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ABSTRACT

A version of the permanent income model is developed in which the bliss point of the agent is stochastic.
The bliss point depends on realizations of the stochastic process generating labor income and a random
shock. The model predicts consumption and labor income share a common trend and that a linear
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Empirically, consumption appears more serially correlated than the model is capable of supporting.
Further, the volatility of consumption appears sensitive to time variation in real interest rates.
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I. Introduction

A stylized fact of macroeconomics is the ability of economlsts to create
paradoxes for themselves within the cohfext of long accepted theories. The
Deaton paradox and what can be called West's corollary fit this description.
The paradox of Deaton (1988), as interpreted by Deaton and Campbell (1989), is
that although permanent labor income is a ‘noisy’ élme series, aggregate
consumption is observed to be smoother than disposable income. As a result,
the standard permanent income hypothesis (PIH) predicts the time series of
consumption should be more variable than the time series of labor Iincome. The
empirical fact for aggregate post-war U.S. data is the opposite.

The corollary of West (1988b), given labor income possesses a unit root,
i1s that empirically consumption is insensitivity to innovations in lagged
labor income. This is even after making account for the inability of the
econometrician to observe all the information agents in the economy use in
forecasting future labor income. The upshot of West (1988b) is that given a
unit root in labor income it appears an empirical regularity is that news
about labor income has no implications for consumption.

To reconcile the excess smoothness quandary, Quah (1990) distinguishes
between permanent and transitory innovations in labor income. Once the
univariate process for labor income is broken into these two components, the
properties of the univariate process generating labor income are not
particularly relevant for the predictions of the standard PIH concerning the
smoothness of consumption. However, as Quah (1990) notes this leaves the
observed non-martingale behavior of aggregate consumption unexplained.

The martingale prediction of the standard PIH, that the best forecast of
future consumption is current consumption, ils the other key restriction on the

data made by the standard PIH. Empirically this prediction of the standard PIH



has been found wanting too. The results of Hall (1978), Flavin (1981},
Christlano (1987a) have in one way or another rejected the martingale
restriction.’ These results have come to be known as the excess sensitivity
debate whlile the results of Deaton and Campbell (1989) and West (1988b) have
come to be known as the excess smoothness quandary. Although the excess
smoothness quandary reliles on a unit root in labor income, the excess
sensitivity debate does not.

The purpose of this paper 1s to address some of the empirical issues
concerning the PIH within an economy in which the preferences or tastes of
agents change through time and labor income possesses a unit root. The model
described below follows the permanent income model found in Hansen (1988) and
Hansen and Sargent (1990). This verslion of the permanent income model is a
dynamic economy consisting of an infinitely lived representative agent who
possess quadratic utility, has access to a linear production technology, and a
complete set of state-contingent claims markets. One unique feature of this
economy 1is the presence of a preference or taste variable in the utility
function of the representative agent which is a linear function of the forcing
variables of the economy.2 The manner in which the taste variable enters the
utility function of the agent means it acts as a stochastic bliss point. An
outcome of this is the long run optimal consumption plan of the representative
agent 1s to set her consumption equal to her stochastic bliss point.

The parametric form of the stochastic bliss point adopted here along with

1
Nelson (1987) points out that the results in Flavin (1981) may be the result
of Inappropriate detrending procedures.

2
Equilibrium models of time-varying or changing tastes have been studled for

over twenty years, Some relevant models of micro behavlior are Pollak (1976a,
1976b) and Boyer (1983}. Models of aggregate behavior include Ryder and Heal
(1973), Boyer {1978}, Sundaresan (1989), Eichenbaum and Hansen {199Q),
Constantinides {1990), Abel {19901}, Backus, Gregory, and Telmer (1990}, Heaton

(1990, 1991), Ogakl and Park (1990), and Nason (1988, 1989).



the optimal consumption plan of the representative agent creates ; set of
predictions that differ from the standard PIH. For example, with a stochastic
bliss point the PIH no longer predicts consumption is a martingale. Further,
the PIH with a stochastic bliss point provides a set of identifying
restrictions on the permanent and transitory shocks of the bivariate
stochastic process of consumption and labor income. As in Quah (1990), these
identifying restrictlions provide a means for reconciling some of the empirical
anomalies of consumption with a (version) of the PIH.

The plan of the paper follows. Sections II borrows liberally from Hansen
(1988) and Hansen and Sargent (1990) to construct the permanent income model
when the utility function possesses time-varying tastes. Section III discusses
some econometric issues inveolved in cointegration and tests of the model of
section II. In the context of the model of section 1I, section IV presents

empirical results. A short conclusion appears as section V.

ITa. The Permanent Income Model with Changing Tastes
Hansen {1988) constructs a permanent income model with taste shocks
building up from the optimization problems of finitely many heterogeneous
consumers to the equilibrium laws-of-motion of the aggregate economy. Each
agent has a period utility function of the form
U(ct - gt) = -O.S(Ct - gt}z,
where ct and Qt represent consumption and the taste variable or stochastice
bliss point, respectively.3 Hence, agents measure utility as the difference

between their consumption and their stochastic bliss point and according to

this utility function agents chase their stochastic bliss point with the level

The standard PIH makes the bliss point constant, The empirical resultsg in
Lewbel (1987} suggest the quarterly u.s. aggregate time geries rejects
this specification of the bliss point.



of their consumption in prder to maximize utility. It is possible to aggregate
over the heterogenecus preferences of consumers Iinto a stand in or
representative agent because It is assumed the preferences of agents are
quadratic and the market for contingent claims is complete.4

In order to generate testable implicatlions for the PIH with a stochastlc
bliss point, the taste shock must be given explicit form. One simple way to do
this, which is consistent with Hansen (1988), is to make the gt common to all
agents a linear functicn of the entire realized history of aggregate labor
income, Yoo and a mean zero, independently and identically distributed (IID)

random variable, ut, with finite variance as In

-c-t = .C_(yt’ LR 1 yo) + ut-
Idiosyncratic preference shocks can be thought of as being IID so that in the
aggregate they wash out.”

The lifetime utility function of the infinitely lived representative

agent (ILRA) is of the non-myopic exogenous changing taste form
o % w .t 2 _ -1
Eo{[t=03 ute, - gt)} _Eo{Xt=OB [(ct - g,) /2]}, 0<B=(1+y) " <1, (1)

where 0 < Cy < Ei» for all dates t.® The symbols E

It

o and B (7) denote the
expectations operator with respect to date zero information and the discount
factor (the subjective rate-of-time preference), respectively. The utility

function of the ILRA is non-myoplac and exogenous because the date t policy

action of the ILRA has no effect on her utility during any date t+3, j =z 1.

In this case, equilibrium quantities and prices can be interpreted asg being
generated in a competitive market economy in which the equllibrium
distributlon of wealth In the economy has no effect on the decision rules of
the representative agent.

Mace {1989} constructs and tests a model of full consumptlion insurance into
which common and ldlosyncratic preference shocks could be introduced.

6
The term changing tastes ls saynonymous with the stochastic bllss point.



The date t information set of the ILRA is denoted by I, E.{-} = E{'/It}.

t!
It 1is assumed ut is unknown to the econometrician. The information set
avallable to the econometrician is denoted by Ht’ Ht < It (ut_1 ¢ H, 1= 0)

and let EJ-} = E(-/H,}.

