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ABSTRACT

Reflecting the nature of economic decisions, the error-correction
mechanism (ECM) in the error-correction representation of a system
of co-integrated variables may arise from forward-looking behavior.
In such a case, the estimated ECM coefficients may misleadingly
appear to be insignificant or to have the opposite-than-expected sign
if the variables in the error-correction representation do not ade-
quately capture short-run expectations. This paper explores the
nature of this problem with a theoretical model for consumption and
demonstrates how severe the problem can be with U.S. data. Because
the conditions for similar erroneous inferences are likely to apply to
many other settings, the paper also recommends a reexamination of
the evidence in cases where the ECM appears to be insignificant or to
display the “wrong” sign.
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I. Introduction

Since the publication of Engle and Granger’s (1987) seminal paper, “Co-
integration and Error Correction: Representation, Estimation, and Testing,”
it has been widely known that a system of co-integrated variables has an
error-correction representation in which the vector autoregression (VAR) in
differenced variables contains an error-correction mechanism (ECM). In
Engle and Granger’s paper, the ECM emerges as a statistical property of
the data, which supports theoretical explanations that stress an ECM’s
resemblance to a feedback control rule driven by some partial adjustment
mechanism (see, for example, Davidson et al. 1978 and Hendry et al.
1990). Nevertheless, because the nature of economic decisions suggests
that the ECM may arise from forward-looking behavior, it may also reflect
expectations about future events (see, among others, Campbell 1987 and
Alogoskoufis and Smith 1991). Thus, as this paper shows, estimated ECM
coefficients can misleadingly appear to be insignificant or to have the
opposite-than-expeéted sign if the other explanatory variables in the error-
correction representation generate poor conditional forecasts for the sys-
tem’s endogenous variables. In turn, the erroneous inferences about the
ECM coefficients can lead to misspecified econometric models in which
the ECM’s promise of better short-run forecasts will not materialize.

This paper explores the problem of erroneous inferences regarding the
estimated ECM coefficients by using the system of consumption and
income. It then demonstrates the potential magnitude of these errors with




U.S. data. Specifically, the second section combines the forward-looking
nature of consumption with a partial adjustment mechanism to derive a
theoretical model for consumption. In this model, consumption growth is
increasing in contemporaneous and (expected) future income growth and
decreasing in the ECM, while the ECM is increasing in future income
growth. Conversely, in the typical error-correction representation, con-
sumption growth is a function of the ECM and of lagged values of con-
sumption and income growth. Provided that these lagged values generate
good income-growth forecasts, the estimated ECM coefficient in the error-
correction representation will be negative. If not, as in the case of U.S. data,
the coefficient will be positively “biased.” This bias reflects the positive
correlation of future income growth with both the ECM and consumption
growth. The bias can be so severe that the ECM coefficient can mislead-
ingly appear to be insignificant or, even worse, positive. How can this prob-
lem be addressed? The bias can be reduced by including in the error-
correction representation other stationary variables that can help predict
income growth.

The empirical evidence, in Section 3, illustrates the problem of errone-
ous inferences regarding estimated ECM coefficients. The ECM (the
lagged residuals of the co-integrating regression of log consumption on log
income and a constant) is positively cotrelated with future income growth.
However, its coefficient in the error correction representation is positive
and insignificant. We test whether this result is due to the poor income-
growth forecasts generated by lagged consumption and income growth
terms by including contemporaneous income growth in the regression (the

working hypothesis is that expected values differ from realized ones by an




unpredictable stochastic term (Cumby et al. 1983). In this equation, the
ECM coefficient becomes negative but remains insignificant. However, the
addition of future income growth makes the coefficient significantly nega-
tive at the 5 percent level. The addition of another variable that can help
predict future income growth (the first lag of the growth rate of the Com-
posite Index of Eleven Leading Indicators) increases the coefficient’s sig-
nificance to the 1 percent level. Overall, in accordance with the theory .
outlined in Section 2, each additional variable correlated with future
income growth helps increase both the significance level and the absolute
value of the estimated ECM coefficient.

