06
observat i on s.
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TABLE 5.2

Sample Àutocorrelations of AC(t)

Numbe r
of Lags

S imple part ial
Autocorrelation Autocorrelation

1

2
?

4

6
7
o

9
10
11

13
14

16
17
18
19
20
21
22
)a

-0.02
-0.02

0.24
0. 10

-0.00
0.04
0. 10

-0.08
0.05
0. 18
0.03

-0. 17
0.10
0.06

-0.07
-0.04

0.10
-0.09
-0.04

0.15
-0. 16
-0.09
-0 .17
-0.07

-0.02
-0.02
0.24
0.11
0.0.1

-0.01
0.06

-0.09
0.05
0.15
0.08

-ô tn
-0.00
0.00
0.01

-0.05
0.08

-0.07
-0.01
0.06

-0. 13
-0.04
-0.2s
-0. l0

Note: The firsh differences AC(t) contains
105 observations.
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di f ferenced series AC(t) shown

that of the spectral density
Therefore, the above analysis
levels and first differences
implies that C(t) is ¡(1).

in fígure 5.1 is similar to
function for a white noise.

of autocorrelations of the

of the consumpt ion ser ies

i)ax(r-i) + €(r)
(5.1s)

To check more formalLy that the consumption series is
I(1), the uni t root test of Dickey-FuIJ.er ( 1981) is appì.ied.
FolÌowing Dickey and Fuller, the levels and the first
differences of the consumption series are assumed to be

adequately represented by the f ollowi.ng model:

kx(t) = ßo + ßrr + px(r-1) +.X_a(
ì= I

where X(t) can be either C(t) or AC(t). Since only the
standard error of autocorrelation of AC(t-3) exceeds the
vaLue of two,1o3 the above equation with k=3 is considered
to be sufficient for the purpose of testing the existence of
a unit root, Table 5.3 reports the estimaled results of the
equation vith k=3. The statistic iÞg shown in the table is
calculated as one would calcuLate the F-statistic to tèst
the nu]l hypothesis that (ßt,p)=(0,1). Since the critical
value of the statistic iÞg at the 5 percent level is given as

6.49 in the Dickey and Fuller's table Vr (.1 9g1, p.1063), we

concLude that the statistic iÞ3 of .1 ..f g f or C(t) does not

I 0 3 This is known . from the scatter diagram ofautocorrelations (not shown here) printed by thã sAS/ETa
system.
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TÀBLE 5.3

Dickey-FuLì.er Test Results for Consumption Series

x(r): c(r) ac(r)

¡Jo

ßt

p

A1

Az

O3

SER
iÞe

153.88
(1 .79)

1.11
(1,47)

0.96
( 38.2 )

0.01
(0.0s)

0.01
(0.1s)

0.26
(2.6s)

33.49
t. tö

20.81
(2.26)
-0.02(-0. 16 )
0.31

(1.61)
-0.35(-2.00)
-0.35

( -2.48 )
-0.11(-1.08)

33.69
6.54

Note: The t-ratios are given in parenlheses
below coefficients. The statistic rÞ3,
caLculated like the F-statistic, teststhe nu11 hypothesis (É,,p)=(0,1)
against the aLternative ( þr,p)l(Or1).

reject the nul1 hypothesis (Ér rp)=(0,1) at the 5 percent
significance l-eveI, whereas the statistic iÞ¡ of 6,54 for
AC(L) rejects the nuIJ. hypothesis at the 5 percent level,
The above Dickey-Fuller test results support the conclusion
from the analysis of autocorrelations that the consumption

series is nonstationary in 1evels but stationary in first
differences, which means that c(t) is I(l).

Based on the findings that y(t) and C(t) are I (1), the
cointegrating regression of the consumption series C(t) on
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the income series y(t

result s are obta i ned:

1S performed and the following

(s.17)

c(t) = 1588.36 + 0.46 y(r)

SER=92.55 Dr.¡=0.382

(s.16)

where the standard error of coefficients is shown in
parentheses. According Lo the CRDW test, there is no

evidence of the existence of cointegration since the test Dl.¡

statistic of 0.382 is below the 5 percent criticar value of
0.386, ¡.¡hich is given in the EngIe and crangèr's Lable II
(1987, p.269), and the null hypothesis of no cointegration
is no rejected at the 5 percent significance f evel_.

The reverse cointegrating regression of y(t) on C(t)
also estimated and the results are as follows:

1S

Y(t) = -3317.02 + 2. 14 c(r)

SER=198.73 Dw=0.383

where the standard error of coefficients is shor+n i.n

parentheses. The DW statistic of 0.393 again does not
reject the nuII hypothesis of no cointegration at the 5

percent level. Whichever way the cointegrating regression
is run, the estimated results using the Canadian data show

that there is no cointegration between consumption and

income.
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Next, for the DF and ADF tests, the Dickey_F,uller
regression is run using the residuals from the cointegrating
regression, and the EngLe and Granger's { 2 and { 3_statistics
are calculated for the cointegration test. The estimated

TABLE 5.4

Dickey-Fu]ler Regression for ARC and ARy

Au(t): aRc(r) ÄRY(r)(1) (1)(2) (2)

a

br

Lu2

bs

b¿

0. 18
( 2.84 )

0.1I
(2.52)
-0 .17

(-1.sr )
0.08

( 0.67 )
0.16

(1.41)
0.25

(2.40)

54.09
1 .97

0.1I 0.18(2.86) (2.54)
-0,17(-1.s4)
0.07

( 0.67 )
0.1s

( 1 .40 )
v . ¿+

(2.3e)

120.39 116.38
2.31 1 .97

SER
DW

s5. 96
2 ,31

Note: The t-statistics are in parentheses. RC denotesthe residuals from the cõintegrating ,"gr.s-ión-of C on y and Ry is the residuaLs fiom itrecointegrating regression of y on C. fhe modelestimated for (1) is Au(t)=_øu(r_1)*.(ti anã--f.or (2) au(t)=-Ou(t-1)+brau(ú-l ) *¡zau ii_z ) *-boAu(t-3)+b4Äu(t-4)+e(t), in which-u can beeither Rc or RY.

results are reported in tabLe 5.4. The Ë2-statist j.c for the
DF test and {3-statistic for the ÀDF test in the table are
2.84 and 2.52 for the cointegrating regression of C(t) on

Y(t), and 2.86 and Z.S4 for the cointegrating regression of
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Y(t) on C(t). The critical value at the 5 percent l-evel
given in the Engle and Granger's tablè II (19g7, p,269) are
3.37 for {2-statistic, and 3.17 for {3-statistic.
Therefore, we conclude that both tz and ts statistics does

not reject the null hypothesis of no cointegration at the s

percent signi f icance 1eve1.