To reflect the restrictions of the permanent income model, assume the
ILRA owns a linear constant returns-to-scale storage technology with fixed
gross return (1+r) for all dates t.” The budget constraint of the ILRA becomes

a = (1 + r)at ty,-¢ (2)

t+1 t’

where at is ;he physical wealth measured In units of the consumption good with

which the agent enters date t, r > 0 is the constant rate-of-return on wealth

between dates t and t+l1, and r is measured per unit of the consumption good.
Existence of a stochastic competitive equilibrium for this economy has

been shown by Hansen (1988) (among others). Key restrictions on a, and ¥ in

t
order for tractable solutions to be possible are noted with

lim (1 + ',r)'t/zat = 0.

t-yo0

This does not restrict at = 0, but means the ILRA cannot be made better off by

holding physical capital indefinitely. The restriction on the limiting

behavior of physical capital ensures a is measurable with respect to It'

t+1

The ITLRA enters date t with at units of physical wealth which she

invested in the linear production technology at the end of date t-1. Labor
income and u, are realized immediately after date %t begins. Concurrentiy. the
agent receives the return from her investment in the technology, (1 + r)at.
Next, the ILRA makes her date t consumption {or saving) decision. This ends

date t and has the ILRA entering date t+1 with a units of physical wealth.

t+1

7

Christiano (1987b) shows that a real business cycle model with a  production
technelogy linear in capltal yields a rate-of-return equal across assets in
the economy and constant for all time; also see Hansen and Sargent {(1990).



IIb. The Decision Rules of the ILRA with Changing Tastes

In order to derive the predictions of the PIH with changing tastes,

maximize (1) over uncertain consumption streams subject to (2), 0 = C, S &
and given a,- The first-order necessary conditions yleld the Euler equation
-[ct - gt] + B(1 + r)Et{ct+1 - 3t+1} = Q. (3)
The PIH sets ¥ = r. Hansen (1988) shows that when this restriction is assumed
- = - - _ P
(1 L)at+1 Y T S [yﬁ gt]. (4)
and
= - P
Cp =g *+ra  + yi = (5)

are the laws-of-motion for (aggregate) physical wealth and consumption,

respectively, where Lx = and xP = r(1+1:')“lzj‘:'=°o(14-1')_‘j The first

t = Fp-q t EXeay

difference 1n consumption can be found by lagging (5) once, subtracting 4
from c,, and substituting (4) to produce

t!
_ = _ P _ P
(1 - L), = (1 -Llg +dy; - 8¢, (6]
P _ -1l w =J -
where Axt = r(l+r) ZJ=O(1+r) [Etxt+J Et-1xt+J]'

Another set of restrictions for the PIH under changing tastes can be
derived from (3). A solution which satisfies (3) is the consumption plan

c, = g (7)

for all dates t.° In order to study (7) and its implications for the PIH with

changing tastes, the stechastic bliss point is defined to be the sum of u, and

a geometric average of the entire history of realized labor income

parameterized by the ‘persistence’ parameter 68 and the ‘trend’ parameter ¢

8H.nnsen (1988) notes that ¥ = r and the solution glven by (7) results 1in an
undesirable law of motlon for aggregate physical wealth. In particular, ¥ = r
resulta in the solution given by (7) and the law of motlon for physical wealth
given by the intertemporal budget  constraint (2); see  Hansen (1988} especlally
his footnote 6. Nonetheless, the transversality condition is not violated by
this solution; see Hansen and Sargent (1990).



e = o1 - o], Zely,, + uy.

where ¢ € [0,w) and 6 € [0,1). The specification ¢, makes the stochastic bliss
point resemble the PIH solution for consumption of Friedman (1957) as
constructed by Muth (1960). More importantly, as will be discussed the analog
to the ‘transitory consumption shocks' of Flavin (1981) are serially
correlated as well as correlated with permanent shocks to labor 1ncome.9

To show this and develop testable implications of the PIH with changing
tastes, passing through the operator (1-6L) causes (7) to become a first-order
stochastic difference equation in consumption

¢, = ect_1 + ¢(1 - B)Yt +u, -0 (8)

e T
Define q, = ¢ - ¢(1~-9}yt - 9°t-1 and (8) can be written as

q, = (1-L)e, - ¢(1-8)(1-L)y, - ou, _, - Et_l{(i-L)ct - ¢(1-e)(1—L)yt} (9)

Given labor income possesses a unit root, equation (9) states that the PIH
with changing tastes renders a linear combination of current consumption,
current labor inceme, and lagged consumption staticnary.

On the basis of It-l’ aQ, Is partially predictable for the ILRA. That 1is

Et—lqt = 9ut_1 and consumption is not a martingale. The partial predictability

of 9 has implications for testing the PIH with changing tastes. To develop
the testable implications of the PIH, begin with
P - _g|™! - - -1

g, = ¢y€ + r[1+r 9] [Ct ¢(1 Glyt] + r(l+r) u,
so that using (7), (5) becomes

. - - - -1 - -1 :

¢, = ¢(1-0)y, + (1+r BJ[at + (1-¢)r yi (1+r) ut] (5")

which resembles a Keynesian consumption function. Equation (9) and the first

difference of equation (5’) are used to produce

(10)

q, = [(1+r~9)(1-¢)r_1]Ayi - (1+r-9)(1+r)_1ut - 9“t-1‘

9

Falk and Lee {1990} discuss the importance of reconciling the restrictions of
the PIH of Frledman (1957) with the restrictions of the PIH of Hall (1978) and
Flavin (1981).



Equation (10} expresses the short run equllibrium dynamics of the economy.

One way to understand these short run dynamics is to use equation (10} to
generate the model of taste shocks due to Hayashi (1988). A version of the
taste shock model of Hayashi (1988) 1is found by setting ¢ = 0 and 6 = 1 in
(10) to produce

(1-L)e, = Ayi - r(1+r)_1ut - Uy
As noted by Hayashi (1988), the introduction of taste shocks causes
consumption to lose the random walk property. Moreover, if U, 4 and Yy.q Were
correlated, a regression of (1-—L)ct on (1—L)yt_1 would yield a statistically
significant slope coefficient.'’ Of course, (10) yields the same implications.

The Keynesian consumption function (5‘) of the PIH with changing tastes
can be made to resemble the consumption function studied by Campbell and

Mankiw (1989, 1990). The relationship between disposable income, ydt =Y, +

ra,, and consumption means equation (5’) can be rewritten as

¢, = o(1 - e]ydt * Py
where

¢, = [1+r[1-¢(1-9)]-6]at + (1+r-9)[(1-¢)r_1y€ - (1+r)_1ut].

In this case, an instrumental variables regression of (l-L)ct on (I—L)ydt will
yield a significant slope coefficient irrespective of the cholce of
instruments because (l—L)at is a function of u, . Hence, the PIH with changing
tastes 1s observationally equivalent to the model of Campbell and Mankiw
(1989, 1990), but the policy implications of the two models are disparate.