The forward-looking nature of economic decisions and the difficulty
of modeling expectations suggest that the conditions for erroneous infer-
ences about the estimated ECM coefficients are likely to apply to many
other settings. For this reason, Section 4 recommends a reevaluation of the
evidence in cases where the ECM coefficient appears to be insignificant or
with the wrong sign.

II. The Case of Consumption and Income
A. A Theoretical Model for the Error Correction Mechanism
Equations 1 through 3 summarize the problem faced by a forward-looking
individual who maximizes the expected value of a time-separable utility
function subject to a borrowing constraint:
T

1\

1) Max E, Z(TTS) «(C,, )¢ (8>0)
k=0

subject to

2) C,<X,




3) X,=RS,; +I,=R(X,;-C.;))+I, (R=1).

The timing and the nature of his decisions are as follows: at the begin-
ning of period ¢, he decides how much to consume, C,, in order to maxi-
mize his expected utility (equation 1) over the remaining planning horizon.
As a result of the borrowing constraint (equation 2) consumption cannot
- exceed the individual’s total assets, X,. X, is equal to the savings carried
over from t-1, RS, ;=R(X,.;-C,.;), plus the realized income, I,, as described
by equation 3. For simplicity, and without loss of generality, the real inter-
est rate (R is equal to one plus the real interest rate) and the length of the
planning horizon, T, are taken as exogenous. Because the analysis is based
on the stochastic implications of the permanent income hypothesis (PIH),
no particular assumptions are needed for the income process (Hall 1978).
Capital letters denote levels, small letters denote logs and A is the differ-
ence operator. Thus, Ac,=c,c, ; denotes consumption growth at ¢.

There is no closed-form solution for optimal consumption under
uncertainty and borrowing constraints. However, by using the first-order
condition of the individual’s optimization problem, it is clear that optimal
consumption is increasing in contemporaneous assets and expected future
income (for a formal analysis, see, among others, Schechtman and Escud-
ero 1977, Deaton 1991 and Antzoulatos 1994a). In mathematical terms, C.
; in equation 4 is increasing in X, ; and E, ;1,.; (k20 ):

€Y Co1=Coy(Xe s Epfly E gl ) Epglye3) ).

Similarly, E, ;C, is increasing in E, ;I,,;, (k>0 ).




When the individual is at an interior solution at ¢-I (nonbinding con-
straint), expected consumption change, E, ;AC, will be unrelated to
ECM, ; and any other economic variable observed at -1 or earlier, as the
permanent income hypothesis postulates (Hall 1978). This reflects the fact
that both C,_; and E,_;C, are increasing in expected income. The error-cor-

rection term, however,
(5) ECM,  =Cy-1,
will be increasing in E,_;I;,; (k 2 0) (equation 4).

However, when the individual faces a binding constraint at ¢-/ (corner
solution), expected consumption change will be increasing in E, ;I,,; (k=0)
and decreasing in ECM,_;. At a comer solution, it is C, ;=X, ;=RS, ;+I, .
Thus,

ECM, ; = (RS, »+1,.;) - I,.; = RS, ,.

Also, S, ;=0, X,=1, and

6) E JAC=E,  Ci-Crp=E jCE XGE Iy E i 200-) - Cpg
=B jCUE Iy Br il FE 14 25-) - (RSp. 41 ).

Because E, ;C, is increasing in E, ;I,,; (k20 ), expected consumption
change will increase in E, ;I,,; (k 2 0 ) as well. (For a more formal discussion
in the Euler equation framework, see Antzoulatos 1994b.) One caveat arises: if
the individual is expected to be at a corner solution at 1, E, ;C,=F, ;| X,=E, I,
consumption change will increase in contemporaneous income only. Further,
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E, ;AC, will be decreasing in RS, ; and consequently in ECM, ;.

In terms of the ECM, when the individual is at a corner solution,
ECM,_; will tend to be positively correlated with E, I, (k2 0). The rea-
son is that the individual will spend all his savings plus contemporaneous
income at ¢-1—rising C,.; and ECM,_ ;—when he expects higher income in
the future. However, when he gets to a corner solution (that is, when C,;
becomes equal to X, ;) C,;—and ECM, —cannot increase further in
anticipation of high future income. Consequently, at the limit, ECM,_; may
be uncorrelated with E;_ ;I,,; (k2 0).