From these test results Ìre conclude that there is onty
negligible cointegration bètween the consumption series and

the income series for the canadian data.loa Nevertheless,
the error correcting model is estimated for the short_run
dynamics of the syslem.

For the consumption series, the change in consumption is
regressed on the error correction term from the
cointegraLing regression and one lagged change in income,ros
and the estimated result is shown in the first column of
table 5.5. The second coj.umn of table 5.5 reports the
estimated result of a general rnodeL in which change in
consumption is specified to be reLated to Èhe error
correction term plus four lags of consumption and income

changes. The third column of table 5,5 shows the estimated
result of the model searched by appLying the stepwise
regression procedure to the second column modeI. The

r0a Engle and.Granger (1987) sho¡r that the nuII hypothesisof .no cointegration between consumption and i;¿;;;-;;rejected at the 5 percent level for'the u.S. q;;l;ri;data from 19q7 tI to 1991 : I I .

105 This model is the same as the model specification ofDHSY in sect ion 5.2.
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TÀBLE 5.5

Error Correcting Regression of Consumption

(1) (2) (3)

Const.

Rc(r-1)

aY(r-1)

aY ( r-2 )

aY(r-3)

aY(r-4)

ac(r-1)
ac(r-2)

ac(r-3)

ac(r-4)

SER
F

26.78r, 21 ,42," 21 .54*(7.09) (3.13) (5.07)
0.03 0.02

( 0. 81 ) (o .42)0.03 0.02(0.e4) (0.s7)
0.02

l0 .7 4)
0.01

(0.42)
-0.06(-1.71)
_0.06

(-0.s0)
_0.03

(-0.2e)
0,22 0.24r,

(1 .e2) ( 2. s1 )
0.12

(1.0s)

34.20 33,62 33.060.65 .1 .30 6.29

Note: The t-ratios are shown in parentheses.
RC is the residuals from cöintegrating
regression of C(t) on y(t). * denoteãthe coefficient r,¡hich is significantat the 5 percent level.

estimated results of three different rnodels shown in the
table fail to find the relationship between consunption and
income in the error correcting system context. Instead, it
is found that three lagged value of change in consumption
Ac(t-3) has some influence on change in consumpt.ion. ro6 The

I o 6 The ínterpretat ionpossible that the
of this result is not easy, but it isresult is caused by somã remaining
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test result supports the implication of the 1i
permanent income hypothesis that consumplion
random walk r+ith drift since the estimated results
change in consumption is not reLated to either
correcting term or the J.agged values of change in

fe cyc 1e -

f oL 1or,¡s a

show that

the error
income.loT

For the income series, the same modeL that lras specified
for the consumption series is estimated. Table 5.6 reports
the estimated results for the income series. The results
shol that change in income i s related to the error
correction term from the cointegrating regression and tvo
lagged value of change in income Ay(t_2) . However r âS

expected from the test results for cointegration between
consumption and income, the estimated resufts of either Lhe
consumption series or the income series show no relationship
bellreen change in consumption and change in income.

seasonal. factors.
The clear relationship between the errormodel and the modet of chapter 4 in testing¡,¡il1 be discussed in the neit section. --
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TÀBLE 5.6

Error CorrecLing Regression of Income

(1) (3)Q)

Const.

RY(r-1)

ac(r-1)
ac(r-2)

ac(L-3)

ac(r-4)

aY(r-1)

aY(r-2)

aY(r-3)

aY (r-4 )

SER
F

54,64t*
(3.80)
-0. 19*

(-3.3s)
0.01

(0 .04 )

40.91
(r.86)
-0,02(-2.7?)
0.02

( 0.06 )
0.18

(0.50)
-0.22(-0.60)
-0. 18

(-0.50)
-0.12(-1.10)
0. 19

(1 ,73)
0 .14

(1.23)
0.12

(1.14)

107.86
2.54

43.30*
(3.70)
-0.20*(-3. 6e )

109.26
6 ,32

0.21,t
(2,29)

106 . 47
9.28

NoLe: The t-ratios are shown in parentheses.
Ry is the residuals from còintegrating
regression of y(t) on C(t). x denote!the coefficient which is significant
at the 5 percent level.

5.4 Testinq the Theory Based on ECM

In section 4,2 of. chapter 4, the implication of the Iife
cycle-permanent income hypothesis under rational
expectations was tested in the following nested model:

Ac(t) = ¡t + ÀAyT(r) + 2(r)
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Since AYT(L) may not be orthogonal to y(t), the Two Stage

Least Squares (TSLS) method was applied and ÁyT(t) was

estimated by instrumental variables in the first stage. The

rel.ationship between the model in chapter 4 and the error
correcting model is that the modeL in chapter 4 r,¡ou1d be the
same as the error correcting modeJ. if the regressors in the
error correcling model, the error correction tern plus four
Iags of consumption and income changes, were considered as

instrumental variables in the model.ros The one lagged value
of the residuals from the cointegrating regression is a good

instrumental variable for the change in transitory income

AYT(t) since the deviations from eguilibrium wilt be

strongly related wiLh transitory income provided that the
permanent income hypothes i s ho1ds.

I n thi s sect ion , the model in chapter 4 i s est imated

using transitory income, calculated by the four different
detrending procedures discussed in chaper 4, and the
insLrumental variables, defined from the error correcting
model of consumption in this chapter, i.e. the error
correction term and four lags of incone and consumption

changes. Table 5.7 rêports the estimated results. Thè

coefficient of change in transitory income, À, in the table
is not significant at the 5 percent level. The values of R2

are vèry Low and F-statistics are insignificant at the 5

percent Level in the second stage regression. These

ro8 This kind of interpretation
Mankiw (1987) in thè similar

¡cas made by Campbell and
model as the present model.
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TÀBLE 5.7

Test Results Based on lhe Specification of ECM

(1) (2) (4)(3)

dependent

Con st .

À

SER

El^

R,

var: AC(t)

60 .02
(9.30)

0. 13
(1.71)

43.95

a oa

0.06

28,04
(s.7r)

0.01
( 0.08 )

34. 15

0.01

0.00

28. 30 29.27(8.26) (7.76)
0.02 -0.04(0.s4) (-0.ss)

34.43 33.34

0.29 0.30

0.00 0.00

dependent

F1

R?

