Université de Montréal
'.u‘ Faculté des arts et des sclences
Département de sciences économiques

CAHIER 9516

TESTING FOR HOMOGENEITY IN DEMAND SYSTEMS
WHEN THE REGRESSORS ARE NON-STATIONARY

Serena NG'

! Département de sciences économiques and Centre de recherche et développement en
économique (C.R.D.E.), Université de Montréal.

March 1995

This is a revised version of Chapter 1 of my thesis submitted to Princeton University. | thank
my advisors Angus Deaton and Pierre Perron for their guidance, James Mackinnon and Huntley
Schaller for suggestions and comments on an earlier draft. Financial support is provided by the
Social Sciences and Humanities Research Council of Canada (SSHRC).

C.P. 6128, succursale Centre-ville Télecopieur (FAX): (514) 343-5831
Montréal (Québec) H3C 3J7 ~ Courrier électronique (E-Mail) : econo@tornade.ERE.Umontreal CA



Ce cahier a également 66 publié au Centre de recherche et développement en économique
{C.R.D.E.) (publication no 1795). :

Dépbt légal - 1995
Bibliothéque nationale du Québec
Bibliothéque nationale du Canada 1SSN 0709-9231



RESUME

Une implication de la théorie de l'optimisation est que les fonctions de demande sont
homogénes de degré zéro dans les prix et le revenu nominal. L'évidence découlant de
I'estimation de systémes de demande a rejeté & plusieurs reprises cette restriction. Cependant,
I'hypothése est souvent formulée en terme de régresseurs non stationnaires. Cette étude
examine a nouveau ['évidence d’homogénéité a la lumiére de développements récents dans
I'économétrie des séries chronologiques, avec une attention spéciale au traitement des
tendances. On obtient un systéme de demande cointégré de fagon stochastique mais non
deterministe. En utilisant des techniques développées pour estimer des vecteurs cointégrés
avec tendances déterministes, on réestime le systéme de demande et on trouve que
Fhomogénéité tient dans plusieurs cas.

Mots-clés: racines unitaires, cointégration, systémes de demande, homogénéité.

ABSTRACT

An implication of optimizing theory is that demand functions are homogeneous of degree zero
in prices and nominal income. Evidence based on estimations of demand systems has
repeatedly found this restriction to be rejected by the data. However, the hypothesis is often
formulated in terms of regressors that are non-stationary. This paper re-examines the evidence
for homogeneity in light of recent developments in time series econometrics with special
emphasis on the treatment of trends. We find the demand system to be stochastically but not
deterministically cointegrated. Using techniques developed for estimating cointegrating vectors
in the presence of deterministic trends, we re-estimate the demand system and find that
homogeneity holds in many cases.

Key words: unit roots, cointegration, demand systems, homogeneity.






1. Introduction

A function is said to be homogeneous of degree zero in nominal variables when proportional
increases in the nominal variables do not change the behavior of the real variable described
by the function. When estimates from demand systems are used to test whether real ex-
penditures are invariant to proportional increases in prices and income, the homogeneity
hypothesis is often found to be rejected by the data of several industrialized countries. Evi-
dence based on U.S. data presented in this study is typical of such results.!

This analysis suggests that time series issues are partly responsible for these rejections.
Problems pertaining to dynamic misspecification have been noted by some authors in their
analyses. However, most studies that estimate demand systems precede the recent develop-
ment on the treatment of trends and integrated variables in the time series literature. This
paper capitalizes on this development and re-examines the evidence with special focus on two
issues. First, if the hypothesis is formulated in terms of variables that are non-stationary,
classical inference could be invalid in the sense that tests based on standard asymptotic
results will have the wrong size. We analyze the time series properties of U.S. data, tabulate
the finite sample distribution of the statistic for testing homogeneity, and find a significant
departure of the statistic from normality.

Second, the demand system that is typically estimated is found not to be deterministi-
cally cointegrated (in a sense to be made precise). While all variables of the demand system
are J(1) with drifts, the first differences of some variables evolve around higher order deter-
ministic terms than others. The typical formulation of the demand system does not allow for
these higher order trends, which are absorbed in the regression residuals, and are responsible
for our inability to reject the null hypothesis of no “deterministic cointegration”. However,
we can reject the null hypothesis of no “stochastic cointegration”. This allows us to apply
recently developed techniques for estimating cointegrating vectors to re-estimate the demand
system and to test for homogeneity. The evidence for homogeneity and the model is more
favorable. We conclude that time series issues can account for some of the rejections found
in previous studies.

This study uses the Almost Ideal Demand Model (AIDM) developed by Deaton and
Muellbauer (1980) as the framework for analysis. A brief description of the model and the
estimates based on U.S. data are presented in the next subsection. The rest of the paper

discusses and analyzes the econometric issues involved.

!See, for example, Barten (1969) for an application of Dutch data and Deaton and Muellbauer (1980) for
the case of the U.K.



1.1 The Model and Typical Results

One of the basic principles of economics is that agents make their decisions on a rational
basis. According to the theory of consumer choice, the demand of a utility maximizing
consumer should satisfy i) the adding up of budget shares, ii) the negativity of compensated
own price elasticities, iii) the symmetry of the Slutsky matrix, and iv) the homogeneity of
degree zero with respect to prices and income.

Of these conditions, the adding up constraint is often imposed in empirical demand anal-
yses rather than tested. Symmetry implies restrictions across equations, while the negative
semi-definiteness of the Slutsky matrix can be used to test for negativity. Homogeneity can
be tested on an equation by equation basis, and given the simp!iéity of its implementa-
tion, it is the most commonly tested of the four restrictions. There is another reason why
homogeneity is an interesting proposition in its own right. Homogeneity is an important
assumption underlying classical macroeconomic theory. For example, money will be neutral
if the real and monetary sectors are dichotomized, a condition which requires the real side
of the economy to be homogeneous of degree zero in the nominal variables. Evidence which
contradicts the homogeneity assumption therefore has important implications from both a
micro and a macro perspective. This paper deals specifically with issues involved in testing
for homogeneity.

Numerous models have been developed to test whether or not homogeneity holds in the
data. A convenient framework is the Almost 1deal Demand Model (AIDM) developed by
Deaton and Muellbauer (1980). The empirical equation for aggregate data, valid under the

assumption of intertemporal separability, is

wi = af + 3 ijlogpjc + Bilog( X/ PXe) + €, (1.1)
i=1
where n is the number of goods, w;, is the aggregate expenditure share of good 1 in period
t, pj is the price of good j, logP = 5. wilogpy is the general price index as defined in
Stone (1953), X is the level of expenditure averaged over households, and af, 7i;, and f; are
parameters.

The variable T, is an index of inequality across households arising from variations in
tastes, earning capacities, and demographic characteristics. Since this index is unobserved,
a solution is to subsume it in the constant, giving a; = aj — filogY. Deaton and Muellbauer
argued that this reparameterization is valid if T is constant, or if idiosyncratic movements
in T are independent of prices and total expenditure so that no bias is induced by omitting

such variations. Implicit in this omitted variables argument is that movements in T are
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stationary. This assumption seems harmless when working with cross-sectional data, but is
questionable in a time series context, an issue to which we will return.