The above analysis postulates the following function for expected
aggregate consumption change, the sum of individual E, ;AC,s:

0 E, AC, = f(ECM, }, E, 41, E, i1, 1, Ey il 42 -..).

Because of the individuals who are at a corner solution at ¢-1, E, ;AC, will
tend to be decreasing in ECM,_; and increasing in E,_jI,,; (k 2 0). Thus, in
the log-linear version of equation 7, given by equation 8 below,! Bo is
expected to be negative, while 7y, (k = 0) are expected to be positive (the
ECM’s log version is given by equation 9). Also, under the assumption that
realized consumption change differs from that expected by an unpredict-

I A first-order Taylor expansion of equation 7 around the point (0, I,.;, E, 1, E, I;..}, ...)
gives E, | AC, = fl0, I 1, Ep (I, Ey 1y, ...) + [*ECMp + XE 1] ) +
Bt 1B ) + fgX(Ep flrz-Epflig ) + - + 1y
f; denotes the partial derivative of f{.) with respect to the i argument.

With the exception of f; , all f; are expected to be positive. Next, since consump-
tion and income appear to be /(1) and co-integrated in logs, the log version of this
equation is used, as in Campbell and Mankiw (1990 and 1991).




able stochastic term, u, should be unrelated to any variables observed at -/

or before.
(8)ACt = constant + BoECM .1 + ’YOEt-IAit + ’Y]E -]Ait+1 <+ YZEt-IAit+2 + ...+ U,.
(9) ECM_]=CI_1-it_].

Further, because of the individuals who are at an interior solution at ¢-1,
ECM,_; will tend to be increasing in E, ;I,,; (k = 0) even when the ECM,_;
is uncorrelated with future income for individuals at a corner solution. As a
result, the omission of ECM,_; in equation 8 will induce a negative bias in
the regression estimates of vy, (k2 0). This bias reflects the positive rela-
tionship between future income and ECM,_; in conjunction with B ,’s nega-
tive sign, as in the typical case of omitted variables in a regression equation
analyzed in Johnston (1984, p. 260). Similarly, the omission of E, ;I,
(k 2 0) will induce a positive bias in B ,’s estimate which, as a result, can be
insignificant or even positive.2
In this theoretical model, the partial adjustment of consumption to

2 Inthe limiting case, when the ECM is uncorrelated with future income for the
individuals who are at a corner solution, the bias in aggregate data would arise
from the aggregation across all individuals. It would also arise in pooled micro
data when the individual income processes are correlated; that is, when they con-
tain a common “aggregate” component in addition to idiosyncratic ones. Of
course, if constrained and unconstrained individuals could be identified in micro
data, estimating equation 8 for the latter would produce no bias as all coefficients
would be zero. But there would be some bias for the constrained individuals only
when the ECM is correlated with future income.




expected income, driven by the binding borrowing constraint, induces the
negative relationship between Ac, and ECM,_; and the positive relationship
between Ac, and E, I, (k 2 0). Also, the forward-looking nature of con-
sumption induces the positive relationship between ECM, ; and E, j1,,,
(k 2 0). Nevertheless, the same conclusions, culminating in the same bias
for the estimated ECM coefficients, can be derived from more general
models that combine forward-looking behavior with some partial adjust-
ment mechanism. Section IIB presents such a model (adapted from David-
son and MacKinnon 1993, p. 680) whose very general structure clearly
demonstrates that the problems of erroneous inferences about ECM coeffi-
cients may be pervasive.

B. An Alternative Model

Let optimal consumption ¢, be a function of contemporaneous and
expected future income (equation 10). The coefficients p  (k 2 0) are pos-
itive, while €, is a stochastic disturbance. Because of some sort of adjust-
ment costs, people cannot set actual consumption, c,, equal to ¢,. Instead,
¢, adjusts towards ¢, as described by equation 11. (Equation 11 can also be
justified by partial adjustment to income shocks resulting from small utility
costs of deviation from the optimal consumption path, as in Caballero
1995.) The term (1-& ) measures the speed of adjustment, while e, is a sto-
chastic term.