Although (10) vields Et—lqt = -But_l, a problem for an econometrician

loﬂayashl polnts out the moving average structure Iin his permanent income model
with taste shocks could be the result of measurement errors in consumption.
The source of the measurement errors in consumption could be elther temporal
aggregation as in Heaton {1990) and Christtano, Elchenbaum, and Marshall
(1591), durabllity as= in Eichenbaum and Hansen {1990}, or sampling errors as
In Wilcox (1988),



attempting to test the time serles Implications of the PIH with changing

tastes is that u ¢ Ht’ J =z 0. Nonetheless, the econometrician can infer the

t-J
unknown random disturbance ut from the information set Ht' Define
H _ -lp =J _
Ayt =r{(l +r) ZJ=O(1+r) [E]:yt-’_‘j El:-lyt*'_j]

and the econometrician equates common terms in (8) and (10) to produce
o - (1+r-e)(1—¢)(1+r)r'1[z(1+r)-e]“1Ay§.

Hence, for the econometrician equation (10) becomes

q? = (1+r~9)(1—¢)(1+r)r-1[2(1+r)-9]_1[ﬁy? - Bnyg_l] {10°)

and (10’) has the forecasting properties

H =
EH qH ) -FBAyt_l.J—O,
t-17t+] 0. =1,
where T' = (1+4r-0)(1-¢) (1+r)r T [2(1+r)-0] 1.1
Equation (10°) can be used to develop a test of the sensitivity of
consumption to news about labor income as in West (1988b). From proposition 1
of West (1988a), the variance inequality is derived as
2 H H 2
Eeq - E{qt/Itﬂl}] < E[qt - Et_l{qt/Ht_l}] .
Let Y be generated by a stationary pth order autoregressive integrated,

ARI(p,1), stochastic process

p(L)(l—L)yt = e,
p 2 2 .
where p(L) = 1 - plL - ... - ppL , E(et) = 0, and E(et) = o Given this
autoregression for (l-L)yt. the formula of Hansen and Sargent (1980), and the
results in West {1988a, 1988b), the variance inequality becomes
of = T2 (1+6%)p(11er1 ™) %2, (1)
2 _ _ 2. X
where 0q = E[qt E{qt/It_l}] ; see the appendix for details.
Equations (10‘) and (11) summarizes all the testable implications of the

PIH with changing tastes. The forecasting properties of qf given by (10’) can

1
Equation (10’) can be developed from a Kalman filter procedure as well.



be exploited in order to construct tests of various restrictlions of the PIH
with changing tastes. For instance, there should be no variables in Ht-l that
help to explain Dy yq However, note that tests of this prediction are weak
restrictions of model. The variance bounds test of (11) contalns the stronger
restrictions of the PIH with changing tastes.

The solution given by (7), the optimality of setting consumption equal to

the bliss point and altiering a to satisfy this consumption plan provides a

t+1
set of long run or low frequency restrictions on the bivariate stochastic
process of consumptlon and labor income. The static or long run equilibrium of

this economy as derived from (8) is

cg = ¢ys+ u (12)
where the subscript s denotes'the static (long run) equilibrium value of a
variable. The PIH with changing tastes (along with the parametric form of gt)
makes cs - ¢ys stationary. For physical wealth, the long run equilibrium
relationship is found using the budget constraint (2) and equation {12)
a_ = —r-l(l - ¢)ys - r_lus

A nonstochastic long run equilibrium has 0 < ag for 1 < ¢.12

Equations (10’)} and (12) have the virtues that the former predicts q, is
a stationary time series describing the short run dynamics of the model while
the latter predicts the long run equilibrium relationship between consumpticn
and labor income is stationary. These are the identifying restrictions on the
permanent and transitory shocks of the PIH with changing tastes which are

obgserved by the econometrician. However, the PIH with changing tastes

presented here is only one of many possible identification schemes.13

12
The long run equilibrium =solution of physlical wealth can be found also by

substituting equatlon (5') into the intertemporal budget constralnt {2) and
solving for the long run equilibriumn value of physlcal wealth,

13
Quah (1991} identifies permanent and trangitory shocks in labor income which

10



The long run restriction of the model is the bivariate relation between
consumption and labor income given by (12). Glven labor income possess a unit
root, consumbtion and labor income share a common stochastic trend which has
come to be know as a cointegrating relation. Let o« = [1 -¢], z% = [ct yt] and
n = a'zt where @« is the cointegrating vector and the trend parameter ¢ is the
cointegrating parameter. The importance of cointegration for the estimation

and testing of the PIH with changing tastes is pursued in the next section.

I1I. Cointegration, Structural Stability, and the PIH with Changing Tastes

The previous section presented the testable implications of the PIH with
changing tastes. The econometric properties of the cointegrating relatlioen, L
= a’zt. depends on the order of integration of consumption and labor income.
Given consumption and labor income are integrated of order one, I(1), the PIH
with changing tastes makes a linear combination of consumption and labor
income a stochastic process integrated of order zero, I(0); see Stock (1987).

Standard practice for estimating cointegrating relationships 1is to
perform an ordinary least squares (OLS) regression of the type

c, = ¢yt * M. (13)

With sample size T, Stock (1987) shows that the standard error of ¢ converges
at rate T making the OLS estimate of ¢, a. super-consistent. It is worthwhile

noting that the reason 1t is not possible to regress c, on Y and c to

t t-1
estimate ¢ and @ as suggested by (8) is that (i) ¢ possesses a non-standard

distribution and (ii) it can be shown that 8 ls distributed asymptotically

drive the bivariate stochastlc process of labor income and consumptlon when

they are first differenced. If labor income possesses a unit root, the PIH
with changing tastes makes 1t incorrect to test its predictlons with (1-L)yy¢
and (1-L)ce; see Hansen, Roberds, and Sargent {1587). Nevertheless, the
critique Quah (1991) outlines remains valid, but for the bivariate process of

(1-L)yy and qe+1.

11



normal; see Gregory, Pagan, and Smith (1991).

Several tests under the null of no colntegration have been developed by
Engle and Granger (1987), Phillips (1987), and Phillips and Perron (1988).
Granger and Engle (1987) propose to estimate an augmented Dickey-Fuller (ADF)
regression to construct a simple t-ratlo, ta, to test for a unit root in the
OLS residuals, ;t’ from the regresslion of c, ony,. This is the OLS regression

(L = sn_y + TR coim o+ w,
where the p lags of the first difference of the QLS residuals ;t are inserted

to remove serial correlation in wt.

The tests suggested by Phillips (1987) and Phillips and Perron {1988)

require the regression

-~

M =My Wy

to be estimated by OLS and calculation of the ‘modified’ t-ratio statistics

e TIR_1Y "2 _ "2 =2 T 22 -1
26 = T(3-1) 0.5(w ww)(T 2t=2nt_1)
and
_ Al 2. T 22 (172 _ 2 t2, 02,2 T "2 (-1/2
2, = T(6-1)/(w"E _m,_,) 0.5(w” = o) (T "Z _,m_,) ,
"2 -1 T 72 ~2 ; :
where o, = T 2t=2wt_1 and w 1s an estimate of the variance of Wy at

frequency zero. Estimation of ;2 is discussed in Newey and West (1987).