Estimation of (1.1) in its restricted and unrestricted form provides the basis of an F test
for the restriction 7, %; = 0. An equivalent but somewhat more convenient approach is

to choose a numeraire and write the model as

n—-1 n
wie = a; + Z Yiilog(pji/pac) + (3 ¥i;)logpns + Bilog(X:/ P.) + eir. (1.2)

i=1 =1
An immediate test for homogeneity is provided by the t statistic on log pn, the numeraire.
Of course, the t statistic in (1.2) is simply the square root of the F statistic in (1.1).

In their original work on AIDM, Deaton and Muellbauer (1980) took annual averages
of quarterly data from 1954 to 1974 for Britain and tested the model for eight groups of
non-durable commodities. They rejected the homogeneity restriction on the basis of the
F statistic. As Laitinen (1978) noted, the F distribution is not a good approximation
to the finite sample distribution of the statistic for testing homogeneity when the number
of commodity groups is large relative to the sample size and will over reject homogeneity
in small samples. While it could be argued that the small sample used in Deaton and
Muellbauer’s analysis might bias their results towards rejecting homogeneity, the hypothesis

‘is still frequently rejected when estimated using larger samples. For example, in a recent

study, Attfield (1991) rejected homogeneity when a subset of quarterly British data was
tested over the period 1963 to 1988. Evidence based on alternative formulations of the
demand system also leads to the same conclusion. See, for example, Barten (1969), Deaton
(1974), Deaton and Muellbauer (1980), and Deaton (1986) for a survey of related work.
Results from estimation based on U.S. data are typical of such analyses. Table 1A
presents the unconstrained OLS (ordinary least squares) estimates for five groups of non-
durables using 148 quarterly, seasonally adjusted, observations for the period 1954Q1 to
1990Q4. The data are obtained from CITIBASE. The dependent variables are the share
of food (wy), clothing (w), other services (w,), other goods (w,), and housing (wj) in
total expenditure on non-durables (X). The price variables are constructed as the nominal
expenditure on the commodity divided by the corresponding real component. Total real non-
durable expenditure is expressed in per capita terms and is deflated by Stone’s aggregate
price index. The estimates are based on (1.2) using the price of housing as the numeraire.
According to the sign of the coefficient on log X/P, food and clothing are necessary
goods while the remaining three commodities are luxuries. The coefficient of interest here is
on the (log) price of housing which should not be statistically different from zero if homo-
geneity holds. Apply‘ingAthe two-tailed five percent critical values of £1.96, the t statistic
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overwhelmingly rejects homogeneity in every equation. According to the estimates, a pro-
portional increase in total expenditure and prices will increase the expenditure share of food,
clothing, and other services, but reduce the expenditure share of other goods and housing.
Table 1B reports the estimates for the constrained model. It is clear from the Durbin Watson
statistic that there is severe serial correlation in the residuals whether or not homogeneity
is imposed, but there is indication that imposing homogeneity changes the dynamics of the
residuals.? Furthermore, the coefficient on total expenditure switches sign in the case of
housing and is no longer significant in the goods equation. On the basis of these results, one
would be led to conclude that i) the homogeneity restriction is invalid, and/or ii) the model
suffers from dynamic misspecification. The subsequent sections consider some time series

issues which might affect the interpretation of these results.

2. Inference Issues

A main finding in the econometrics literature during the past decade is that the least squares
estimator associated with non-stationary, or I(1), regressors is super (order T) consistent
but that the distribution of the estimator will not, in general, be asymptotically normal.®.
Standard inference applies only if the innovations driving the I(1) regressors are serially
uncorrelated and independent of the regression innovations, or if there are sufficient deter-
ministic trends in the DGP to nullify the stochastic trends. In general, the asymptotic
distribution of least squares estimator will contain nuisance parameters that depend on the
covariance between the innovations underlying the integrated regressors and the regression
error. The empirical implication is that the ¢ and F statistics will, in general, have the wrong
 size when the regressors have unit roots (or stochastic trends).

If one was given a set of data to estimate the demand system, one would expect relative
prices and total real expenditure to be constant in a no growth economy. Expenditure shares
should also be constant absent taste shifts. Things are more ambiguous when the economy
grows. Total real expenditure could be trend stationary or difference stationary depending
on the growth process, and expenditure shares will vary over time unless preferences are
homothetic. Otherwise, one should observe the share of luxury goods to rise and that of
necessary goods to fall as the economy becomes richer. Relative prices may also be non-

constant as the pattern of demand changes.

2Farlier work dealt with the problem of serial correlation by first differencing thie model and allowing for
a non-zero intercept. As we now know, this omits important information on the levels of the variables if the

variables are cointegrated. .
3Gee, for example, Park and Phillips (1988), Park and Phillips (1989), Sims, Stock and Watson (1990).



Previous studies of demand systems have been based on the data of industrialized coun-
tries which, evidently, have experienced economic growth, structural and demographic changes.
The explanatory variables of A7DM are the logarithms of total real expenditure and prices.
Casual inspection‘ of the data for the U.S. suggests that these variables are non-stationary.
As well, the share of food has been trending down while that of services has been rising over
the sample. Issues pertaining to non-stationary regressors could therefore be relevant.

To verify the time series properties of these regressors, the Z,, statistic due to Phillips
and Perron (1988) and the t,, statistic of Said and Dickey (1984) are used to test the null
hypothesis of a unit root against the alternative of trend stationarity.* The inclusion of a
trend in the regressions ensures that the unit root hypothesis is not falsely accepted when
the series is really trend stationary. These results are reported in Table 2. The unit root
tests indicate that all the variables are better characterized as difference rather than trend
stationary at the five per cent level. For completeness, we use the more powerful Z,, and t,,,
statistics to confirm the presence of a unit root (with drift) in all the variables. In all cases,
the null hypothesis of a unit root cannot be rejected and the drift terms are significant.
That prices and total expenditure contain unit roots is not surprising. 1f preferences are
not homothetic, then by implication of Engel's Law, the share of necessary goods in total
expenditure should fall and that of luxury goods should rise as the economy grows. The
finding that expenditure shares also contain unit roots not only suggests preferences are not
homothetic, but that shifts in the composition of demand have stochastic trends.

We then proceed to test the null hypothesis of two unit roots against the alternative of
one unit root. When a trend term is excluded from the regression, the null of a unit root in
the first differenced data is rejected in all cases except the first differences of the log price
of housing and other services. However, when a time trend is included in the regression,
the Z,, statistic indicates that both Alogp, and Alogp, are stationary around deterministic
trends. This implies that the (log) level of these two price variables have trend functions
consisting of t and t2.%

As we have seen, all the variables of the demand system are non-stationary. If one was
interested in consistent estimates of price and income elasticities, then the presence of these
non-stationary regressors is actually advantageous since the least squares estimates are super
consistent. However, testing for homogeneity will be a problem because the test statistics
will likely have non-standard properties. In fact, this will be the case because the dependent

“Definitions of the statistics are given in Table 2.