VAT: AYT(T)

2.45 2.53

0.37 0.20

30.00

0.7 4

1 .90

0.20

Note: The t-ratios are given in parentheses.

(1): the case of linear detrending(2): the case of differencing detiending(3): the case of detrending Ëy state spãce modeJ_(4): the case of detrendin! b! spectrai analysis
ì: the coefficient of Ây^T(t).
SER: SER for the second-stage regression
Fz: F-statistic for the second-siage regressi.on
R?: nz for the second-stage regres;ion
Fr: F-slatistic for the first-ètage regression
R1: Rz for the first-sta9e regresõion -
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estimated results indicate that the regressor of change in
transitory income AyT(t) does not explain the variaLions in
the dependent variable AC(t) at all. Therefore, we conclude
that the test resuLts of all four cases in the table again
support the theory, as we expected from the analysis of the
error correcLing model in section 5.3.

5.5 Summarv and Conclusion

In this chapter the error correcting model of
consumption, which is specified based on the concept of data
generating process, was reviel¡ed to show that the model to
test the theory in chapter 4 encompasses the cointegrating
and error correcting model- of consumption funcLion. With a

specific process of income series, it was shown that the
error correcting model of consumption is observalionally
eguivalent to the random walk with dri ft model of
consumption. Furthermore, the theory was tesLed based on

the estimated results of the model in chapter 4 for shich
the regressors in error correcting mode1, i.e, the error
correction term plus four J.ags of consumption and income

changes, are used as instrumental variables in the model.

The test results based on the cointegrating and error
correcting modeI, using the same Canadj.an data as used in
the previous chapters, supported the theory. This
conclusion !¡as expected since the cointegration test resuLts
by the CRDW, DF, and AÐF tests for the consumption series

145 -



and the income series of the Canadian data did not reject
the nul1 hypothesis of no coint.egraLion. Therefore, from

the analysis of the alheoretical model of consumption in
this chapter, we conclude that the theory is supported for
the Canadian data and that rat ional consumers let
consumption follow a random lralk with drift.
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Chapter VI

SUMMARY ÀND CONCLUS I ON

The developments in recent research of the late 1970s and

1980s on consumption function with rational expectations
have raised new questions that contradict the prediction of
the original Iife cycle-permanent income hypothesis.
Economists nov, want to examine two propositions with
rational expectations: first, whether consumption behavior
responds only !o changes in permanent incomel second,

whether consumers make different consumption plans only in
response to unanticipated changes in income. This study
addresses the investigation of the propositions in the
Canadian context in order to understand Canadian aggregate

consumption behavior. The understanding of consumersl

behavior from this study can be used in designing government

policies, such as social security, fiscal, and monetary
policy, which affect consumers' decision making on

expendi tures .

In chapter III, HalI's random walk model of consumption

was tested to see r¡hether the Canadian consumer follows the
life cycle-permanent income hypothesis under rational
expectations. If the coefficient of 1agged variables in the
random r¡alk modèI were significant, the theory should be
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rejected because the current l-evel of consumption is the
level- chosen by consumers so as to maximize expected

Lifetime utility given all available information. The

theory was supported v¡hen actual Canadian data was used in
Hall's test, and rejected when detrended Canadian data by

linear detrending procedure was used in Flavin's test. The

test results are the same as those for U.S. data. Following
the arguments of Mank is and Shapi ro ( 1 995 ) and Nelson
(1987), FIavin's test results for detrended Canadian data
\rere reappraised and l¡e found that !he rejection of the
theory was attributed to the detrending procedure.

In chapter IV, the theory was further tested in the
nested model where the random waJ_k hypothesis and Keynesian

consumption function are combined into a single model. The

nested model was estimated based on alI available detrending
procedures and the test results showed that the theory was

weLl supported by Canadian data. This conclusion is quite
robust in the sense that it is insensitive to the different
detrending procedures.

In chapter V, the theory was also tested by estimating
the model of chapter 4 based on the specification of the
error correcting mode1, and the test results again supported
the theory. This concLusion on testing the theory is robust
since the random watk modeL of consumplion can encompass the
cointegrating and error correcting model of consunption r,¡ilh
some restriclions on incone generating process.
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Although the test results using aggregate time series
dala supported the theory, this conclusion has some

Limitations as discussed in introduction chapter.
Therefore, further work on this subject can be done in the

following ways. First, as shown i.n the beginning of this
thesis, the random waLk modeL of consumption is derived
under specific assumptions about the consumers' utility
function and the interest rates. The sensitivity of our

conclusion on these assumptions is not discussed here and

further study on this issue can be done.

Second, testing the theory by estimating the model using

data from less deveJ-oped countries might be useful to
reinforce the conclusion. Considering that consumers in
those countries are more likety liquidity-constrained
because of such things as poor financial markets and low

income levels, the comparison of the concl-usion for Canadian

data with that for less deveJ.oped countries data would

further tesL the theory.

Third, it may be more desirable to test the theory by

tracing sampfe households' consumption behavior over a

sufficient time period when the data is available. The

theory can be tested by simulating the estimated modeL for
different cohorts with different assumptions about
government policies. For exampLe, by analyzing the

simulated effects that show how consumers respond to changes

in incone induced by temporary changes in tax and transfer
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policies, it is possible to observe whether consumers are
f olJ.owing the theory and what proportion of and r¡hich

category of consumers are liquidity-constrained or myopic.

Testing the theory by this simulation method is desirable
since it enables us to avoid the econometric difficulties
involved in recent empirical work of testing the theory with
J.iquidity-consLrained consumers by estimating the model

using aggregate time series data. However, this kind of
research can not be done until lhe data is available.

- 150 -



BIBLIOGRAPHY

ÀbeL, À. (ed. ) (1986), The Life CvcIe HyÞothesis of Savinq,
The Col lected papers of Franco t'lodigl ian i , vof . Z , ttre -

MIT Press.

Ando, À. and Modigliani F. (1963), "The 'Life Cycle'
Hypothesis of Saving:.Aggregate Implication and Tests",
American Economic Review, 55-84.

ÀLtonji, J.c. and Sior,¡, À. (1987), "Testing the Response of
Consump!ion to Income Change with (noi-y) panel-DaLa",
Ouarterly Journal of Economics, 293-328

Amemiya I T. (1974), "The Nonlinear Two-stage Least-squarèsEstimator", Journal of Econometrics, 105-110.