Critical values for ta, 26' and 2t are found in Phillips and Ouliaris (1990).14
A problem presented by the PIH with changing tastes is that nt is

serially correlated causing a bias in the tests for cointegration; see Gregory

(1991). The source of the serial correlation of n, is the persistence in

consumption produced by 6. To show this, rewrite equation (10) as

(l-L)ct = —(1-9)[ct_1 - ¢yt]+ vy

where v, = Ir—1(1+r-9)(1—¢)]Ay§ - (1+r—9)(1+r)_1ut - 6u,_, and substitute for

14
The Monte Carlo evidence in Gregory (1991) suggests that the ADF t-ratic test

of Granger and Engle {1987) and the Zj statistlc of Phillips (1987) have
reasonable small sample properties.

12



-1 in (10) to find

_ _an-1 _ _ PSS | _ _
c, = ¢yt + (1-9) [vt e(1 L)ct]. n, = (1-0) [vt e(1 L)ct].
Hence, 7. inherits the serial correlation present in consumption.
To work around the problem of the serial correlation of "t' The first

step is to estimate ¢ with OLS by regressing ¢, on Yy- Although the tests for

t
cointegration will be biased, the estimate of ¢ 1s super-consistent. The
second step recognizes that the super-consistency of ¢ allows the uncertainty
surrounding the OLS estimate of ¢, ;, to be ignored when estimating the error
correction equation

(1-L)ct =-(1 -9)a'z

t-1 V- (14)

where y¢t = ¢yt. Equation (14) follows directly from (10). To obtain a

+ (1 - 9)(1-L)Y¢t +

consistent estimate of 6, 0, (14) can be estimated by the generalized methods
of moments (GMM) estimator of Hansen (1982).%°
The process is repeated in a second round. Only now with a consistent

estimate of 8 the cointegration regression becomes

* — *

cy ¢yt + Vi (15)
where c¥ = ¢ + 8(1-8)"'(1-L)c, and v} = (1-8)"'v,."® The transformation of the
dependent variable into c; removes the serial correlation in the error term

and allows for unblased tests of the null hypothesis of no cointegration. The
final step of the second round is to use the second round estimate of ¢ in
(14) to generate a second round GMM estimate of 6.

Besides OLS, two other methods are used to estimate ¢ as a check on the
OLS estimate of ¢. These are the fully-modified estimator of Phillips and

Hansen (1990) and the GMM estimator of Hansen (1982) as discussed in West

15

The GMM estimator of  Hansen (1982) is relevant because of the correlation
between the first difference of labor income and vy.
16

The author wishes to thank Allan Gregory for suggesting the
transformatlon.

13



(1988c). The Phillips and Hansen fully-modified (PH-FM) estimator and the GMM
estimator of West (1988c) of cointegrating relations allow for inference on
the cointegrating vector with classical asymptotlic distribution theory.

PH-FM estimation involves applying OLS to (13) to construct ;t' Next,

(l-L)yt is demeaned and saved as ct' Set w, = [nt {t] and adopt the Newey and

t

West (1987) procedure to estimate the long run variance matrices

~  _eT 1T ~ =,
Q ‘ZJ=—T33T Xt=j+1"t-jwt’
and,

~ - _-1 -~ A’
A= ZJ=035T Zt=j+1“t— Ve
where g = 1 - 1j/(T+j)]. Partition Q and A by
- n St - n Mg
Q= 1. - and A = | ~
Qun  Qqz Agy Mg

to transform the dependent c, with c: =c - Qﬂgﬁéct. The PH-FM estimator is

P = [Zt l[tyt T(0 A3p) ]][[t 1yt] '

where R;E = Anz = AgQ%iQ,. The scores of the PH-FM estimator are defined by
~ ~+ _ 9 h “+ _ “+ d T é =0
§¢ = Y™ Afp|)> where my = ¢, -~ ¢y, an Limi6e = O
The other check on the OLS estimate of ¢ is the estimator proposed by

West (1988c). West (1988c) shows that if a set of I(1) variables which form a
cointegrating relationship possess first differences with nonzero
unconditional means, it is possible to estimate the cointegrating vector with
GMM. '7 The GMM estimator of ¢ is

- - ’ a1 ’ -1, -1,

¢GMM = [Y GS G Y] ¥'GS "G'C,
where the tth rows of Y and C are A and Cy» G is a Txk matrix of (possibly

nonstationary) instruments, and S is the Newey and West (1987) corrected

17
The proofs of asymptotlc normality 1in West (1988¢c) rely on the regressors and

error term having finlte fourth moments too.

14



estimate of the variance of nteG at the zero frequency. To compute the

t

variance of ¢GMM construct

- z-1.,.]-1
v = |v'68 o'y

and J(¢) = ;Ggqlc'; is the quadratic objective function of the GMM problem of
(13). The J{¢) statistic is the Hansen (1982) test of lnstrument orthogonality
and is distributed asymptotically xz with k-1 degrees-of-freedom; see West
(1988c) for details. '

One advantage of the PH-FM estimator is that with it Hansen (1991) has
developed tests of parameter stability of cointegrating relations. All the
tests to be considered treat the break point, <nT>, n € (0,1), as unknown.18
<nT> represents the integer part of #T. In order to construct the tests, the
data set must be trimmed to guarantee the test statistics do not diverge to
infinity (almost surely). Andrews (1990) suggests m e [0.15, 0.85] = [T and
that is follewed throughout this paper.

The null hypothesis of the first test is H0:¢1 = ¢2 and the alternative
is Ha:¢1 ® ¢2. T unknown, where the subscripts denote either the first or

second subsample. The test statistic is SupF = Supneﬂ F(m) where

p= — - ’ -1-_-_- A—f
F(n) = tr[_T(n} Z(m) _T(nlﬂﬂ.c]
s () = Vo', Quer = Oy - @ilOrn, T. = Mo(m) - M (mM.(m) " M_(n), and
=T t=1 5t "% K A T T T T
MT(n) = z:§>y%. This test is referred to as the SupF test.

The assumption of a martingale process for ¢ is maintained for the other

two tests of parameter instability of ¢ considered here. For ¢t = ¢t~1 + £y

g, ~ I11B{0, Swi], known constant S measures the parameter constancy during

18
As noted by Andrews (1990), treating the break point as known prior to

testlng sequentially for parameter instabllity causes the slze of the tests
for parameter constancy to become distorted because the limiting distribution
of the test is altered.
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date t. The HO:S = 0 and Ha:O < 5.'7 The F-test whieh is available under this
null is given by ’I‘-1 t:§>Ftn) and is known as the Mean F test. With the
martingale null a Lagrange multiplier like test exists as
Lc = tr[Mt(1)'1[tLétﬁ;,.’;ét].

An advantage of the Lc test is it requires no choice for the trim. Hansen
(1991) provides detalls and asymptotic critical values for the three tests.20

A test for structural stablility of the second round estimation of 6 in
(14) can be conducted with statistics developed by Ghysels and Hall (1990) and
Andrews (1990). From the likelihood ratio test of Eichenbaum, Hansen, and
Singleton (1988), Ghysels and Hall (1990) develop a statistic to test for
parameter instability at a known fixed break peint. The test statistic is

LR = J12(8) - J;(0)

where LRT is asymptotically distributed xz(k-l). k-1 is the number of
orthogonality conditions to be tested, J12(8) = J,(8) + J2(8) is the sum of
the quadratic GMM ijective functions of (14) for the two subsamples evaluated
at 8, and J1(6] is the objective function of the GMM problem of (14) for the
first subsample; see Ghysels and Hall (1990) for details.