®Although t,, cannot reject the hypothesis of two unit roots in these two prices from an autoregression
with four lags of Ap, the hypothesis is rejected when fewer lags are included in the regression. The t,,
statistic is -3.6 and -4.5 for services and housing respectively for zero lags.



variables in this model are expenditure shares; they are, by construction, correlated with
prices and total expenditure on the right hand side of the regressions. Furthermore, we
have more stochastic trends than deterministic trends in the data. The two conditions for
classical inference to be valid when the regressors are integrated therefore do not apply.
Other formulations of the demand system are likely to have a similar inference problem.®
It is of some interest to ask whether the homogeneity restriction can be formulated in
terms of a coefficient on a stationary regressor whose asymptotic distribution would have
been normal. Theorem 2 of Sims et al. (1990) shows that if a restriction involves estimated
coefficients that exhibit different rates of convergence, then the estimated coefficient with
the slowest rate of convergence will dominate the test statistic. Since all the variables in our

system are I(1), the F and t tests will have non-standard properties.”

2.1 The Finite Sample Properties of the Test Statistic

While the results of the previous subsection suggest the t statistic will have non-standard
properties, we do not know whether the distributions of the ¢ statistic are being shifted to
the left or to the right, and hence the extent to which the tests are undersized or oversized.
The discrepancy between the finite sample and the student ¢ distribution is an empirical
issue which depends on the strength of the current and past correlations among the inno-
vations. This section provides an assessment of size distortions by tabulating the empirical
distribution of the t statistic for each equation.

A maintained assumption throughout this section is that (1.2) is correctly specified. The
objective is to simulate samples of the regressors and the dependent variables which can
replicate the covariance structure of the data, and then compute the ¢ statistic for each set
of simulated data. The data generating processes for the regressors are based on results from

the univariate unit root tests. More specifically,

Alogps = nyt+eg
Blogpa = petea
Alogpy = By + €gt . 2.1
AIOQPn = p,+ Tot + €
Alog‘pm = pp+7al + en
Alog( /P)l = Hs + €ty

®In s recent paper, Attfield (1991) focused on the issue of simultaneity bias in estimation of demand
systems, but the variables are assumed stationary in his analysis. .

7Critical values for the multivariate trace and maximum ) tests of Johansen (1988) are not available when
the variables have quadratic time trends, but using the critical values tabulated in Perron and Campbell
(1993) for a linear trend (which would be too liberal), we cannot reject the hypothesis that there is less
than one cointegrating vector in a system consisting of the five prices. The prices are therefore individually
integrated but not cointegrated. This is confirmed by our unit root tests for the n{n — 1)/2 relative prices,
all of which are found to contain a unit root regardless of the choice of the numeraire. i
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where g and 7 are obtained by least squares estimation. Let e; = {€10:€ct, €9t €0ty Ene, €20}

with elements assumed to evolve according to the univariate autoregression:
€2t = Pezje-1 + vaje.

To obtain random samples of the dependent variable, it is necessary to be specific about
what the null hypothesis is. Under the maintained assumptions of intertemporal separability
and the conditions require for exact aggregation as discussed in Deaton and Muellbauer
(1980), the AIDM is a local first order approximation to any demand system satisflying
utility maximization. But there are many aspects of the demand system that can be tested.
If we test a composite hypothesis, say, symmetry and homogeneity, we would not be able to
tell whether homogeneity fails just because symmetry is violated, or if it is an outright invalid
restriction. We therefore formulate the homogeneity restriction as a simple hypothesis, viz:

Hy:wiy = a; + 720 %islog(pje/pat) + Bilog( X/ Pr) + €iry
Hy:wio = ai+ T30 %ilog(pie/pae) + (T)ay %ii)10gPas + Bilog(Xe/ P) + €iue  (2.2)
€ije = Piije-1 + Ve J=ru

The dependent variable is then constructed using the specification under the null with ran-
dom draws of v;,. '

The next step is to ensure that the simulated data replicate the sample covariance.
Let v = (vs,v,vy,0,,04,v;,0;), ¥; = P/P; be the contemporaneous covariance of the
innovations relevant to the i** equation, and P; be the Cholesky decomposition of ¥;. For
each 1, ¥; is generated as ¢;P;, where ¢; is a 148x7 matrix of N (0,1) variates generated by
the rndn() function in Gauss. In each run, T is set to 148, the sample size that produced
the results in Table 1. By construction, limr;w% YT 56 — ;. The regression is based
on the unrestricted model, H,, and the t statistic on log p, is calculated in each of the 1000
replications. The calculations are performed using GAUSS V 3.0.

Empirical quantiles of the t statistic corresponding to ;v for each i** equation are
presented in Table 3. A general observation to be made is that the student ¢ distribution
provides poor approximations to the empirical distributions of the ¢ statistic on logp,. Large
size distortions are recorded in all cases. As well, the finite sample distributions of the ¢
statistic are non-central, and, in many cases, non-symmetric. The tails of the distributions
are more spread out than the normal distribution so that at conventional significance levels,
the standard ¢ test will reject homogeneity too often.

We saw in Table 1A that homogeneity was strongly rejected in the ‘other goods’ equation.
Since T7_; 4i; for that equation is negative, the relevant critical values are those from the
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left tail. Although the finite sample critical values for the lower percentage points are much
larger (in absolute value) than those of the student ¢ distribution, they are well below the ¢
statistic reported in Table 1A. Thus, for this equation, classical inference turns out to have
been correct. However, for the remaining four equations, we cannot reject homogeneity at
the two-tailed ten per cent level using the finite sample critical values. Size distortions are
therefore responsible for many of the rejections reported in Table 1A.

The results of this section can be summarized as follows.. All regressors used in the
estimation of A7DM are non-stationary; the validity of classical inference is therefore ques-
tionable. The finite sample critical values obtained from a simulation exercise confirm that
the student t distribution provides an inadequate guide to the empirical distributions of the t
statistic. Using the finite sample critical values, we reject homogeneity in one equation only.
Other rejections of homogeneity based on time series data could also have been overstated.

3. Specification Issues

The analysis of the previous section is based on the assumption that (1.2) is properly speci-
fied. Some might doubt its validity because there are symptoms of dynamic misspecification.
There are several reasons why dynamic misspecification might arise. These include i) lacking
an account of the stock aspect of commodities such as housing, ii) omission of inflationary
expectations, iii) the variable T is not constant, and iv) violation of weak intertemporal
separability. In spite of these problems, there is a sense in which estimation of (1.2) remains
meaningful in its own right. To motivate this viewpoint, it is necessary to be clear about
the horizon over which the demand system is expected to hold.