Anderson, T.W. (1971), The Statistical Ànalvsis of TimeSeries, John Wiley & Sons

Àoki, M. and Canzoneri, M. (1979), ,'Reduced Forms ofRational Expectations ModeLs", Ouarterlv Journal of
Economics, 59-71 .

Barro, R.J. (1981), Monev, ExÞectations, and Business
Cvcles: Essays in UeSIo."õnõ^-I 

" " , aãem i õ-ÞieEil
( 1984 ) , Macroeconomics, John wiley & Sons.

and King, R.c. (1984), "Time SeparabLe
Preferences and Intertemporal-Substitution Models of
Py:ilç!" Cycles", Ouarterlv Journal of Economics,
817-839.

Barsky, R.B. (1987), "The Fisher Hypothesis and theForecastability and persistence of InfIation", Journalof Monetary Economics, 3-24.

Beanr. C.R. (1986), "The Estimation of 'surprise' ModeIs andthe 'Surprise' Consumption FuncLion',, ñeview of EconomicStudies, 497 -516 .

Begg, D.K.H. (1982),
Macroecononics:
University Press

The Revolution in
The Johns Hopkins

Bellman, R. (1957), Dynamic proqramminq, princeton
University Press.

- '1 51 -



Bernanke, B.S. (1984), "Permanent Income, Liquidity, and
Expenditure on Àutomobiles: Evidence from panãÍ ÐaLa",
Quarterlv Journal of Economics, 587-614.

( 1985) , "Àdjustment Costs, DurabIes, and
Consumption", Journal of Monetary Economics,

Beveridge, S. and Nelson, C.R. (1981), "New Àpproach to
Decomposition of Economic Time Series intó- permanent andTransitory Components with particular Attention to
Measurement of the 'Business Cycle"', Journal of
Monetary Economics, 151- 17 4 ,

Bilson, J.F.O. (1980), "The Rational Expectations Àpproach
to the Consumption Function: A Multi-country Study',,
EuroÞean Economic Review, 27 3-299.

BLanchard, O.J.-(1981), "What is Left of the Muttiplier
AcceLerator?" , Àmerican Economic Review, 1bO-l 

-54,

and Kahn, C.M. (1980) "The Solution of LinearDifference ModeIs under Rational Expectations",
Econometrica, 1305-131 1.

aggregate
41-68 .

BIinder,.À.S. (1981), "Temporary Income Taxes and Consumer
Spending", Journal of Political Economy, 26-53.

and Deaton,
Consurnption Func t i on
Economic Àctivity 2,

A. ( 1985) , "The Time Series
Revisited", Brookinqs paÞers on
465-521 .

Boskin, M.J. (1987), "Consumption, Saving, and Fiscal
fqii.V", paper presented at AEA meetings, Chicago, Dec.
1987 .

Box, c.E.P. and Jenkins, c.M. (1976), Time Series Ànalysis:
forecastinq and control , Revised eaiti-on, Hof aõ:ãay,

Breeden, D.T. (1979), "Àn Intertemporal Asset pricing Modelwith Stochastic Consumption anà Investment
Opportunities", J-g-U!¡êl of Financial Economics, 265-296.

Brocklebank, J.C. and Dickey, D.A. (1986), SÀS System for
Forecastinq Time Series, sAS Institute Irrc.- 

-
Brown, D.p. and Gibbons, M.R. (198S), "A Simple Econometric

Approach for Utility-Based Àsset pricing ModeLs,',
Journal of Finance, 359-381 .

Cameron, N.E. (1987a), "Life-Cyc1e Savings in Canada
1961-1985", Paper presented at the CEÀ meetings,
McMaster Un ivers i ty, June 1987.

- 152 -



(1987b), ',Tþe Geriatric Boom and the SavingRate", mimeo, University of Manitoba.

Campbell, {. (1987), ,'Ðoes Saving Ànticipat.e Declining Labor
Income / An Alternative Test of the permanent fncomeHypothesis", Econometrica , 1249-127 4 .

and Deaton, À. (1987), "Is Consumption Too
Smooth?", Discussion paper 9122, erínceton'Univeriity.

_--------.__ .and Mankiw, N.ç. (1987 a), "Are OutputFluctuations Transitory?", OuarterÍv rlournal of
Economics, 857-880

............... 

- 

and - ( 1987 b) , "Permanent Incone,
9u.l9l! Income, and Consumption", NBER Working paper
NO.Z4Jb.

Carlino, c.À. ( 1982) , "Interest
I nterlemporal Con sumpt i on " ,Economics, 223-234.

Chow, G.C. (1975), Ànalysis and
Systems, John wiley & Sons.

_-________=___:--.......:=. 
(1981), Econometric Ànalvsis þ¡¿ Control Methods,

John I,l i 1ey & Sons .

(1983), Econometrics, McGraw-Hi11.

Rate Ef fects and
Journal of Monetarv

Control of Dynamic Ec onom i c

and Corsi, P. _(]982), Evaluatinq the Reliabititvof Macro-economic Mode1s, .rorrñ wirey e sons.-
Christiano, L.J: (1987a), "Why ts Consumption Less Volatile

Than Income?", OuqrterLy äeview, FaJ.i, Federal Reserve
Bank of Minneapolis, 2-20.

_______._.-_-_-. (1987b), "Is Consumption Insuf f icientlySensitive to Innovahions in Income?", Àmerican EconômicReview, 337 -341 .

Clark, l.i{. (1987), "The Cyctical Component of U,S. EconomicÀctivity", Ouarterlv Journal of Eèonomics, 797-914.

Cooley, T.F. and LeRoy, S.F. (1985), "AtheoreticalMacroeconometrics: À Critique", Journal of Monetary
Economi c s , 283-308.

Cuddington, J.T. (1982), "Canadian Evidence on the permanent
Income-Rational Expect?!ioll Hypothesis", Canadian
,.lournaI of Economics , 331-335.

- 1s3 -



and Winters, L.A. (1987), "The Beveridge-
osition of Economic Time Series: A euickNeìson Decomposition of Economic Time Series: A euicComputational Method", Journal of Monetary Economics,

125-127.

Daly, V. and Hadjimatheou, G. (1981), ',stochasticImplications of the Life Cycle-permanènt Income
Hypothesis: Evidence for thè U.K. Economy", Journal of
PoI i t ical Economy, 596-599.