Andrews (1990) allows for an unknown break point. The test statistic is a

Wald statistic of the form Supnen WT(n) where
17 -1[+ ~
VQGMMZ(H)] [Bl(n] ez(nl],

where VGGMMi is the estimate of the variance of the GMM estimator of @ for the

(m) + (1-mw)~

- mla o -17
WT(n] = T[Bi(n] - ez(n)][n VBGMMl

i =1, 2 subsample, for the HD:B1 = 92 and Ha:e1 * 92. To implement the test,

the trim is set by nm e [0.15, 0.85]; see Andrews (1990) for detalls and

asymptotic critical values.

19
This choice for S meanz the hazard of parameter non-constancy 1s constant for
the sample period.

20
Gregory and Nason (1991) report small sample properties of the Mean F, SupF,
and Lc tests In a varlety of economic environments,
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The second round estimates of ¢ and @ can be used to perform tests of the
PIH with changing tastes. In all these tests, the uncertainty surrounding the
estimates of ¢ and @ are ignored. The variance bounds inequality of (11) 1is

computed In two steps. First, the variance of q, is computed

2
t!

~2 -1 T %
o7 = (T-1) Yioqd
where q, =¢, - o1 - e)yt - 8c, ;-

The second step 1s to estimate cz. To accomplish this, an ARI(p,1) for

2

labor income is estimated in order to calculate p([1+r]_1) and o,

- = p -
(1 L)yt B+ Zi=1pi(1 Ly _y + &, (16)

The variance of 02 is estimated with
"2 s =lp T2
o = (T-2P) Ty e
where e, is the date t OLS residual of (16). From (11), the variance bounds

test statistic becomes

~Aya 1

H: 0=V p([1+4r]” 22 2

) o, - g’ (17)
where Wz = F2(1 + 92). The standard errors of vi. p([1+r]-1)-2, 02. and the
test statistics are computed numerically; for details see West (1988a).

Another test of the PIH with changing tastes can be constructed by

~ ~

regressing q, ., on the elements of Ht—l' Ht—l = ((1_L)yt—1' 0 Qg L) A
simple means to implement this is the OLS regression
- _ x K -
ey =B F Xi=1“’yi(1 Ly, 5 + Zi=1wqiqt—i * Ay (18)
The hypotheses tests are
H:lp.=0, 1=1, ikl
oy’ vyi
H :y¢ ,=01=1, . K,
ogq’ "qi
and
H :¢ .=y . =0 1=1, ..., k.
oyq  "yi qi
Wald tests are used to evaluate H and H and F-tests are used for H .
oy ) oyq
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IV. Empirical Results

The data wused for estimation has two sources. Time serles for
expenditures on services, nondurable goods, durable goods, and disposable
income, ydt, are from the National Income and Product Accounts (NIPA). The
time series for aggregate labor income is from the MPS model data bank; see
Brayton and Mauskopf (1985).21 All serles are quarterly, seasonally ad justed,
per caplta, and in 1982 dollars. The sample period is 1955.1 through 1987. 4.

Two different definitions of per capita consumption are used In the
empirical work. The first definition sets consumption equal to per capita

expenditures on nondurable goods and services, The other definition of

-
consumption, Cop is per capita expenditures on neondurable goods, services,
and durable goods and is referred to as total consumption expenditures.22 The
deflator used to convert.per capita labor income, Yit and Yoi- to 1982 dollars
depends on the definition of per capita consumption.

To begin the empirical analysis, figure 1 contains time plots of clt/ylt,
C2t/y2t and for comparison clt/ydt' and th/ydt' Not surprisingly given the
resulﬁs in Campbell (1987), clt/ydt and CZt/'ydt appear from casual inspection
of figure 1 to be stationary time series. The same is true for Clt/ylt;
however, this ratio exhibits much more variability than elther clt/'ydt or
C,/¥d,. A trend break appears to occur in ¢, /y,, during either 1970 or 1974.

Table 1 contalns the results of various univariate unit root tests. One

means for testing for the presence of a unit root in a time series is to

21
The author wlshes to thank Dawn Rehm for making the HPS data available.
22

The PIH with changing tastes 1s tested with two different definltions of
consumption. A reason for conducting inference in this fashion is to avoid
some difficult empirical issues. The empirlical tests of Elchenbaum and Hansen
(1990} of the substltutability of durable goods for nondurable goods, when the
preferences of the representatlive agent are quadratic, suggest these goods are
perfect substitutes. However, aggregating durable and nondurable goods implles

their relative price is fixed which, as Elchenbaum and Hansen (1990) note, is
at odds with the data.
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estimate the ADF'regression

- = P -
(1-Ldx, =y + pt + 3%, + zizlvi(l Lix, , +w,

23

vhere p equals six in order to correct for the serial correlation in w The

¢
left most column of table 1 is the t-ratio, ta. of the estimate of &. For
neither Cypr Copr ylt’ nor You» is t5 less than the 5 percent asymptotic

critical level of -3.4l.

The other unit root tests reported in table 2 have been studled by
Phillips (1987) and Perron (1988). The Phillips-Perron regression is

(l—L)xt il uzt + axt_l * W

The test statistics of the Phillips-Perron regression reported in table 2 have
been corrected for serial correlation by a sixth order Newey-West (1987)
correctiou.24 The t-ratiocs, Z(8) of the Phillips-Perron regression are listed
in the second column {(moving from right to left). The columns headed by 2(¢3)
and 2(¢2) are the F-tests of the hypotheses By =By, = § =0 and g = 3 =0,
respectively; see Perron (1988). As for the t-ratio from the ADF regression,
none of these tests are able to reject the hypotheses of a unit root in either
€1t St Yiv °F Yo

Given the evidence against trend stationarity in ¢ c

1t Sapr Yy 20d Yoy,

several summary statistics for the first differences of Cipr Copr Yyt and Yo

are reperted in table 2. Notably, the first-order correlation coefficient of
(1-L)c1t and (1-L)c1t__1 is 0.24 and slightly more than two standard deviations
away from zero. Further, the contemporanecus correlation between (I-L)c1t and
(I-L)y1t is nearly 0.6 and statistically significant while the correlation

coefficient of (1—L)c1t and (1-L)y1t_1 is less an 0.25 with a t-ratio slightly

23
The results were little changed when elither two or four lage of the first

difference of the dependent varlable were used.

24
The Phillips=-Perron test statistics were calculated with second and fourth

order Newey-West correctlons. The cholce of the lag length for the Newey-West
correction dld not affect the test atatistlcs greatly.
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more than two.2® Similar results are found for {1—L)c2 and (1-L)y2t.

t

First round estimates of ¢ and @ appear in table 3. For Syt and Yit and
then Cot and Yoir the OLS regression of (13) is run and the three tests of the
null of consumption and labor income not being cointegrated are constructed.
All of these test statistics provide little if any evidence against the null
of no cointegration. Further, the PH-FM and the GMM estimates of ¢ are close
to the OLS estimate of ¢. For ;GMM' the instrument matrix G is chosen to have

the tth row [1y, , ... 1.