(10) ¢ = WHUolrtp By j+ WoEd 0+ . + U pEd €,




(1) ey = (1-E )c-cpp)+e (0<1-£ <1).

Subtracting c,_; from both sides of equation 10, rearranging terms and
multiplying both sides of the resulting equation with (1-&) result in the fol-
lowing expression for equation 11:

(12) Ac, = crepp = (1-EW-(1-E )(c, iy p) + Woliviyp)
VW (Efdry 1) + Wo(Efipyp-Egipy )+ o +Wp(Efipy Bty 1) + [(1-§)€+e,]

P
= (1)1 - (1-E)cfhins) + Y WiE ity
k=0

-k
wherey, = (1 -E)L, ¥, = (1-&) 22;Oup_j(k=0,],2,...,p-1) and

A(1-E)=y,. As in equation 8, all the coefficients of the income-growth
terms, Y (0 <k < p), are positive, while the coefficient of the ECM, -(1-
€), is negative. Also, because both equations contain a constant, the
income-growth terms can be be expressed as deviations from their means
and, thus, reflect short-run income expectations.

The derivation of equation 12 illustrates the analytical foundations of
the error-correction representation. Although equation 12 departs from the
strict stochastic implications of the permanent income hypothesis, it is con-
sistent with the forward-looking nature of consumption and the empirical
regularities found in the U.S. consumption data. That is, contrary to the
PIH postulate that consumption growth should—at a first approximation—
be unpredictable, consumption growth is correlated with contemporaneous
and future income growth (Antzoulatos 1994b). Also, log consumption and




income are integrated of order one and appear to be co-integrated ( this
means that the term (c,.;-A i, ;) is stationary).

C. Short-Run Income Expectations and the Error Correction
Representation

If ¢, and i, are I(1) and co-integrated, as they appear to be, the typical single-
equation error-representation for consumption growth would be:

(13)  Ac, = A+ Ai,_ +...+0,Ai,_, 1 +8Ac, | +...
+0,Ac,_, ., +BECM,_ | +u,

The coefficient 3, which corresponds to B, in equation 8 and to -(1-
€) in equation 12, should be negative. (If not, under the assumption that
the ECM,_, is positively correlated with future income, which is confirmed
by the data, the system of consumption and income would be unstable.)
Also, the comparison of equations 8 and 12 with 13 indicates that the terms
Ai, ,, and Ac,,, (m=1...p) can be thought of as proxies of E,_ ;Ai,,, (k2 0).
If these proxies do not generate good forecasts for Ai,,; (k= 0), B will be
a positively biased estimate of By, a reflection of the ECM,_; s positive cor-
relation with E,_ ;Ai,,; (k 2 0) in conjunction with the latter’s positive cor-
relation with Ac,. This is similar to the typical case of omitted variables in a
regression equation (Johnston 1984, p. 260).

Consequently, when Ai,,, and Ac,,, (m=1...p) do not generate good
forecasts for E, jAi,,; (k20), B may appear to be insignificant or even
positive. However, the inclusion of other stationary variables that are corre-
lated with expected income growth will help reduce P ’s “bias.” Such vari-
ables, labeled here as exogenous, allow a richer specification of the
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system’s short-run dynamics and more efficient estimation without under-
mining the analytical foundations of the error-correction representation.

D. An Example
A more concrete example helps illustrate the nature of the bias, the impor-

tance of good income proxies, and the efficiency gains afforded by exoge-
nous variables which can help improve income growth forecasts. For
simplicity, but without loss of generality, let Ac, in equation 8 be a function
of ECM, ;, E, jAi; and E, jAi,,; only. Let also Ac, ECM, EAi, and EAi,,,;
denote the vectors of realizations of these variables; X the matrix with col-
umns ECM, EAi, and EAi,;; and 1y the coefficient vector Y'=(B o, Yo, ¥ 1)-

The theoretical model for consumption growth—the equivalent of 8—
is given by:

(14) Ac =Xy + u.