Davidson, R. and Mackinnon, J.G. ( 1981 ) , ',Several Tests for
Model Specification in the presence of Alternative
Hypothesis", Econometrica , 7 81-7 93 .

Davidsonr. J.E.H., Hendry, D.F., Srba, F., and yeo, S.(1978), "Econometric ModeIIing of the Aggregaúe Time-
Series Relationship bet.ween Consumers' nipeñaiture and
Income in the United Kingdom", The Economic JournaL,
661-692 .

Davidson, J.E.H. and Hendry D.F. (1981), "Interpreting
Econometric Evidence: The Behavior of Consumers' -
Expenditure irr the UK", EuroÞean Economic Review,
17 7 -192 .

Deaton, A.S. (1982), "Mode1 Selection procedures, or, Does
the.Consumption Function Exist?',, in Evatuatinq Éhe
Re U ab i I i t y o f !racI_9:e-ç_9¡_9mi-s. r,rode r s, -eãTTãã-Ç õlõho,
and P,Corsi, John Wiley & Sons.

(1986)r "Consumers' Expenditure", Discussionpaper # 126, Princeton University.
Decanio, S.J. (1979), "Rational Expectations and Learning

from Experience", Ouarterlv Journal of Economics, 47:57.
Diba, B.T. and Grossman, H,I. (1988), ',ExpIosive Rational

Bubbles in Stock Prices?", American Eãonomic Review,
520-s30.

Dickey, D.A. and Fuller, W.À. (1981), "Likelihood RatioStatistics for Autoregressive Time series with À Unit
Root " , Econometrica , 1057-1072,

DoIe, W. (1978), "Capital Markets and the Short Run Behaviorof Life Cycle Savers", Journal of Finance, 413-429,

Dornbusch, R., Fischer, S., and Sparks, G.R. (19e5),
Macroeconomics, 2nd Canadian Edition, McGraw-HiÍ1
Ryerson.

Eng1e, P.F. (1974), "Band Spectrum Regression",
I nternat i onal Econonic Review, 1-11.

-154-



( 1978), "Testing price Equarions for Stability
across Spectral Frequency Bands", Econometrica, 969-991.

(1980), "Exact Maximum Likelihood Methods for
Dynamic Regressions and Band Spectrum Regressions',,International Economic Review, 391-407. -

and Granger C.W.J. (1987), ,'Co-integration andError-Correction: Representation, Est imat ioñ andTesting", Econometrica, 251-276.

Epstein, R.J. (1987), A History of Econometrics, North-
HoL Iand.

Evans, G.B.À. and Savin, N.E. (1981), "Testing for UnitRoots: 1", Econometrica, 753-799.

and _ (1984), "Testing for UnilRoots: 2" , Econometrica , 1241-1269.

Fama, E.F. (19701 , "Efficient CapitaL Markets: A Review ofTheory and Empirical Work", Journal of Finance, 393-417,
Fellner, W, et al, (1967), Ten Economic Studies in theTradition of I rvinq f istrer,-Jofrn Wiley & SonãT 

-
Ferber, R.. (1973), "Consumer Economics: A Survey" Journal of

Economic Literature, 1303-1342.

Ferson, W.E. (1983), 'rExpectâtions of Real Interest Rates
and Àggregate Consumption: Empiricat Tests',, Journal ofFinancial and Ouantitative Analysis, q7?-497

Fishman, c.S. (1969) , SÞectral Methods in Econometrics,
Harvard Un ivers i ty press.

Flavin, M.À. (1981), "The Adjustnent of Consumption to
Changing Expectations about Future Income"-, Journal of
PoI i t ical Economv, 974-1009.

(1985), "Excess Sensitivity of
Current Income: Liquidity Constraints or
Canadian Journal of Economics, 117-136.

Flemming, J.S. (1973), "The Consumption Functi.on when
Capítal Markets are Imperfect: The permanent Incone
Hypothesis Reconsidered", Oxford Economic paÞers,
162-170.

Flood, R.P. and carber, P.M. (1980), "Market Fundamentals
versus Price-Leve1 Bubbles: The First Tests',, Journal ofPolitica1 Economv, 745-770.

Fomby, T.B., Hi11, R.C. and Johnson, S.R. (1994), Advanced
Econometric Methods, Spr i nger-Ver1ag.

Consumption to
Myopia?",

- 155 -



Freund, R.J. and LitteIlr R.C. (1986), SÀS System for
Reqression, SÀS I nst i tut ion I nc.

! ,............... , and Spector, p.C. ( 1986) , sÀS
Svstem for Linear Models, SÀS Institute Inc

Friedman, M. (1957), + Theorv of the Consumption Function,
Pr inceton University Þress.

(1963), "Windfalls, the 'Horizon' , and Retated

Regress i ons
111-120 .

Concepts in the permanent-Income Hypothesié", in
Measurement in Economics, edited by C.F.Christ andothers, Stanford University press.

and Becker, G.S. (1952), ,,À StatisticalIlIusion-in Judging Keynesian Models,', Journal ofPolitical Economv, 64-75,

FuIler, W.À, (1976), Introduction to Statistical Time
Ser i es, .ronn wi iey-i-ìõñ!î-

Geweket J.- (1986), "The Superneutrality of Money in theUnited States: An tnterpretation of tte Eviãence",
Ec onomet r ica , 1-21 .

Ghez, G. and Becker, G.S. (1975), The AlLocation of Time and
Goods over Lhe Life CycIe, Cof urnUiã-ûniverËTt!_eiess..-

Gilbert, C.L. (1986), "professor Hendry's Econometric
MethodÕ1ogy", Oxford Bulletin of Eèonomics andStatistics,283-307

Godfrey, L.G. (1978), "Testing for Higher Order Seria1Correlation in Regression Equations When the Regressors
Ilgluqg Lagged Dependent Variables", EconomeLriða,
1303-1310.

Granger, c.W.J. (1966), "The Typical Spectral Shape of an
Economic Variable", Economèlr ica, tSO-16t.

.___.........=.. (1969), "Investigating Causal Relations byEconometric ModeIs and Cross-specÈra1 Methods', , '
Economet r ica , 424-438.