Yt-a
GMM estimation of (14) is performed with the instrument matrix
[1 (1—L)y¢t_2 ez o (1—L)y¢t,4 -« Zt—Sl
where the estimate of ¢ iIs the OLS estimate 1.083. Given stationarity of the

dependent variable and the independent variable (1-L)y1t-a the

241
over—identifying conditions cannot be rejected as the Hansen (1982} test
statistic can only be rejected at the 0.2 level. At the bottom of table 3, the
results for cZt and th are not qualitatively different.

Table 4 contains the second round estimates of ¢ and @. For c:t and ylt'
the most striking difference between the first and second round estimates of ¢

are the cointegration test statistics ta. Z and Zt all reject the null

6)

hypothesis of no cointegration at least at the ten percent level in the second

round. To generate ctt, the first round estimate of 8 of 0.956 is used. The

results in the bottom half of table 4 tell the same story with the null of no
cointegration rejected at the five percent critical levels for all the tests
considered. To create c;t, 0 equals 0.940.

Table 4 reports the SupF, Mean F, and Lc tests discussed in section III.

25

Christiano, Elchenbaum, and Marshall (1991) point out that temporal
aggregation can be the source of the serial correlation in the first
difference of c¢onsumption and the contemporaneous correlation between the

first difference of consumption and the first difference of labor income.
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None of the tests are able to reject any of the null hypotheses of parameter
constancy of ¢ for either Cyp OF G,y as the dependent variable. This is true
at the five and ten percent significance levels.26

To generate the second round GMM estimate of © from (14) for it and Y1t
the same instrument matrix is used as for the first round except the OLS
estimate of ¢ equals 1.171. The second round GMM estimate of © equals 0.974
and is significantly different from cne. The three orthogonality conditiocns
cannot be rejected at anything less than a }9 percent significﬁnce level,
Roughly similar results appear in the bottom half of table 4 for ot and Yoi:

Tests of parameter constancy of & are reported in table 4. The test
statistic labeled LR 1is the Ghysels and Hall {1990) likelihood ratio test of
parameter drift discussed in section III. This test requires a date be chosen
to split the sample into two subsamples. A straightforward split is to break
the sample into two equal halves. The split date is 1970.4. and roughly
corresponds to the date when the trend of the ratio th/th appears to break
in figure 1.2 With three degrees-of-freedom (three over-identifying conditions
are tested), the LR test statistic indicates rejection of the null hypothesis
at the 10 percent level when (1-L)c2t is the dependent variable. For (1—LJc1t,
the null hypothesis is rejected only at the 12.6 percent level.

The other test of parameter constancy is the SuPnEH WT(n) test of Andrews

(1990) outlined in section III. This test statistic is denoted by W(1) because

the test statistic has one degree-of-freedom (one parameter is estimated).

26The critical levels Hansen (1991) reports are for the case of an intercept |in
the colntegratlon equatlon. However, equation {15) involves no intercept which
means no nuisance parameter is estimated along with the parameter of
cointegration. In this case, the five and ten percent critical levels reported

at the bottom of table 4 for the SupF, Mean F, and Lc tests are conservatlve.

27
The reason the GChysels-Hall LR test 1is correctly sized, even though the break

point is chosen prior to testing, is that only one date and not a sequence of
dates ig tested for parameter constancy.
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Results similar to those for the Ghysels-Hall LR test are reported for W(1).
Parameter constancy for the second round estimate of 8 can be rejected only at.
significance levels greater than the ten percent level when (l-L)c1t is the
dependent variable. When (1-L)c2t 1s the dependent variable, parameter
stability of 8 1s rejected at less than the five percent critical level. In
the lower half of table 4, the date corresponding to <uT> of W(1) is 1982.2.

The tests of the PIH with changing tastes require construction of &lt and
&Zt' alt Is built with the second round estimates of ; = 1.171 and 5 = 0.974
and for azt 8 = 1.367 and 5 = 0.979 have been used. To implement the variance
bounds inequality test (17), the ‘best’ autoregressive model for {l—L)y1t and
(1-L)y2t, equation (16) is estimated by OLS for p = 0, 1, ..., 5 and the
Akaike Information Criterion (AIC) is calculated; see Granger and Newbold
(1986). For (l—L)y1t and (1-L)y2t, the AIC picked p = 1 as the best model.

The estimates of the variance bounds inequality of table 5 were performed
with quarterly real interest rates of 0.005 and 0.010. West (1988b) reports
the choice of the real interest rate has little effect on the estimate of the
variance bounds test statistic for the standard PIH. For the variance bounds
test statistic (17), this is not true because the parameter @2 is sensitive to
the choice of r. Although for either choice of r and for &1t and (1—L)ylt the
point estimates of the test statistic of (17) do not vioclate the variance
bounds inequality and the t-ratios are greater than 1.96, the t-ratio is about
two times larger for r equal to 0.005 than for r equal to 0.010,

For SO and (l—L}th, the variance bounds inequality is satisfied for r
equal to either 0.010 or 0.005. As before the point estimate of the test
statistic of (17) is not violated for either choice of r, but now neither
t-ratio is less than 4.1. Nonetheless, the evidence of parameter instability

in @ suggests these estimates be read cautiously.
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The results of estimating equation (18) by OLS appear in table 6. Table é
contains the estimated sum of the coefficlents wyi and wqi’ their (numerically
calculated) standard errors, Wald tests of H and H , and F-tests of H .

oy oq oyq
In summary, the hypothesis that variables In Ht—l provide no information for
predicting qt+1 can be rejected. Lags of ql begin to matter for q1t+1 at k =
2. This occurs at k = 4 for the Wald test of Hoy; however, the t-ratio of the
sum of wyi is only slightly greater than one at k = 4 and not much greater
than two at k = 5. The results are not qualitatively different for oty but
lags of q, and (1-—L)y2 begin to matter for Dty much earlier. Once again, the
regression results for q2 should be interpreted cautiously because of

parameter instability in 8.

¥. Conclusion

The purpose of this paper is to present a version of the permanent income
model in which the bliss point of the agent is stochastic. Given the
parametric form of the stochastic bliss point, a result of the PIH with
changing tastes is that a linear combination of current consumption, current
labor income, and lagged consumption form a stationary relationship. Further,
if labor income 1is stationary in first differences, the PIH with changing
tastes predicts consumption and labor income are cointegrated.

In order to conduct tests of the PIH with changing tastes the parameter
of cointegration must be estimated as well as a parameter capturing the short
run persistence in consumption. However, a bias in the tests for cointegration
exists because of serial correlation in consumption. A transformation exists
which rids this regression of the serial correlation in the residuals, but
this transformation requires a two round estimation procedure. It is possible

to recover the parameter of cointegration and the persistence parameter from
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thls two round procedure. The results of this two round procedure reject the
null hypothesis that consumption and labor income are not colntegrated for
either of the definitions of consumptlion used in this paper.

Tests of the parameter constancy of the parameter of the cointegration
relation and the persistence parameter are conducted. The tests suggest
parameter constancy for the parameter of cointegration Iirrespective of the
definition of consumption. For the persistence parameter, parameter constancy
is not rejected for consumption defined as expenditures on services and
nondurable goods and is rejected for total consumption.