Next, let zj,.; and z; , ; be two proxies of expected future income, as

in equation 13. These proxies can be lagged values of income or consump-
tion growth or exogenous stationary variables. Let also the matrix Z of the
regressors in equation 13 have as columns ECM, z, and z;. The OLS coeffi-

cients §'=(B, {y, ) are:
(15) { = (22)1ZAc.

Substituting equation 14 into equation 15 gives (under the assumption
Z'u=0):

1



(16) §=(Z2'2)'ZAc = (ZZ)'Z(Xy+2) = (Z'Z)'Z'Xy
+(Z2'Z2)'Z'w = (22)'Z2Xy = Oy
The (3,3) matrix © = (Z'Z)—IZ'X has as columns the regression
coefficients of ECM, EAi, and EAi,, ; (matrix X) on ECM, zpand z;. Let ©
be
1Tt o
0= om0,
0 T, 0,

which implies the following regression equations:

amn ECM,_ | = 1ECM,_1+Oz0,,_1+Oz1,,_1;
(18) EAi, = nECM,_l+n0zo,,_1+n1zl',_l;and
19 EAi, , = mECM,_,+w0z0’,_1+w1z1,,_1 .

So, the coefficient B in equation 16, the equivalent of the ECM coeffi-
cient in the error-correction representation (equation 13), will be:

(20€) B = By+my, + @y,

Because ECM,_; and Ai, ., (k=0,1) are positively correlated, one can
reasonably assume that the coefficients © and ® in equations 18 and 19 are
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positive.3 Taking into account that vy, and 7y ; are expected to be positive,
B ’s bias and the possibility that B is insignificant or positive are increasing
in the value of ® and ®. Thus, the bias will be highest when z;, ; (i=0,1)
are unrelated to E,_;Ai,,; (k=0,1) in which case & ; and w; (i=0,1) are equal
to zero while T and o attain their highest values. In general, as the explan-
atory value of z;,; (i=0,1) for E, jAi,y (k=0,1) increases, the value of
and o (and the bias) will decrease. The bias will be totally eliminated only
when zp=E,;Ai; and z;=E,jAi,.;; in this case, Ty=w,;=1 and
T=0=T ;=0 y=0.

3 By analogy to Johnston’s (1984, pp. 81-86) analysis, the value of 7t and ® is
increasing in the correlation coefficient between ECM,_; and E, Al (k=0,1),
and decreasing in the correlation coefficients between ECM,_; and z;,.; (i=0,1)
and between E, ;Ai,,, (k=0,1) and z;,.; (i=0,1).

As a reminder, Johnston analyzes the case with three interrelated variables ¥, X,
and X in the model:

Y=PB;+BoX+ BsX;.
Let r;,, r;3 and ry; denote their simple correlation coefficients and s; (i=1,2,3)
denote their standard errors, with the subscript 1 referring to the Y variable.

Johnston shows that the estimates of [3 ; and [ 3, denoted as b, and bj, satisfy
the relationships:

P12 7 "13723%1 b = 13~ "12723 )
- 3 _————— .

2 ’ 2
1 53 5y 1 7 S3

b, =

Focusing on the first relationship, the value of b, is increasing in the correlation
coefficient between Y and X (r;,), and decreasing in the correlation coefficient
between Y and X; and between X, and X3 (r;; and rp;).