___________.-_ ( 1986 ) , "Developments in the Study ofCointegrated Economic Variables", Oxford Bullètin of
Economics and SÈatistics, 213-226

and Hatanaka, M. (1964), SÞectral Ànalysisof Economic Time Series, princeton unïlãrsilî FreãÊ.

and Newbold, P. ( 1974) , "spuriousin Econometrics", Journal òf Economelrics,

- 156 -



and .:..........:-- ( 1 97 7 ), Foreca st i nq Economic
Time Series, Academic press.

Grossnan, S.J. and Shiller, R.J. ( 198'l ) , "The Determinants
of the Variability of Stock Market prices", American
Economic Revi el¡, 222-227 .

and _ (1982), "Con sumpt i on
Correlatedness and Risk Measurement in Economies with
Non-tradêd Assets. and Heterogeneous Information',,
Journal of Financial Economics, 195-210.

Haavelmo, T. (1943), "The Statistical Imp1ications of a
System of Simultaneous Eguations',, Econometrica, 1-j2.

Ha11, R.E, ( 1978), "Stochastic Imp1ications of the Life
Cycle-Permanent Income Hypolhesis: Theory and
Evidence", Journal of PoLitical- Economv, gll-ggl .

and Mishkin, F.S. (1982), "The Sensitivity of
Consumption to Transitory Income: Estimates from panel
Data on Households", Econometrica , 461-481 .

and Taylor, J.B. (1986), Macroeconomics: Theorv,
Performance, and Policy, W.l.I. Nortóñ,

Ha11, S.G. and Brooks, S.J. (1986), "The Use of prior
Regressions in the Estimation of Error Correction
Models", Economic LeLters, 33-37.

Hansen, L.P. (1982), "Large Sample properties of Generatized
Method of Moments Estimators',, Econometrica, 1029-1054.

Hannan, E.J. (1970), Multiple Time Series, John WiIey &
Sons.

Hansen, L.P. and SingJ.eton, K.J. (1982), "GeneralizedInstrumental Variables EsÈimation of Nonlinear Rational
Expectations Mode1s", Econometrica, 1269-1286.

and _ (1983), "Stochastic
Consumption, Risk Àversion, and the Temporal Behavior ofÀsset Returns", !.9.1¿!_Cê_L of political Economy, 249-265.

Hansen, L.P. and Sargent, T.J. (1982), "InstrumentalVariables Procedures for Estimating Linear RationaL
Expectations Mode1s", Journal of Monetarv Economics,
263-296.

Harvey, A.C. (1981a), The Econometric Analvsis of TimeSeries, John Wiley & Sons.

(1981b), Time Series Àna1ysis, John wiley &
Sons .

157 -



(1985), "Trends and Cyci.es in Macroeconomic
Time.Series", JournaL of Business and Economic
Statistics, 216-227

Hayashi I F.. ( 1982) , "The permanent Income Hypothesis:
Estimation and TesLing by Instrumental üãriables",
Journal of Political Economv, 895-916,

(1985a), "The permanent Income Hypothesis and
Consumption DurabiJ.ity: Ànalysis Based õñ Japanese
PaneI Data" , Ouarterly Journal of Economics, 1083-'l 113.

( 1985b) , "rhe Effect of Liquidity Constraints on
AnaIysis", Ouarterlv

(1986),,"Why is Japan's Saving Rate So
Aoparentì.y High?"., in N¡ER Macroeconomics Annuat 1996,edited by S. Fischer, the tuIT-ÞiãEET

Hendry, D.F. (1986), "Econometric Modelling with
Cointegrated Variabtes: An Overview", O;ford Bulletin of
Economics and Statistics , 201-212.

and wallis, K,F. (1984), Econometrics andOuantitative Economics, sasiL glac k;Ëff:-- 
-

Hubbard, R.G. and Judd, K.L. (1986), "Liquidity Constraints,Fiscal.Policy,.and Consumption", Brookinqs-paÞers on
Economic Activitv I, 1-59

Johnston , J. ( 1984) , Econometr ic Methods , McGraw-Hi ll .

Judge, G.G.,.criffiths, W.E., Hi1l., R,C., Lutkepohl , H., and
leg, T:_ (1985), The Theorv and practice ot Èconómetiics,
John Wi ley & Sons,

Kamien, M.I. and Schwartz, N.L. (1981), Dvnamic
Optimization, North Hol land.

Kanasewich,.E.R. (.1 98 1), Tirne Sçouence Analysis in
Geophysics, 3rd ed., rhe Univèisity-ãf ¡f¡erÎã press.

Kempf, H. and WoLanowski, À. (1996), "Dynamic properties ofError Correction Models with A Stochastic TargetSeries", Economic Letters, 349-352.

Kennan ¿ i. (1.979), "The Estimation of partial Àdjustment
y9q9l?.with Rational Expectations,', Econometiica,
t4+ t- t+55.

Kleidon, A.W. (1986), "Variance Bounds Tests and Stock price
Valuation Models", Journal of political Economy,
953-1001 .

Consumption: A Cross-sectional
Journal of Economic s ,

158 -



Kmenta , J. and Ramsey , J. B. ( 1980 ) , Evaluat ion of
Econometr ic ModeIs, Academic press.

Kotlikoff, L.J. (1984), "Taxation and Savings: À
Neoclassical- Perspective", JournaL of EðonomicLiterature, 157 6- 1 629 .

and Summers, L. (198 1), "The Role ofIn!ergenerational Transfers in Àggregate Capital
Accumulation!', r]ournal of politi¿aI Èconomv, 706-732.

__."_........=. - and SamueLson , W. ( 1 987 ) , "Consumpt ion ,Computation Mistakes, and FiscaI eoticy,,, papèrpresentèd at ÀEA meetings, Chicago, neè. lgg7.
Kulhanek-, O. ( 1976) , Introdr¡ctign to DiqitaL Filterinq in

GeoÞhvsics, Elsevier ScientiEic püEIl shfng compãl}.-
Kydland, F.E. and Prescott, E.C. (1982), "Time !o build andaggregate fluctuations", Econometrica, 1r345-1371.

LeRoy, S.F. and PorLer, R.D. (1981), "The presen!-Value
Relation: Tests Based on Imptied Variance Bounds",
Econometricâ, 555-574.

and Ronn, E.I. (1986), "A Utility-Based
Stock Price Movements", Journal of

Lockwood, L.J. ( 1986) , "EsLimation of Covariance Componentsfor Random-WaIk Regression parameters", EconomicLetters, 251-255 .

Lovell, M_.C.. (1986), "Tests of the Rational Expectations
Hypothesis" Àmerican Economic Review, 1jO-i24.