The results of the tests of the PIH with changing tastes are mixed at
best. The PIH with changing tastes identifies explicitly the permanent and
temporary shocks of the bivariate stochastic process of consumption and labor
income. The identification scheme of the PIH with changing tastes is the long
run equilibrium {cointegration relation) that exists between consumption and
labor income and the short run persistence in consumption. Tests imposing this
identification scheme only go part of the way in resolving the excess
smoothness quandary. These tests suggest time variation in real interest rates
have implications for the observed smoothness of consumption. WNonetheless,
consumption appears to be more serially correlated than the PIH with changing
tastes is capable of supporting.

It appears that the PIH with changing tastes begins to explain or at
least provides a partial explanation for some of the empirical anomalies often
reported for aggregate consumption and labor income. This might recommend the
PIH with changing tastes as an alternative to the standard PIH. Nonetheless,
this Is a misreading of the model and empirical results that are found in this
paper. The successes and failures of the PIH with changing tastes give only

some direction in which to improve the dynamic model of aggregate household
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behavior. In the context of the results of this paper, the problems remaining
are to integrate time-varying real interest rates into the model as well as an
expliclt decision for durable goods expenditures. Attempts to model and test
the implications of time-varying real 1interest rates and the decislon to

purchase durables goods are left for future research.
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Appendix
This appendix constructs the variance bounds inequality (12). To begin,

define Xp =€ - 8c, 4 - e(1 - ¢)yt and

D_D__,D _ _ D_ro -J - - -
X, = ¢ ect_1 e(1 ¢)yt ZJ=0(1+r) [ct act—l e(1 ¢)yt].

This implies xD =x, + (1+r)-1xD

t t tel” In turn,
I _ -1 D
X, =%, 0+ (1+r) Etxt+1 (Al)
and
H _ -1 _H D
Xp =X ¢ (1+r) E¥Xt+1' {(A2)
Th ther definitions needed are f = ! - E D = xI - E xI and
€0 o € g+l - Feel T E a1 T Fter T FtFtar Bi+1
_H _ HD _ H _ HH
= x,, E:;l"tﬂ = xy,, E]:xt+1. By combining the last set of definitions with
1 -1, I H _
(A1) and (A2), the results are Xy = X+ (1+r) [xt+1 ft+1] and Xp = %X *
-1, H
(1+1r) [xt+1 - 8,,q]. A forward recursion produces
I _ o =J - @ -J
X, = Zj=0f1+z-) Xt £J=1(1+r) fivs (A3)
and
H _ @ =-J _ o =J
X, = j=0(1+r) xt+j [j=1(1+r) gt+j' (A4)
From propesition 1 of West (1988a),
H H 2 I I 2
E[xt - E{xt/Ht_l}] = E[xt E{xt/It_l}] .
Hence, (A3) and (A4) result in
) -2j. 2 © -2j..2
Vi (14 ™ Egy = |7 (1er) TS
. 2 2 .
and it follows Egt = Eft. Finally, note
2 _ 2 2
£f - E[qt E{qt/Ht_l}] = o (A5)

and
2 _2[[H _ ., K [ H _ . H 2
Egy =T [[yt E{yt/Ht—l}] E'["t~1 E{yt-l/ﬂt—z}]]

where the formula of Hansen and Sargent (1980), (16), and e, being serially

uncorrelated yield

Eg% = r2(1 + 92}[p([1+r]_1)—1et]2. (A6)

The variance bounds inequality of (11) follows from (AS) and (Ae).
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Table 1.

Tests For Unit Roots: Estimated t-ratios and F-tests
Estimation Period: 1955.1 to 1987.4

Seres % 00 20y 2@y
¢y -2.926 -2412 21.232 3.353
) -3.007 -2.437 13.338 3.818
¥1 -2.019 -1.803 4911 1.693
2 -2.285 -1.993 6.282 1.997

Definitions:

cq = expenditures on nondurables and services in constant 1982 dollars (NIPA),
¢4 = expenditures on nondurables, services, and durables in ¢constant 1982 dollars (NIPA),

y,= labour income deflated by the price deflator for expenditures on nondurables and services into constant
1982 dollars (MPS),

ya:= labour income deflated by the price deflator for expenditures on nondurables, services, and durables into
constant 1982 dollars (MPS).

1 The augmented Dickey-Fuller regression is

6
(I-L)x; =pg +Hg +8x;1 + 3, (1~ L)Vjxj + wy.
i=1
tg is the t-ratio of 8. The asymptotic five percent critical value is -3.41 and at ten percent it is -3.12; see
Fuller (1976).

2 The Phillips-Perron regression is
(1= L)Xy =y + Hot +8xpug + Wy

with a Newey-West correction of lag length 6 to obtain the asymptotic standard errors and F-statistics. Z(p)
is the t-ratio of the estimate of p. Z(®4) is the F-test of g =y = 8 = 0. Z(d,) is the F-estof w3 =6 =
0. The asymptotic five percent critical value is -3.41 and at ten percent it is -3.12 for the t-ratios Z(p).
The five and ten percent critical values for the F-test Z(d5) are 6.25 and 5.34, respectively. For Z(®,), the
relevant critical values are 4.68 and 4.03 at the five and ten percent levels; sec Perron (1988).



Table 2.

Means, Standard Deviations, and Correlations
Estimation Period: 1955.1 - 1987.4

Mean Standard Deviation
(1-L)ey 31.374 38.329
(4.233)1 (3.014)
(1 - Lyyy 27.909 53.137
(8.090) (2.908)
(1-L)cy, 39.372 55.308
(7.098) (4.558)
(1 - Lyya, 30.402 51.365
(7.740) (3.126)
Correlation Matri
(1-Ly},  1.000 0.244 0.592 0.234
(0.119) (0.090) (0.119)
(1-L)Cpe 1.000 0.412 0.602
(0.093) (0.091)
(1-L)yy, 1.000 0.522
(0.086)
(1-L)yy 1.000

Correlation Matrix

(1-Lcy, 1.000 0.232 0.579 0.248
(0.115) (0.083) (0.129)

(1-L)ege; 1.000 0.515 0.615
(0.097) (0.082)

(1- Lyya 1.000 0.545
(0.091)

(1-L)yar 1.000

1 All numbers in parentheses are asymptotc heteroskedastic, autocorrelation consistent
standard errors. To obtain them, a sixth order Newey-West correction was used.
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Table 3.

First Round Estimates of Cointegrating Vector,
Tests of Cointegration and Error Correction Models

Estimation Period: 1955.1 to 1987.4

Consumption Expenditures on Nondurables and Services!

1t
t%
Cit

1t

{1-Lcyt

Cot

2t

€2t

(1- L)y

1.083y7,, R2 = 0.958
(0.020)

-1.393 with two lags, -1.241 with six lags, Z3 = -3.601, and Z¢ =-1.215.

1.090y
(0.064)

1.091yy,. J(3) = 4.668
(0.045)5 (0.198)6

0.044 [(1 - L)y1¢t - az1p-1), J(3) = 4.552, 6 = 0.956
(0.006) 0.208) (0.006)

Total Consumption Expenditures!