In view of market and information imperfections, it is possible for demand theory not to
hold on a period by period basis.® The AIDM is therefore is best viewed as a description
of long-run (equilibrium) behavior. In econometric terms, the variables in (1.2) should form
a “cointegrated” system if the theory is consistent with the data. Imposing homogeneity
is analogous to a zero restriction on an element of the cointegrating vector which can be
consistently estimated from the static equation (1.2). However, estimation of (1.2) serves
the additional purpose of allowing us to test for cointegration. If the variables in the demand
system are not cointegrated, tests for homogeneity would not be very meaningful because
of the inherent conflict between the model and the data even in the absence of constraints.
Almost all empirical studies of the demand system have proceeded to test for homogene-

8 Anderson and Blundell (1982) discussed the difficulties that might arise in imposing restrictions on
dynamic demand systems.



ity without testing whether the demand system is cointegrated. We propose to study the
properties of the demand system from a different perspective.

A precise definition of cointegratibn is in order because there are two definitions of coin-
tegration in the literature. Under deterministic cointegration, defined in Engle and Granger
(1987), the same the vector which removes stochastic trends also has to remove the deter-
ministic trends in the system. Under stochastic cointegration, introduced by Ogaki and Park
(1990), the deterministic trends do not have to be cotrending. In other words, non-zero time
trends are allowed to remain after unit roots are eliminated by linear combinations of the
variables. The distinction between these two concepts is important in hypothesis testing.
The issue is discussed in a recent paper by Perron and Campbell (1993).

3.1 Testing for Deterministic Cointegration

The absence of trends in (1.2) implies that the demand system is to be cointegrated in a
deterministic sense if demand theory holds, Testing for deterministic cointegration amounts
to testing for unit roots in the residuals of (1.2). The results of cointegration tests based
on Z, and t, are giyen in the first two columns of Table 4. Critical values for the tests
depend on the number of regressors which enter the regression and are given in Phillips and
Ouliaris (1990) for up to five variables. As we can see, the null of no cointegration cannot
be rejected in any of the equations if homogeneity is imposed. Even when the homogeneity
restriction is not imposed, the null hypothesis of no cointegration - in a deterministic sense
~ cannot be rejected at either the five or the ten per cent significance level in four of the
five equations. The only case in which deterministic cointegration appears to hold, and
only when the homogeneity restriction is relaxed, is the goods equation. This last result is
particularly troublesome because it implies that even in the absence of restrictions, demand
behavior does not seem to conform to theory. Not surprisingly, imposing the homogeneity
restriction will only make the empirical model more unacceptable to the data.®

Given the joint time series properties of the log pis and log(X/P), the failure of deter-
ministic cointegration should not come as a surprise. Recall that by the definition of deter-
ministic cointegration, the same cointegrating vector is supposed to remove the stochastic
and the deterministic trends that are common among the variables in the system. Determin-

*The Johansen (1988) likelihood ratio test (using approximate critical values) suggests there are three or
more non-stationary components in each equation. However, as discussed in Campbell and Perron (1991), a
process with r cointegrating vectors can be well approximated by a process with m > r cointegrating vectors
in finite samples. The choice of m or r is one of efficiency, and is not the focus of this analysis. The crucial
implication of the tests is that there exist non-stationary elements in the residuals. We therefore choose r=1
for analytic convenience.



istic cointegration will fail even if there are common stochastic trends as long as there are
non-common deterministic trends. The parameterization of (2.2) implies that although all
regressors contain a linear trend, the term t* appears only in the (log) price of services and
housing. This non-common deterministic component cannot be annihilated by any cointe-
grating vector. Although deterministic trend functions are often assumed to be linear for
analytic convenience, our application shows that this may not always be adequate.

Omitting time trends from the regression has been known to lead to inconsistent tests.
This result arises because if the data are trend stationary but trends are excluded from the
regression, the only way to fit the model is to accept the stochastic trends. The consequence
is that the residuals will absorb the omitted deterministic trends, and unit root tests based
on those residuals will bias the tests in favor of the unit root hypothesis. In a cointegration
context, the tests will tend to accept the null hypothesis of no cointegration. It is therefore
important to include at least as many deterministic trends in cointegration tests as there are
in the DGP. This result is a generalization of the phenomenon analyzed in Perron (1988) for
the univariate case.

There is, potentially, another source of misspecification in the model. Recall that the
index Y, subsumed in the constant a;, is supposed to capture demographic changes, taste
shifts, and skewness of the income distribution. Although it is difficult to quantify the
evolution of T, few would believe that T is constant over the sample. For exémple, Cutler
and Katz (1992) found the consumption distribution to have changed in the eighties alone.
Time variations over the entire sample are likely to be more profound. To the extent that
T is a measure of inequality across households, it should vary over time. If it is assumed
constant, as is the case in the regressions previously' reported, this misspecification can also

induce a time varying component in the residuals.

3.2 Testing for Stochastic Cointegration

Given that the variables in the demand system all contain unit roots, the issue arises as
to whether these stochastic trends move in tandem. As we have seen, two of the prices in
the demand system contain quadratic trends. Accordingly, the appropriate pull hypothesis
is that of no ‘stochastic cointegratioﬁ’. There are two ways to control for deterministic
trends when testing for cointegration. One can remove the deterministic trends from all the
- variables prior to the regression, or one can detrend them in the regression by including a
polynomial in time of sufficient order. As discussed in Campbell and Perron (1991), these two
approaches have the same effect asymptotically. In the present context, the latter approach
has the additional advantage that it can pick up possible time variations in demographics
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and tastes, and is the approach that this paper will follow.

The results for testing the null hypothesis of no stochastic cointegration are given in
columns 3 to 6 of Table 4. Homogeneity is still rejected with the inclusion of the variable ¢,
but the model is much improved with the addition of ¢2 as seen from the larger test statistics.
A formal test for stochastic cointegration requires some extra work. Critical values for the
statistics of cointegration tests depend on the number of regressors and the order of the
deterministic trend function. Phillips and Ouliaris (1990) tabulated critical values for one
to five regressors with a polynomial trend function of orders 0 and 1, but critical values for
the model being tested are not readily available from the literature. Following the same
procedure discussed in Phillips and Ouliaris, we tabulated critical values for Zo and t, for
one to six regressors and extended the polynomial trend to second order. These critical
values are available upon request.!®

Using these critical values we tested the null of no stochastic cointegration and rejected
the hypothesis in the equations for food and other services at the five per cent level, and
for clothing at the ten per cent level. The goods equation is found not to be cointegrated,
but only marginally, at the ten per cent level. However, the data suggest that housing is
clearly not stochastically cointegrated. Note that when cointegration holds, it seemns not
to matter whether homogeneity is imposed. This result js important because it suggests
that when trends in the data are properly taken into account, the power of the model in
explaining long-run demand behavior is, in most cases, unaffected by the imposition of the
homogeneity restriction. While the statistical cost of imposing the restriction may be small,
the analytical benefit from being able to impose homogeneity cannot be overlooked since it
validates a crucial assumption of many optimizing models.

Recapitulating the results of this section, we tested and cannot reject the null of no
deterministic cointegration in both the unrestricted model and the model with homogeneity
imposed. We argue that (1.2) is overly restrictive and that it is appropriate to incorporate
deterministic trends in the regressions. We reject the null of no stochastic cointegration in
three of the five equations, marginally reject the hypothesis in one case and cannot reject in
one equation only, namely, housing. The same results obtain with the restricted model. The
empirical demand model with trends is therefore more suitable for the data in question.