Johnston’s analysis further implies that the value of © and ® will decrease as the
explanatory value of zy and z; for E, ;Ai,,, (k=0,1) increases.
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III. Results

All series are constructed from CITIBASE data. Real per-capita consump-
tion, nondurables and services, and personal disposable income are mea-
sured in 1982 dollars. The sample is restricted to 1953:1 through 1988:4 to
hedge against the distortive impact on the income series of the Korean War
period and the revisions of the original consumption and income series
(Campbell and Mankiw 1990). Nevertheless, the results are qualitatively the
same for the whole sample period, 1947 through 1990. Also, the three-
month Treasury Bill rate, secondary market, and the growth rate of the
Composite Index of Eleven Leading Indicators and the University of Michi-
gan’s Consumer Confidence Index are used as instruments. These instru-
ments help predict the growth rate of personal disposable income despite the
fact that income growth exhibits very little autocorrelation. The critical val-
ues for the ADF tests are taken from Charemza and Deadman (1992, Tables
2 and 3). Throughout this section, the numbers in parentheses below the
estimated coefficients correspond to t-statistics, while one, two, and three
asterisks denote significance at the 10, 5, and 1 percent levels, respectively.
Table 1 summarizes the correlation coefficients between income
growth and some variables of interest. The first row indicates that Ai,
exhibits very little autocorrelation: with the exception of the third lead, all
the autocorrelation coefficients are well below 0.10. The second row con-
firms the expectation that consumption growth should be positively corre-
lated with contemporaneous and future income growth. Taken together, the
first two rows indicate that lagged values of Ai, and Ac, will generate poor
forecasts of future income growth, Ai,,; (k> 1). The third row confirms
the expectation that ECM, should be positively correlated with Ai,; (k>1).
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Finally, the last row shows that the growth rate of the Composite Index of
Eleven Leading Indicators, denoted as DL3,, is positively correlated with
Aiy i (k>1). As such, DL3, is expected to help reduce the bias of the ECM,
coefficient in the error-correction representation for consumption growth.
Further, the correlation coefficients between ECM, and Ai,;, Ac,y,
DL3,; (k=0,1,2,3,...) are below 0.2 and frequently below 0.1. These low
coefficients imply that t and ® in equations 18 and 19 will likely be posi-
tive; consequently, B will be a positively biased estimate of B, (see the

discussion in the previous footnote).

Table 1:
Correlation Coefficients
Ai, Aipy g Aip,p Aiy, 3 Aipyy
Ai, 1.000 0.055 0.012 0.158 -0.040
Ac, 0.529 0.299 0.092 0.238 0.197
ECM, 0.314 0.217 0.188 0.197
DL3, 0.288 0.134 0.245 0.157

Notes:

a) Source: CITIBASE.

b) Sample period: 1953:1 through 1988:4.

¢) Ai, Ac: growth rates, per capita personal disposable income and consumption (nondurables and
services), 1982$.

d) ECM, : residuals of co-integrating regression of c, on i, and a constant.

e) DL3, : growth rate, third month of 1" quarter, Composite Index of Eleven Leading Indicators.

15



A series of ADF tests established that ¢, and i, are I(1). The lower crit-
ical values at the 1 percent level for 100 and 150 observations are -2.70 and
-2.68 (Table 2, m=0) without intercept, and -2.90 and -2.79 (Table 3, m=0)
with intercept. The number of available observations is approximately 140.
Regressing consumption growth, Ac,, on ¢,.; and Ac,; (k=1,2) gave a t-sta-
tistic for ¢, ; of 5.13 which, obviously, is not significantly negative. The
inclusion of an intercept in the regression gave a t-statistic of -0.07 which is
not significantly negative either. Next, regressing the second difference,
AAc,, on Ac,; and AAc,; (k=1,2) resulted in a t-statistic for Ac, of -3.07
without and -5.20 with an intercept. Both are below the lower critical val-
ues at the 1 percent level. Similarly, in the regression of Ai, on i, ; and A,
k=1,2, the t-statistics of i, ; were 4.79 without and -0.29 with intercept. In
the AAi, regression, the appropriate t-statistics were -3.99 and -5.64,
respectively, which are below the lower critical values at the 1 percent
level. The stationarity tests were also conducted with three and four lags of
Ac, and Ai,. Because the conclusions regarding the order of integration for
¢, and i, are the same, only the results for k=1,2 are reported to save space.

The results of the co-integrating regression, the equivalent of equation
9 above, at the first step of Engle and Granger’s (1987) two-step estimator,
are summarized below:

¢, =-0.041 +0.912i, + v, ; R2=0.997, D.W.=0.378.
(-4.48) (209.6)

In general, the OLS estimate of i,’s coefficient is biased. However, as

16



Davidson and McKinnon (1993, p. 724) remark, the bias seems to be least
severe when the R is close to 1, as is the case here.