1.271y5;, R2 = 0.971
(0.019)

-1.493 with two lags, -1.061 with six lags, Z3 = 4.149, and Z# = -1.393.

1.282yq,
(0.063)

1279y, J(3) = 2.801
0.047)5 0.423)6

0.060 [(1 - L)ypy - 020y, 1], J(3) = 5.237, 0 = 0.940
(0.012) 0.155)  (0.012)

1 All variables have been demeaned prior to estimation.
2 The augmented Dickey-Fuller regression is

p
(1= L) = 8t + 2013 LM + wy,

i=1

where 1, = cj; - cf:yit, i=1,2. As found in table IIb of Phillips and QOuliaris (1990) the critical values at
the five and ten percent significance levels for tg are -3.768 and -3.449, respectively.

3 Table Th of Phillips and Ouliaris (1990) report critical values for Zg at the five and ten percent
significance level of -21.483 and -18.178, respectively. A sixth order Newey-West correction was used.

4 Table IIB of Phillips and Quliaris report critical values for Z; at the five and ten percent significance level
of -3.768 and 3.449, respectively.

5 The number in parenthesis is the asymptotic heteroskedastic, autocorrelation consistent standard error, A
12th order Newey-West correction was used.

6 The asymptotic confidence level is in parenthesis,



Table 4.
Second Round Estimates of Cointegrating Vector,

Tests of Cointegration and Error Correction Models
Estimation Period: 1955.1 to 1987.4

Consumption Expenditures on Nondurables and Services!

ol
OLS: Cy;

]

1.171yy, R2 = 0.728
(0.063)

} = -4.016 with two lags, -3.195 with six lags, Z; = -95.217, and Z, = -8.373.

1
PH-FM: ¢;p = 1.189yq,, SupF = 10.522, Mean F = 1.792, Lc = 0.339
(0.072) (1982.4)°
. 1
GMM: oy = 11751, JG3) = 2706
(0.065)6 (0.439)7
GMM: (1-L)eyy = 0.026 [(1- L)ypg¢ - @'21p.11 J(3) =4.741, 6 = 0.974, LR(3) = 5.713, W(1)8 = 6.564
(0.004) (0.192)  (0.004) (0.126)
Total Consumption Expenditures!
1
OLS: 3 = 1367yp,R2=0.738
(0.019)
t% = -4,012 with two lags, -3.406 with six lags, Zg = -97.886, and Zf' =-8.406
«l
PH-FM: ¢y = 1367yy, SupF = 9.961, Mean F = 1.967, Lc = 0.375
(0.073) (1982.3)°
1
.
GMM: s, = 1.344ys,,J(3) = 2.398
(0.074)6 (0.494)7
GMM: (1-Lyege = 0.021 [(1 - L)ypg - 022111, J(3) = 4.316, 6 = 0.979, LR(3) = 6.140, W(1)8 = 8.887

(0.005) (0.229)  (0.005) (0.105)

1 c?tl =ci +6;Q1 —Bi)_l(l — L), i=1, 2, 80 =0.956, and 67 = 0.940.

2 See footnote 2 table 3.

3 See footnote 3 table 3.

4 See footnote 4 table 3.

5 The five percent critical values found in Hansen (1991) for the SupF, Mean F, and Lc statistics are 12.0, 4.17, and
0.582, respectively. The number in parenthesis is the date corresponding to the SupF statistic.

6 See footnote 5 table 3.

7 See footnote 6 table 3.

8 The five and ten percent critical values of the SupF Wald Test with one degree-of-freedom given in Andrews (1990) are
8.7 and 7.2 percent, respectively,
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Table 5.

Variance Bounds Test
Estimation Period: 1955.1 to 1987.4

Consumption Expenditures on Nondurables and Services

2
m p ol pl+r)y1 Sy 2 v252 of,l WY - oﬁl
r = 0.005: 13351 0.523 2410160  2.084 10462766  2.064 21507.919  1221.8922  20376.027
@228)]  (0.049)  (555.428)  (0.213)  (3222.611) -  (4630.103) (398.555)  (4647.225)
r = 0.010: 13.351 0523 2410.160  2.072 10351418  0.689  7133.802 1221892  5911.909
@228) (0.049) (555.428) (0210)  (3173958) -  (2634.886) (308.555)  (2664.858)

Total Consumption Expenditures

2 .
M p (52 pl(L+r)1}1 Oy ¥ ‘P%fl 032 ‘onfl - 032
r = 0.005: 14.016 0.551 2004.967 2.212 9808.544 6.898 67660.087 3263.8033  64396.284
(3.928) (0.046) (506.592) (0.222) (3162.846) - (8306.960) (651.379) (8332.459)
r ={0.010 14.016 0.551 2004.967 2.199 0691.910 2422 23472.164 3263.803 20208.361
(3.928) (0.046) (506.592) (0.218) (3112.150) - (4843.200)  (651.379) (4886.807)

1 A welfth order Newey-West correction was used to generate the asymptotic heteroskedaslic, autocorrelation consistent standard errors in parentheses.
2 qy =c¢q, - 0.9Mcey g - 0.031yy,.

3 gy = Cpy - 0979, g - 0.029y,.
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Table 6
Tests of Unpredictibility of g,
Estimation Period: 1955.1 to 1987.4

Consumption Expenditures on Nondurable Goods and Servicesl

k k
K Z Vi Ve we? W@  F@KT-2k-13
1 0.042 0.116 (.488 1.017 1.811
(0.060)4 (0.115) (0.485)5 (0.313) (0.168)
2 0.021 0.317 1.223 7.089 2.770
(0.071) (0.119) (0.542) (0.029) (0.030)
3 -0.055 0.417 3.842 11.577 2.397
: (0.075) (0.131) (0.279) (0.009) 0.032)
4 -0.078 0.348 8.306 10.085 2.639
(0.074) (0.183) (0.081) (0.039) (0.011)
5 -0.153 0.482 17.400 17.213 2.247
0.075 (0.188) (0.004) (0.004) (0.019)
Total Consumption Expenditures$
5 5
K 5 Vi &V We? W@ Bk T-2k-1)3
1 -0.037 0.240 0.178 4.712 3.184
(0.087)4 (0.110) (0.673)5 (06.030) (0.045)
2 -0.152 0.523 3.473 12.759 3.961
(0.136) (0.146) (0.176) (0.002) (0.005)
3 -0.371 0.680 17.247 41.976 4.369
(0.114) (0.107) (0.001) (0.000) (0.000)
4 -0.410 0.639 21.393 21.936 3.734
(0.114) (0.167) (0.000) (0.000) (0.001)
5 -0.516 0.747 35.352 27.244 3.061
(0.162) (0.203) (0.000) (0.000) (0.002)

1 gy =cq, - 0974cy,q - 0.031y4,.
2 The subscript indicates the degrees of freedom of the test statistic.
3 T is the number of observations, 132.

4 Newey-West (1987) asymptotic heteroskedastic, autocorrelation consistent standard errors are in parentheses. A
twelth order correction was used.

5 The p-value in parentheses is in percent.
6 gy, = gy - 0.979¢5, 1 - 0.029y,,.