%1t is interesting to note a regularity in the tabulated critical values. Each additional regressor tends to
increase the critical value for Zo and t, by 5 and 0.5 respectively. Furthermore, increasing the order of the
deterministic trend by one also tends to increase the critical values by 5 and .5 respectively. For example,
if the critical value for Z, is -14.8 for one regressor and no deterministic trend, a rough and ready estimate
of the critical value when there are three regressors with a constant and a trend included in the regression
would be -35.
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4, Testing for Homogeneity Once Again

The finding that the demand system is stochastically cointegrated opens up new possibilities
for estimating and testing the model. The estimation of cointegrating vectors has been an
active area of research in recent years. Phillips (1991) discussed the theoretical conditions
under which efficient estimators that belong to the LAMN (locally asymptotically mixed
normal) class can be obtained. These estimators are efficient compared to OLS (which
is consistent) because they take into account the properties of the I(1) variables in the
estimation.

One efficient estimator that seems suited for the demand system is the DOLS (Dynamic
Ordinary Least Squares) estimator developed independently by Phillips (1991), Phillips and
Loretan (1991) and Stock and Watson (1993).* The approach begins by expressing a system
of variables, (yi,¥a), in a triangular form such that Aya = Tiodut' + e, and yu =
Thodit' + Byat e, where f is the cointegrating vector. A DOLS regression augments the
least squares regression of yi On Ya with leads and lags of e;. These additional regressors
essentially orthogonalize e;; and have the effect of removing those terms which pose problems
for asymptotic inference. The Wald statistic for testing restrictions on the cointegrating
vector so estimated is asymptotically distributed as x* provided the long run variance of the
regression error is used to construct the statistic.'? Accordingly, the statistic for testing the
coefficient on one regressor is asymptotically normal.

Expressing our demand system in a triangular form, the expenditure shares would corre-
spond to yi, while ya would consist of the prices and real total expenditure. We therefore

- apply DOLS to the following model:

n-1 n
wie = agi+ it +amt’ + 3 mijlog(pje/pae) + (3 i )Pne + Bilog(Xy[ P) +d(L)eai+ eints (4.1)
‘ =1 j=1

where we recall that e, defined in (2.1), are the residuals after the stochastic and deter-
ministic trends are removed from the regressors, and d(L) is a two sided lag polynomial.
The equation can be interpreted as the stochastic relationship between expenditure shares
and the regressors after controlling for deterministic trends. In the empirical work, one lead
‘and one lag of eg are included in the regression and 2 Bartlett window truncated at four
lags is used to construct the long run variance of the regression error. As we recall, the

1Johansen (1988)'s FIML spproach and other vector autoregressive models such as that of Saikkonen
(1991) are less suited for our purpose because a complete system specification would have required expressing
total expenditure and prices as lags of the shares which may not be appropriate.

12G40ck and Watson'’s approach differs from that of Phillips and Loretan (1981) in that the latter adds
lags of the equilibrium error to the regression and entails estimation by non-linear least squares.
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purpose of adding leads and lags of e; in the regression is to orthogonalize e;,. Setting the
order of d(L) to one raises the question of whether or not e;, is sufficiently orthogonalized.
There is no practical guideline as to how many leads and lags of e, to include, but with six
regressors in the model, the degrees of freedom fall rapidly even with a modest number of
leads and lags.!®> We experimented with four leads and lags and found the estimates of the
cointegrating vector to be robust but the standard errors are larger.

There were two interesting results in the analysis of Deaton and Muellbauer (1980).
They found that imposing homogeneity aggravated the problem of serial correlation when
the model was estimated in level form, and when the model was estimated in first difference
form, the constant term was significant with the problem of serial correlation much improved.
This amounts to saying that the model in level form fits the data better when a trend is
included. The specification above is.also motivated by the fact that introducing time trends
can remove much of the conflict between the data and the theory, but we find a t? term is
necessary for the data in question. The value added of the present analysis is to exploit the
results for estimating cointegrating vectors to obtain more efficient estimates and to note the
theoretical conditions under which standard statistics can be used to test for homogeneity.
It is important to remark, however, that application of DOLS to the model without trends
(i.e. results in Table 1A) would have been invalid since the system is not cointegrated; the
DOLS estimator is developed specifically for cointegrated systems.

The coeflicients of interest in the estimation of (4.1) are those on prices and expenditure as
they form the cointegrating vector of the demand system. The DOLS estimates are presented
in Table 5. The presence of t and t? in the regression causes the coefficient on total real
expenditures to flip sign in most cases. To the extent that log X/ P is effectively detrended by
1, it is more appropriate to interpret 5; as the response by expenditure shares to the stochastic
innovations of log X/P. An increase in the stochastic component of total expenditure has a
positive effect on clothing and other goods, a negative effect on housing, and small effects
on food and services. Perhaps more interesting is that a proportional increase in prices and
total expenditure (as summarized by T°7., 4;;) now leads to a statistically significant increase
in the expenditure share of housing, rather than a decrease as found in Table 1A when the
model was estimated without trends. Thus, an inadequate treatment of trends can mislead
our understanding of the stochastic relationships in the system.

According to asymptotic theory, the ¢ statistics associated with the DOLS estimator
should have standard properties. We therefore use critical values from the normal distribu-

!3The standard errors are calculated on the basis of the degrees of freedom in the regression, rather than
the sample size, to control for any bias that might arise from increasing the number of regressors.
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tion Lo test for homogeneity. We cannot reject homogeneity in the food, clothing and services
equations. This is consistent with the cointegration tests which find decisive evidence against
the null hypothesis of no stochastic cointegration in the three equations. Furthermore, con-
sistent with our inability to reject the null of no stochastic cointegration in the housing
equation, we also find the evidence against homogeneity to be strongest. The only case
when ambiguity arises is with other goods; while homogeneity is decisively rejected, the
rejection of no stochastic cointegration is only marginal.

While inference based on asymptotic theory rejects homogeneity in two of the five cases, it
remains to consider the accuracy of asymptotic inference. This is a useful exercise in its own
right because the optimality of the DOLS estimator is based on large sample considerations,
but the practical issues associated with the estimator are not known. Furthermore, the
empirical properties of the estimator have been gauged in the context of simulations of small
scale models. See, for example, Stock and Watson (1993), and Inder (1993). The performance
of the estimator in larger models remains to be scrutinized. The demand system analyzed
here provides a practical framework for analyzing these properties.