Regressing the change in the residuals, Av,, on v, ; and Av,; estab-
lished that the null of non-co-integration between c, and i, can be rejected
at the 5 percent level. In more detail, the t-statistic of v, ; was -3.30, while
the lower critical value for 100 and 150 observations at the 5 percent level
with one estimated parameter (Table 2, m=1) is -2.87.

To establish that the joint distribution of ¢, and i, is an error-correction
system, in the second step of Engle and Granger’s estimator, consumption
growth is regressed on v,_; and five lags of Ac, and Ai,. An F test indicated
that, with the exception of Ac,_j, all the lagged terms were jointly insignifi-
cant. More specifically, the F test for the joint hypothesis Ac, ;=Ai; =0
(k=2,3,4,5 and m=1,2,3,4,5) was F(9,139)=1.29, far below the critical val-
ues at all conventional significance levels. Proceeding with a “general to
specific” modeling approach, the more parsimonious equation is estimated
below:

Ac, = 0.005 +0.023v, ; + 0.236Ac,; ; R?=0.06, D.W.=2.02.
(6.24)*** (0.63) (2.84)***

In this equation, the estimated ECM coefficient, B =0.023, is not only insig-
nificant, but its sign is opposite of that expected. Moreover, there is strong
evidence of high-order serial correlation in the residuals. The positive coef-
ficient of Ac, ; probably reflects Ac, ;’s positive correlation with Af;;
(k=20).

To test whether the positive sign and the statistical insignificance of {3

are due to the fact that lagged values of Ac, and Ai, are poor proxies for
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future income growth, Ai, is included in the set of the regressors. (In the
spirit of equation 20, this manipulation will render 7t=0 and reduce f’s
positive bias.) The working hypothesis is that, under rational expectations,
expected income growth differs from that realized by an unpredictable sto-
chastic term (Cumby et al. 1983). Because this term is likely to be corre-
lated with the error in the error-correction representation, the new equation
should be estimated with instrumental variables (IV). In addition, since the
time aggregation of consumption may induce an MA(I) term in the error,
the instruments should be lagged at least two periods (see Campbell and
Mankiw 1990 and 1991 for details). The instruments are a constant, ¢,.p, i,
2 Tk (k=2,4), Acyoy (k=2,4) and Aipy (k=2,5). r, denotes the quarterly
average of the three-month Treasury Bill rate (secondary market), while
Act, denotes the growth rate of total consumption. Also, c,.; and i,.; are
used instead of the residuals of the co-integrating regression.

As the equation below indicates, the coefficients of ¢, ; and i, ; have
the expected sign, that is, they imply a negative B, but are insignificant,
while the coefficient of Ai, is positive and significant at the 1 percent level.
On the positive side, this model—as well as the next one—passes diagnos-
tic tests for serial correlation and autoregressive conditional heteroskedas-
ticity (ARCH) in the residuals. For parsimony, the equation does not
include Ac,_;, which is insignificant.

Ac,=-0.001 -0.059c,; +0.054i,, +0.480Ai,; R*>=0.196 D.W.=2.16.
(0.17) (-127)  (-127)  (4.59)***

More important, the inclusion of future income growth (which is
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equivalent to setting =0 in 20) makes the coefficients of ¢, ; and i, ; sig-
nificant at the 5 percent level. In addition, all coefficients have the theoreti-
cally predicted sign:4

Ac,;=-0.003 -0.093c,; +0.085i,; +0.430Ai, +0.2314i,; ; R?=0319, D.W. =188 .
(-0.80) (-2.04y%% (2.08)%*  (4.34)k** (227)%*

The results were similar for the whole sample, 1947 through 1990. The
ECM coefficient was marginally significant at the 10 percent level (t-statis-
tic -1.68) in the unrestricted equation, which included lagged values of Ac,
and Ai,. The inclusion of DL3, ; in the set of the regressors raised ECM’s
significance to the 5 percent level (t-statistic -2.1). The addition of Ac, fur-
ther raised the significance level to 1 percent (t-statistic -3.25). Also, in

4 To conform with the majority of the literature, the last two equations are also esti-
mated with OLS. As with IV estimation, f turns negative in the first equation but
is still insignificant. In the second,  becomes significant at the 5 percent level.