Lucas,.R.E. ( 1976) , "Econometric policy Evaluation: ACritigue", in The phillies Curve ?ñd Labor Markets,
ca rne g i e-Roc he s t e r con t e r enc e se rîe s õñ-pu¡ïl?-Tõïí c y,
VoJ_. 1,-edited by K. Brunner and A. Meltzer, North-HolIand,257-283.

Litzenberger, R. H.
Model of Common
Finance, 67 -92.

( 1978 ) , "Àsset Prices in an
1429-1445 .

, ModeIs of Business

Exchange Economy",

Cvcles, Basii.

Econometrica,

( 1987 )
Blackwell.

and Sargent , T. J. ( 1 981 ) ,aîd Econometric practice, V.I, II
Minnesota Press.

MaddaIa, c.S. (1988), Introduction to
MacmilIan.

Rational ExÞec ta t i on s
, The University of

Econometrics,

- 159 -



Mariger, R.P. (1986), ConguFÞtion Behavior and the Effectsof Government FiscaI potiiies,-nãrîãiã dñT"ãrsiËv piãs.
MacÐona1d, R. and peel, D.A. (1987), "Consumer Expenditure.the Demand for Money, and the Hatl Hypothesisì;,Empirical Economics, 3-17.

MaCurdy, T.E. ( 1981) , "An Empirical
a 

- 
Li fe-Cyc 1e Setting", Journal

.1 059-1085.

Model of Labor Supply in
of PoI i t ical Economv,

.---..-----:-. 

- 

(1983), "A Simple Scheme for Estimating anIntertèmporal Model of Labor Supp1y and Consumptíon inthe presence ôf Taxes and uncertãinty", Internãiiónai'
Economic Review, 265-290.

Manki¡,r, N.G. ( 19-82), "HaL1,s Consumption Hypothesis andDurable Goods',, Journal of Monetary Ecõ-nomics, +lj_SZS.

---------.............. ( 1 987 ) , "Government Purchases and Real I nterestRates", Journal of political Economy, 407-419.

_________-.......=._ and Shapiro, M.D. (1995), "Trends, Randomwa1ks, and Tests of the permanent Income HyDothesis".Journal of Monetary Economics, 1r65-174. --

---------.--==- - 
a nq 

_ ..........-- ( 1986) , "Do We Re ject Too
Of ten'i: SmaIl Sample proþerties oi Rational ËxpectáiionsModeIs", Economics Letters, 139-145.

----..-.....ì:. 

-' 

Rotemberg, J,J. and Summers, L.H. (1985),ulntertemporal Substitution in Macroéconomics;',
Ouarterlv Journal of Economics , 225-251

McCal1um, B,T. (1976), ',Rational- Expec.tations and theNatural Rate Hypothesis: Some õonsistent Estimaies,,,
Econometrica , 43-52 ,

-..-_____-.._..... (1979), "On the ObservationaL lnequivalenceof Classical and Keynesian ModeLs", Journal .jt pðfi!i"uf
Economvr 395-402.

_-.____-__....... . ( 1984 ) , . "On Low-Frequency Est imates of Long_Run Relationships in Macroeconómicsn, JournaL ofMonetarv Economics, 3-14.

McCaì.1um, J. (1986), "Tests of the permanent IncomeHypothesis: Nonstationary Income, Endogenous Income, andLiquidity Constraints", l.Torking paper ño. g620,
Universite Ðu euebec A Montreai.- -

.-.____.".==.... . ( 1988 ) , ',The persistence of OutputFluctuations", Working paper 4/gg, McGili University.

- f60



Merton, R.C. (1971) , "Opbimum Consumption and portfolio
Rules in a Continuous-Time Modeli', Journal of Economic
Theorv, 373-413.

Michener, R. (1984), 'f Permanent Income in GeneralEquilibrium", Journal of Monetarv Economics, 297-305.

Miron, J.A. (1986), "Seasonal Fluctuations and the Life-
CycLe Permanent Income Model of Consumption", Journal of
PoI i t ical Economv, 1258-1279.

Mishkin, F.S. (1983), A BgË_oneÀ ExÞectations ÀÞÞroach to
Macroeconometrics, The University of ChìãaSo press.-

Mizon, c.E. and Hendry, D.F. (1980), "An EmpiricalApplication and Monte CarLo AnaLysis of Tests of DynamicSpecification", Review of Economlc Sludies, 21 -45.
and Richard, J.F. (1986), ',The EncompassingPrinciple and Its Àpp1 ication to Testing ¡¡onlnesteá

Hypothesis", Econometr ica , 657-678.

Modigliani, F, and Brumberg, R. (1954), ,'Utility Ànalysis
and the Consumption Function: An Interpretaiion oiCross-Section Data", in post-Keynesian Economics, editedby K.K. Kurihara, Rutgers unvèisity eresËl--¡eB-30.

Nelson, C.R: J1978), Àpplied Time Series Ànalysis for
Manaqer i a I ForecaETT-nq, Hof aen:oay.

(1987 a), "A Reappraisal of Recent Tests of the
Permanent fncome Hypothesis", Journal. of political
Economv,641-646.

_.............. _ ( l987 b) , ,'spurious Trend and CycIe in theState Space Decomposition of a Time Series with a UnitRoot", NBER Technical Working paper No.63.

and Kang, H. (1981), ',spurious periodicity in
lngnp5opriate Ðetrended Time Series", Econonetrical
7 41-7 51 .

and Plosser , C.I .
Walks in Macroeconomic Time
Economics, 139-162 .

(1982), "Trends and Random
Series", Journal of Monetary

Nerlove, M. (1967), "Distributed Lags and Unobserved
Components in Econometric Time Series", in Ten Economic
glggj-eg in_the T,radilion of Irvinq Fisúer, ly w.Fellner, ed., John Wiley ç Sons. -

Nicke1l, f: (-1 985), "error Correction, partial Adjustment
and ÀII That: an Expository Note", Oxford Bulletin of
Economics and Statistics, 119-131. 

-- 161 -



01son, M. and BaiIey, M.J. (1981), "positive time
Preference", JournaL of political Economy, 1-25.

Pagan, À. (1984), "Econometric Issues in the Analysis of
Regressions with Generalized Regressors", Intèrnationaf
Economic Review, 221-247.

Pagan, À. (1986), "Tr,¡o-Stage and Related Estimators andtheir Àpplications", Review of Economic SLudies,
517-538.