As in the previous section, we tabulate the finite sample critical values of the t statistic.
The DGP is given by the restricted model:

w1 .
wir = a0 + auit + azit® + Y %iilog(pie/pat) + Bilog(X(/Pr) + €ire, (4.2)
j=1

where the coefficients are the efficient estimates obtained by applying DOLS to the restricted
variant of (4.1) with £}, 7; constrained to zero. The the monte carlo simulations are based
on random draws to the innovations of e; and those of the regressors as given by (2.1) with

cross correlations taken into account by Cholesky decomposition as discussed before.
Quantiles of the finite sample distributions of the ¢ statistic are given in the lower panel of
Table 5. As we can see, the distributions are significantly less spread out than those reported
in Table 3 and appears symmetric. Introducing leads and lags of e, succeed, to a large extent,
in restoring symmetry and centrality of the statistic relative to the normal distribution.
However, the critical values are still quite different from those of the normal distribution. In
the case of clothing and housing, the departure from normality is significant.'. Although
our cointegrated system falls within the LAMN framework which suggests that standard
inference should be valid, our results reveal that the approximations provided by large sample
theory are not always adequate. While Stock and Watson (1993) also noted size distortions

14Varying the number of leads and lags does not eliminate the size problem. In fact, size distortions are
larger when d(L) is of the fourth order, and occasional singularity of the moment matrix of regressors was
encountered in estimations using simulated data.
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(e.g. los = —1.98) in a two variable system, our system of seven variables reveals that
size distortions can be much larger. In view of the potential usefulness of the estimator in
applied work, it would be useful to explore the relationship between size distortions and the
dimension of the model.®

The ﬁnding that there are size distortions in the statistic for testing homogeneity should
not be seen as a discredit to the DOLS estimator because it produces consistent and more
efficient estimates of price and income elasticities. Howevér, it would be more appropriate in
this case to use the finite sample critical values for inference. Using the finite sample critical
values, the homogeneity hypothesis cannot be rejected in three cases, is marginally rejected
in the other goods equation, and is strongly rejected in the housing equation only. Note
that while asymptotic inference strongly rejects homogeneity in the other goods equation,
the evidence based on the finite sample critical values is less convincing. As for housing, the
evidence is clear. The homogeneity restriction can be rejected regardless what critical values

we use.

5. Discussions and Conclusions

Previous estimations of demand systems, which precede the literature on unit roots, do not
take into account that the regressors are non-stationary when testing the homogeneity pos-
tulate. The treatment of trends in most specifications also appears inadequate. Using the
AIDM, we showed that i) critical values from the normal distribution over reject homo-
geneity in demand systems estimated without trends, ii) none of equations in the demand
systems are cointegrated in a deterministic sense, but the null of no stochastic cointegration
can be rejected in all but the housing equation, and iii) based on finite sample critical values,
homogeneity is strongly rejected in just the housing equation once deterministic trends are
taken into account. The evidence against the demand system is much weaker when time
series issues are taken into account. Other formulations of the demand system are also
susceptible to such inference and specification problems.

This analysis raises three issues worthy of further investigation. First, to the extent that
demographic shifts and the degree of inequality across households might not be constant
overtime, it would be useful to model the precise mechanism by which demand is affected
by these structural factors. Second, the demand system does not seem capable of explaining

the expenditure share of housing services. One possibility is that the assumption of weak

15An earlier version of this paper uses the modified ¢ statistic of Phillips and Hansen {1990) to test for
homogeneity. Symptoms of size distortions are also revealed.
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intertemporal separability is invalid. Relaxing this assumption is also a promising avenue of
research. Third, estimation by DOLS yields statistics whose finite sample distributions are
found to depart from normality. Monte carlo simulations which analyze the procedures for
estimating cointegrating vectors are typically based on bivariate systems. It would be useful
to see if the extent of size distortions is related to the dimension of the regression model.
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Table 2A: Tests for One Unit Root

Z.l Z_? t 'J l‘-d
log p 0.82 407 0.78 -2.09
log p. 0.60 -5.38 0.78 -2.17
log p, 0.65 -2.56 0.28 -220
log p, 075 -3.76 097 -1.69
log p 1.06 -1.68 0.17 -2.13
wy -0.93 -10.22 -1.02 - -2.66
w, -1.39 -13.98 -1.11 -2.85
w, 0.20 6.22 0.73 -2.09
w, 028 -5.10 0.09 -1.94
w, T 437 727 239 -2.52
Xmp . £0.52 -3.66 -1.05 -1.59

Table 2B: Tests for Two Unit Roots

z,' [ 1) '
Alog pr -60.12 -72.23 -3.50 -3.69
Alog p. -114.50 -119.80 -3.83 -3.96
Alog p, -14.83 -20.86 2.00 -2.10
alog p, -61.66 -65.93 -3.62 -3.86
Alog py -15.46 -33.29 -1.76 -1.76
Aw, -147.81 -148.03 -5.39- -5.41
Aw, -148.72 -148.54 -5.20 -5.20
Aw, -176.87 -176.47 -541 -5.15
Aw, -105.44 -105.52 -4.65 -4.79
Aw, -112.83 -11422 -4.76 492
AX/P -127.33 -128.99 4.7 -4.82
CV. (5 %) -14.10 -21.80 -2.86 341
C.V. (10 %) -11.30 18.30 2.57 312

L,:T((i-1)—(s‘-:’JT‘/ZdD,whc:eD,:dct(X'X),xismemalrixoftegnmsotsinme
jeastsquaresregressiony, = W + Tt + Ay, + U,.g=7"LL, U, ands = 5 + 2T
Thatd = jlk+1) fugey U, U, The truncation lag, k, is set 10 four in the esis.

1., is the 1 statistic on y,, in the regression &y, = + U + 0y, + iy Ay +e

Z. = T(G - 1) - IUS - HIT? Thay(y, = PFI™, where G is the least squares estimate in
the regression y, = i + @y, , + U,.s and ¢ are defined as in note 1 above.

t, is the ¢ statistic on y,_, in the least squares regression Ay, = + Oy, + 2;., By + e

20



(A% 96’1 o't 8Tl 8T~ 'L 96°1- wT 1
L088L S6L8°9 668L°S S9ESY 7965°S- 6689 [4374'> £8LYOL- A2
wio's £016'¢ 1y8T 16181 £95T'L- 00L9'8- [£240% L6¥o'11- i)

LT86'11 P99E°01 6201°6 00LS"L 60061~ 2 YARN 0LOL'y £069'9- K
v116'9 £LED9 $900°S 9%6¥8't 15c8°¢- 68L6'v §95¢°9- oL KK
(474 2669 9089°S voLy'y 65267 6€82°9- S66¥°L- L£66°8- T

66 SL6' $6° 06’ or SO 1Y) 10

(*4'2) 10 onsners 1 o Jo samuend) powIdwiy :¢ a1qeL

21



10bas U0 JAGUIRAY 3R pus (0661) SLRHNQ pus sdilind
ul pQUEP @ i Busn PAITNQE AW SAN(EA [RORLD HLL WOITSABI! AP L) WKISUOD ) INOUILM 10Q YT QL U8 pouliop ) pus (7 58
B ) AW 5153 N PUB °Z AL SIOPOUS PIIOLASAUD Y] PUB PAIILASA NG WOIJ STENPISL ) UO SISA 1004 JUA B NS LOREIZAI0I A {AON