Ac,=0.003  -0.039v,; +0.308Ai, R*=0287, D.W.=1.90;
(7.38)%%* (-1.18)  (T.41y+*x

Ac,=0002 -0.069v,; +0311Ai, +0.169Ai,,; R*=0375 D.W.=192.
(5.0TYF** (-2.18)%* (T.96)%** (4.44)%**

Further, the inclusion of DL3,_; increases both the t-statistic of 8 and its absolute

value. This provides further evidence about the hypothesis that “exogenous” vari-
ables that can help predict income growth may help reduce the bias of the ECM
coefficient:

Ac,=-0.002 -0.077v,; +0.283Ai, +0.157Ai,,; +0.043DL3,;; R*=0410, D.W.=2.03.
(8.82)%%% (-2.48)¥** (7.21)%** (4.21)%** (2.86)%**
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accordance with the theory, the ECM coefficient kept increasing in abso-
lute value as more regressors correlated with future income were added.

Finally, an error-correction model was estimated for income. The orig-
inal model included six lags of consumption and income growth, as well as
the error-correction mechanism and the first lag of the growth rate of the
Composite Index of Eleven Leading Indicators. A series of F tests indicated
that only the first three lags of consumption growth and the error-correction
mechanism had significant predictive power for income growth. As one
might expect from the theoretical analysis and the correlation coefficients
in Table 1, the coefficient of ECM,_; was positive and significant at the 1
percent level. The ECM,_;’s coefficient positive sign provides further sup-
port for the argument that a positive B in equation 13 would indicate an
unstable system.

IV. Conclusion

This paper uses a consumption example to argue that biased error-correc-
tion coefficients may be pervasive in error-correction models that are meant
to capture behavior that is influenced in an essential way by expectations.
The paper uses a simple theoretical model to show that the ECM coefficient
in the error-correction representation of aggregate consumption will be
biased upwards if some consumers are borrowing-constrained and some
are not. If some consumers are borrowing-constrained, expected consump-
tion growth is negatively correlated with the ECM and positively correlated
with contemporaneous expectations of future income growth. Similarly, the
ECM is positively correlated with contemporaneous expectations of future
income if some consumers are not borrowing-constrained. Hence, the esti-
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mated ECM coefficient will be biased upwards if the other right-hand-side
variables in the error-correction representation for consumption are poor
proxies of future income expectations. The crucial aspects of the model are
the forward-looking nature of consumption and the partial adjustment
induced by binding borrowing constraints. Naturally, the model’s conclu-
sions can be justified by other theoretical paradigms that combine forward-
looking behavior with some partial adjustment mechanism.

The paper also demonstrates that the theoretical predictions are borne
out by U.S. data on consumption (nondurables and services) and dispos-
able income. Lagged growth rates of these two series are poor proxies of
future income growth and, presumably, of consumers’ income expecta-
tions. In the typical error-correction representation, which includes only
these (poor) proxies in the right-hand side, the ECM coefficient is positive
but insignificant. However, when better predictors of future income growth
are added to the right-hand-side, the estimated ECM coefficient eventually
turns negative and significant, as predicted by the theory.

More generally, the paper demonstrates the risks inherent in treating
the ECM as a mere statistical property of the data, without regard to the
economic forces behind it. It also holds the promise of helping to alleviate
the problems of inefficient estimation, misspecified econometric models,
and poor short-run forecasts that arise from erroneous inferences about the
estimated ECM coefficients. Given the forward-looking nature of eco-
nomic decisions and the difficulty of modeling expectations, such problems
are expected to be pervasive. Therefore, a reexamination of the evidence
seems warranted in cases where the ECM appears to be insignificant or to
have the opposite-than-expected sign.
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