Perron, P. (1988), "The Great Crash, the Oi1 price Shock andthe Unit Root Hypothesis", paper presented at CEÀ
Meetings, University of windsor, June 1988.

and PhilIips, p.C.B. ( 1987), ',Does cNp have aUnit Root? A Re-evaluation", Economics Letters,
'l 39-14s.

PhiJ.lips, P.C.B. (1987), "Time Series Regression with a UnitRoot", Econometrica , 277-302.

DurLauf, S.N. ( 1986) , "MuLtipIe Time
with Integrated processes", Review of
47 3- 495 .

Poterba, J.M. (1987), "Àre Consumers Forward Looking?
Evidence from Fiscal Experiments", paper presen[ed at
ÀEÀ meetings, Chicago, Dec. 1987.

and Summers, L.H. (1987), "Finite Li
and the Effects of Budget Deficits on National

and
Ser ies Regression
Economic Studies,

f et imes
Saving",Journal of Monetary Economics, 369-391.

Priestley, M.B. (1981), SÞectral Ànalysis of.
V.I, V,II, Academic press.

Robinson¡ E.4. (1981), Time Series Ànalysis andÀpplications, Goose pond press.-

Romer, P.M.. (1986), "Increasing Returns and Long-Run
GrowLh", Journal of PoIitical Economv, 1002:1032.

Rubinstein, M. (1976), "The Strong Case for the Generalized
Logarithmic Utility Model as the premier Model ofFinancial Markets", Journal of Finance, 55j-571 .

Sargan, J.D. and Bhargava, À. (1983), "Testing Residuals
from Least Squares Regression for Being cènerated by
Gaussian Random WaIk", Econometrica, 143-174.

Sargent, T.J. (1978), "Rationa1 Expectations, Econometric
Exogeneity, and Consumption',, Journal of political
Economy r 6T 3-7 00 .

Time Ser ies,

162



( 1987a ) , Macroeconomic
Àcademic Press.

Theorv, Academic Press.

Economic Time Series",
3-248.

Theorv, Second Edition,

(1987b), Dynamic Macroeconomic Theorv, Harvard
University press.

sÀs Institute Inc. (1994), SAS/ETS user's Guide, version 5Edition, SAS Institute Inc.
SÀS Institute Inc. (1985), SAS/cRÀpH User's Guide, Version 5Edition, SÀS Institute I nc.

SAS Institute Inc. (1985), SÀS User's Guide: Basics, Versior.
5 Edition, SAS Institute Inc

Schwartz, M. and Shaw, L. (1982), Siqnal processinq:
discrete. spectral analysis, deEe-tiãnl-ãnã-esTTmation,
McGraw-Hil1.

Schwert, G,W. (1987), "Effects of Model Specification onTests for Unit Roots in Macroeconomic Data',, JournaL of
Monetarv Ec on om i c s , 7 3 - 1 0 3 .

Seater, J.J. and Mariano, R.S. (1985), "Ne¡,, Tests of lheLife Cycle and Tax Ðiscounting Hypothesis", Journal of
Monetarv Economic s, 195-215.

ShiIler, R.J. (1978), "Rational Expectations and the DynamicStructure of Macroeconomic ModeIs", Journal of ttonètary
Economics, 1-44.

(1981), "Do Stock prices Move Too Much to beJustified by Subsequent Changes in Dividends?", American
Economic Review, 423-436.

(1982), "Consumption, Àsset MarkeL and
Macroeconomic Fluctuations", in Economic policv in a
World of Chanqe, Carnegie-Rochester Conference Seriãs onPubIic Policy vol.17, edited by K. Brunner and À.Meltzer, North-Holland, 203-238.

Sims, C.À. .(1972)., "M9!9y¿ Income, and Causality", Àmerican
Economic Review, 540-552.

(1980), "Macroeconomics and Reality',,
Econometrica, 1-48.

Singleton, K:J. (1988), 'rEconometric Issues in the Ànalysis
of Equilibrium Business Cycle Models", JournaL of
Monetary Economics, 361-386.

Journal of

(1979), Macroeconomic

(1991ì , "Interpretins
Polj.tical Economv,2l

- 163



Slutzky, E. (1937), "The Summation of Random Causes as the
Source of Cycle Processes", Econometrica, 105-146.

smith, c. (1987), "Forward-Looking, Shochastic Cash-
Management and the Ðemand for Money", mimeo, Oueen'sUniversity.

Stock, J.H. and Watson, M.W. (1988), ,'Variable Trends in
Economic Time Series", Journal of Economic persÞectives,
147-174.

and west, K.D. (1988), "Integrated Regressors
and Tests of the Permanent Income Hypothesis", Journal.of Monetarv Economics, 85-95.

Taylor, J.B. (1977), "Conditions for Unique Solutions in
Stochastic Macroeconomic ModeIs !¡ith Rational
Expectations", Econometrica, 137 7 -1385 .

(1979), "Est imation and
Macroeconomic Model r¡ith Rational
Econometrica, 1267 -1286.

Control of À
Expectations",

Thompson, E.À. ( 1967) , "Intertemporal Utility Functions and
the Long-Run Consumption Function", Económetrica,
356-361.

Tobin, J. (1980), 4sset AccumuLation and. Economic Activitv,Basil BlackwelIl-
Wa11is, K.F, (1980), "Econometric Implications of the

Rational Expectations Hypothesisi', Econometrica, 4g-73.

Watson, M.W. (1986), "Univariate Detrending Methods with
Stochas!ic Trends", Journal of Monetary Economics,
49-7 5 ,

I,leissenberger, E. (1986) r "Consumption Innovations and
Income Innovations: The Case of the United Kingdom and
Germany", Reviev¡ of Economics and SLatistics, i-8.

West, K.D. (1988), "The Insensitivity of Consumption to Neers
about Income", !-S!¡ef, of Monetary Economicè, 17-33.

White, B.B. (1978), "Empirical Tests of the Life Cycte
Hypothesis", À¡nerican Economic Review, 547-S6O:

Yaari, M.E. (1964), "On the Consumer's Lifetime Allocation
Process", I nLernat ional Economic Review, 304-317.

(1976), "A Law of Large Numbers in the Theory of
Consumer's Choice under Uncertainty", Journal of
Economic Theorv, 202-217.

- tb4 -



Ze11ner, A. ( 197 1) , Àn In!roduction to Bayesian Inference inEconome!rics, John Wiley & Sons.

- 16s -