66 - wr [k : L TeSLE (%OIAD
[Z33 153 w's- IS 9L'r 1S @) 'AD
X3 ot 5T 6Tl 00'¢- W K
(X% TS 65°¢ it e Wi i
L6's" T8'9%8° €0r T6'9%¢" [[x3 1L81° I
1€ 188 we- S0°6€* €e 252 i)
6L 9TH- 6L°€" §9°8C 85T 8rpi- Tm
(23] ="z (z=p? (1=p)"2 {o=o)" =P’z

e @R+ CA/ DL Vi 10 T ot

“PPON PROUISIY ) U0 SISaL, LoRRIBAUID) (dY IAYEL

wr 85°LE- (33 oLl 33 61'91- C e

9's- 181y TS or'SH 60’ [31a i)

009 6L'08- 06V 6v'SL %2 it T

1€ V687 r I (X3 st i)

e eSS or's- W uv 08°S1- T
=N Gz (=] =z (=8 ="'z

"av g dals " Cafants 230,09 3T

‘|PPOjA PROLOSUU[] A UO RISIL UONEIFAWIED Yy AGBL

22




(4 %4 961 'l 8Tl 871~ 'l- 961" (ANl 1
S8L9Y 86SS°E 11087 6ev1T 88¥ET- EPLLE- 14232 % 129%'r i)
1900°¢ 8¥L¥T 6L66'1 6209'1 £ETS 1~ 6LITT- 6LELT 09tT'e- i)
6LV8'T wWsTT wT6'l 86¢'1 L8rv'l- 0Ey61- vy 006LT" n
1390'y LSTEE SL8ST 0Lesl S8YL1- Les /A 90¢8°C- 0I¥9¢- -
£900'¢ 133394 8690'C TLES'L 1966°1- 89107 I¥pS°T- LIt T

66’ SLE $6' 06 or SO’ ST 10

"8€] 5u0 pue pea| 2uo 10§ are peuodas ,Esmﬁ YL “retwoudod ey papis omi € s1 (Pp (1'7) uonenby ul pou

(*iz) 205 opsnEls 1 o o somuend) Eowdurg

(22l
o~

1Jop S ss0ssBas Sy JO S[ENPISa PAPUIDIP JO J0109A A St % 130N

oLy @1'v1-) (z1°9) ©6's) 08'9) (o'e) (88) (87°217) (%72 (ve'v7) .
879 921" 650" 920 A e’ 00" £90°¢- ore'l 86¢ “
oty (20T ore) @ron (£6°1°) (+8'77) (L8 (AR @60 (L'e) .
£60'1 Y/} 8€0° 6L0° v ££0™ 900" L6t 17T 980" "
3% @er) (32) (19°9°) (€8'7) [CTH) (15°01°) (r1°6) (16'8) (€6'v1) .
90£°1 L10- 900 LEO™ AN w0 €60 Wi 69L" €le L3
601 (95°) (557 (1) (%3] [(%59) €rD (161 Lee) (€€'7) .
Lv8 680" L00° 00 190" 820° 1o 1071 orL- v "
1138 [GYR)) (TR (187 w6 (86'7") (56°6) 8y (20'%1-) {Lgon) s
L8 820° SE0- 020~ o1 €50 690" 0oy 0681 £87 "

7+ds

‘ma drxu Ydyy Sd/ duy ‘ddug drduy *dpdug 9+FD ¢+o'o %0

"+ TP+ WiOmE+ “duh W) Caf s T FoarinOntm

19PO pouBasuUOUN i 10) SANRWAST STIOQ S 2IqRL




€T %'l Wl FAll 81 'l %'l %A i
TI6L't 0LS6T 9G09¥'T IYAL}! AT OLLS'T- 7100 £616'¢" K0
73423 78687 L8LTT ST6L'1 9UBLT- L881°T £50L T 0z61°€ 0
610'E vws9'T S8ETT 059L'1 T8l YT 909LT oL8¥'E- .
90T'€ 0TSLT £LEET 1628’1 9L66'1- 0197 o102 £566°€- .
6V29'E wL6'T 8L79°C 9%26'1 €788'1- VP 8798 SLYS'E" e
66 SL6' 6 06 or 3] 37 10
(A7) 05 onsnes 1 o samuEnd Eowndurg
. ) (ge'n) 6y'¢-) (r-) (+0°€) (T2 rTT) Lo .
881 LEY 6 0™ 7100 ser £60™ 080" iU "
. ] (EL'p) (6€'21°) (r0°00) (8 (v6't) Gv) @re ,
ot 15Tl oro’ 90" S60° 010 LYo L00™ 50" "
. (98'8) (157 €09 (66°€) «r €57 (89°€) .
91 188 ser ] 150" € 7000 €40 1% L3
. (88") @) €81 ') (1v's) (6£'1) [G0) 3
6€l siL T10 L 10" 931~ L80° w L60° "
. wre) (1v'7) (68°¢-) (S€'1) (9¥) 90 et ,
152 0L 61 ono’ LS0- L0~ €10 L60° 919’ "
70+3 3§ ‘md (@nou (D (d/dyu (dfdym (97 dyu (d7dyu ©

Poe@mgs"dms s Cafdal's "o 0s"m
(S70Q) voissaBdoy peurensuoouf) 19 9qeL




Université de Montréal
Département de sciences économiques
Centre de documentation
C.P. 6128, succursale Centre-ville
Montréal (Québec)

H3C 3)7

Cahiers de recherche (Discussion papers)
1994 2 aujourd’hui (1994 to date)

Si vous désirez obtenir un exemplaire, vous n’avez qu’a faire parvenir votre demande et votre
paiement (5 8 I'unité) @ I'adresse ci-haut mentionnée. | To obtain a copy (% 5 each), please
send your request and prepayment to the above-mentioned address.

9401 :

9402 :

9403 :

9404

9405 :

9406 :

9407 :

9408 :

9409 :

Mercenier, Jean et Bernardin Akitoby, "On Intertemporal General-Equilibrium
Reallocation Effects of Europe’s Move to a Single Market", janvier 1994,
41 pages. ,

Gauthier, Céline et Michel Poitevin, "Using Ex Ante Payments in Self-Enforcing
Risk-Sharing Contracts”, février 1994, 38 pages.

Ghysels, Eric et Joanna Jasiak, "Stochastic Volatility and Time Deformation : an
Application of Trading Volume and Leverage Effects”, février 1994, 37 pages.

Dagenais, Marcel G. et Denyse L. Dagenais, "GMM Estimators for Linear
Regression Models with Errors in the Variables”, avril 1994, 33 pages.

Bronsard, C., Fabienne Rosenwald et Lise Salvas-Bronsard, "Evidence on
Corporate Private Debt Finance and the Term Structure of Interest Rates”, avril
1994, 42 pages.

Dinardo, John, Nicole M. Fortin et Thomas Lemieux, "Labor Market Institutions
and the Distribution of Wages, 1973-1992 : A Semiparametric Approach”, avril
1994, 73 pages.

Campbell, Bryan et Jean-Marie Dufour, “Exact Nonparametric Tests of
Orthogonality and Random Walk in the Presence of a Drift Parameter”, avril
1994, 32 pages.

Bollerslev, Tim et Eric Ghysels, "Periodic Autoregressive Conditional
Heteroskedasticity”, mai 1994, 29 pages.

Cardia, Emanuela, "The Effects of Government Financial Policies : Can We
Assume Ricardian Equivalence?", mai 1994, 42 pages.



9410 :

9411 :

9412 :

9413 :

9414 :

9415 :

9416 :

9417 :

9418 :

9419 :

9420 :

9421 :

Kollmann, Robert, “Hidden Unemployment : A Search Theoretic Interpretation”,
mai 1994, 9 pages.

Kollmann, Robert, “The Correlation of Productivity Growth Across Regions and
Industries in the US", juin 1994, 14 pages.

Gaudry, Marc, Benedikt Mandel et Wemer Rothengatter, "Introducing Spatial
Competition through an Autoregressive Contiguous Distributed (AR-C-D)
Process in Intercity Generation-Distribution Models within a Quasi-Direct Format
(QDF)", juin 1994, 64 pages.

Gaudry, Marc et Alexandre Le Leyzour, "Improving a Fragile Linear Logit
Model Specified for High Speed Rail Demand Analysis in the Quebec-Windsor
Corridor of Canada”, aot 1994, 39 pages.

Lewis, Tracy et Michel Poitevin, "Disclosure of Information in Regulatory
Proceedings”, juillet 1994, 38 pages.

Ambler, Steve, Emanuela Cardia et Jeannine Farazli, "Export Promotion and
Growth", aolt 1994, 41 pages.

Ghysels, Eric et Haldun Sarlan, "On the Analysis of Business Cycles Through
the Spectrum of Chronologies”, aoit 1994, 37 pages.

Martel, Jocelyn et Timothy C.G. Fisher, "The Creditors’ Financial
Reorganization Decision : New Evidence from Canadian Data”, aoit 1994,
21 pages.

Cannings, Kathy, Claude Montmarquette €t Sophie Mahseredjian, "Entrance
Quotas and Admission to Medical Schools : A Sequential Probit Model",
septembre 1994, 26 pages. :

Cannings, Kathy, Claude Montmarquette et Sophie Mahseredjian, "Major
Choices : Undergraduate Concentrations and the Probability of Graduation”,
septembre 1994, 26 pages.

Nabeya, Seiji et Pierre Perron, " Approximations to Some Exact Distributions in
the First Order Autoregressive Model with Dependent Errors", septembre 1994,
40 pages.

Perron, " Pierre, "Further Evidence on Breaking Trend . Functions in
Macroeconomic Variables”, octobre 1994, 50 pages.

ii



9422 :

9423 .

9424 :

9425 :

9426 :

9427 :

9428 :

9501 :

9502 :

9503 :

9504 :

9605 :

9506 :

Vogelsang, Timothy J. et Pierre Perron, “Additional Tests for a Unit Root
Allowing for a Break in the Trend Function at an Unknown Time", novembre
1994, 57 pages.

Ng, Serena et Pierre Perron, "Unit Root Tests in ARMA Models with Data
Dependent Methods for the Selection of the Truncation Lag"”, décembre 1994,
41 pages.

Perron, Pierre, “The Adequacy of Asymptotic Approximations in the Near-
Integrated Autoregressive Model with Dependent Errors*, décembre 1994, 37

pages.

Ghysels, Eric et Pierre Perron, "The Effect of Linear Filters on Dynamic Time
Series with Structural Change", décembre 1994, 35 pages.

Boyer, Marcel, Jean-Jacques Laffont, Philippe Mahenc et Michel Moreaux,
"Sequential Location Equilibria Under Incomplete Information”, décembre 1994,
38 pages.

Perron, Pierre et Serena NG, "Useful Modifications to Some Unit Root Tests
with Dependent Errors and their Local Asymptotic Properties”, décembre 1994,
41 pages.

Garcia, René et Pierre Perron, "An Analysis of the Real Interest Rate Under
Regime Shifts", décembre 1994, 42 pages.

Boyer, Marcel et Jean-Jacques Laffont, "Environmental Risks and Bank
Liability”, janvier 1995, 46 pages.

Margolis, David. N., "Firm Heterogeneity and Worker Self-Selection Bias
Estimated Returns to Seniority", décembre 1994, 29 pages.

Abowd, John M., Francis Kramarz et David N. Margolis, "High-Wage Workers
and High-Wage Firms", janvier 1995, 73 pages

Cardia, Emanuela et Steve Ambler, "Indexation Lags and Heterodox Stabilization
Programs”, janvier 1995, 29 pages.

Garcia, René et Huntley Schaller, "Are the Effects of Monetary Policy
Asymmetric?”, février, 42 pages.

Parent, Daniel, "Survol des contributions théoriques et empiriques liées au capital
humain®, février 1995, 70 pages.

iii



9507 :

9508 :

9509 :

9510 :

9511 :

9512 :

9513 :

9514 :

9515 :

9516 :

9517 :

9518 :

9519 :

Parent, Daniel, "Wages and Mobility : The Impact of Employer-Provided
Training”, février 1995, 34 pages.

Parent, Daniel, "Industry-Specific Capital and the Wage Profile : Evidence from
the NLSY and the PSID", février 1995, 21 pages.

Parent, Daniel, "Matching, Human Capital, and the Covariance Structure of
Earnings", février 1995, 54 pages.

Garcia, René, "Asymptotic Null Distribution of the Likelihood Ratio Test in
Markov Switching Models”, mars 1995, 50 pages.

Garcia, René, Annamaria Lusardi and Serena Ng, "Excess Sensivity and
Asymmetries in Consumption : An Empirical Investigation”, mars 1995,
26 pages.

Sprumont, Yves, "An Axiomatization of the Pazner-Schmeidler Rules in Large
Fair Division Problems”, mars 1995, 26 pages.

Ghysels, Eric, Lynda Khalaf and Cosmé Vodounou, "Simulation Based Inference
in Moving Average Models", mars 1995, 10 pages.

Ng, Serena, "Looking for Evidence of Speculative Stockholding in Commodity
Markets”, mars 1995, 25 pages.

Ng, Serena and Huntley Schaller, “The Risky Spread, Investment, and Monetary
Policy Transmission: Evidence on the Role of Asymmetric Information”,
mars 1995, 26 pages.

Ng, Serena, "Testing for Homogeneity in Demand Systems when the Regnessois
are Non-Stationary”, mars 1995, 26 pages.

Ghysels, Eric, Clive WJ. Granger and Pierre L. Siklos, "Is Seasonal Adjustment
a Linear or Nonlinear Data Filtering Process?”, mars 1995, 34 pages.

Ghysels, Eric, Alastair Hall and Hahn S. Lee, "On Periodic Structures and
Testing for Seasonal Unit Roots", mars 1995, 45 pages.

Sprumont, Yves, "On the Game - Theoretic Structure of Public - Good
Economies", mars 1995, 21 pages.

iv



