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implementation of the HE method does not require a complex-

number matrix inversion routine. (My awareness of this point 

springs from discussions between Engle and R.A. Meyer at the 

April, 1971 meeting of the NBER-NSF Time Series and Distributed 

Lags Seminar). The HE estimator can be written 

where Sjk is an estimated cross-spectral density of Xj with 

Xk, S is the estimated spectral density of u, and S. is 
u JY 

the estimated cross-spectral density of Xj with y. With one 

seldom-used exception, methods for estimating spectral densities 

make it possible to write Sjk(w) = Yw'Rjk, where Rjk is 

vector of sample cross-correlations between Xj and Xk• 

(a) can be rewritten as 

b) [c'R. ] , where c' 
JY 

=' TT S -ly , dw • 
J u W 
-TT 

the 

Thus 

But this is exactly where C has"'-c in its two 
.7 j+l 

j'th diagonals, c
l 

in its main diagonal. 

Note, however, that it generalizes directly to estima-

tion of distributed lags on several independent variables 

jointly. See the paper by Wahba (1969). 

Some frequency-domain implementations of HI imply that 

(l/T)X'y is also consistently estimated instead of being used 

in its natural time-domain form. 

121 Econometricians don't do this many thinking 

it impossible to get reasonable results from estimating so 

many coefficients from, say, 250 months' data without constraints. 
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As I argue below, one of the things the HI method has helped 

us understand is that such estimates are feasible and useful 

in many applications. 

1§! See Cargill and Meyer (1972), p. 225, for one example 

of such claims. 

111 This applies to the standard, and most usefUl, sorts 

of restrictions. However certain usefUl types of restrictions 

which are not much applied because of the difficulty of im­

plementing them in the time domain are easier with Fourier 

methods--e.g. the requirement that the lag distribution's 

Fourier transform not show sharp peaks or dips at seasonal 

frequencies. 

1§! Of course, the asymptotic covariance matrices used 

above assume that the length of the true lag distribution 

is smaller than the length of the estimated lag distribution, 

so that there is no specification error. If the length of the 

lag distribution were known, GLS estimates using the true length 

would be more efficient than HI estimates. Even where a lag 

distribution is known to be of finite length, however, which 

finite length is the true one is often unknown. In this case, 

it will be reasonable to expand the length of the estimated 

lag distribution indefinitely as sample size increases, and 

the discussion in the text is relevant. Even more often, the 

lag distribution will not be known to be of finite length. 

It seems likely that under fairly general conditions the three 

methods, applied to finite-order approximate models whose 
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lag distributions increase in length with sample size, will be 

equivalent in this case as well; but I can offer this only as 

a "firm conjecture" at this point. 

W "Filtering" a time series by "passing it through the 

filter a", means replacing x by x*a. Filtering all dependent 

and independent variables through the same filter does not 

affect a regression relation if the independent variables are 

strictly exogenous. In applied work with seasonally adjusted 

quarterly aggregate data I have found, following an informal 

suggestion of Nerlove, that the ad hoc filter: a(s) = 1, 

-1.5, .5625, s = 0, 1, 2; a(s) = 0, s > 0 or s < 2: removes 

gross serial correlation in most cases. A more complicated 

filter might be required for monthly data, and of course 

seasonal filtering is a subject in its own right, discussed 

below. 

gQJ' Lovell (1963) does suggest degrees of freedom correc-, 

tions for regressions in which a moving seasonal has been removed 

from the data, without explicitly recognizing the asymptotic 

bias the existence of such a seasonal in the independent 

variable would produce. 

£1! Anyone doubting this ought to read the Federal Reserve 

Board publication "Adjustment for Seasonal Variation", a reprint 

from the 1941 Federal Reserve Bulletin which is still available. 

The procedures described in this article are not only non-

linear, they are not functions of the raw time series. That 

is, an element of manual curve fitting enters the procedures 

so that the results contain a subjective element. This example 
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is possibly extreme and possib~r not relevant to recently 

developed data series. 

gg; Results shown in the initial version of this paper 

did conflict with the linearity hypothesis, but correction 

of a programming error brought them back into agreement with 

the hypothesis. 

~ Continuous time white noise is a stochastic process 

such that adjacent non-overlapping averages of its values show 

no serial correlation, no matter how short an interval is 

chosen over which to average. Such processes do not have 

numerical values at points of time. 

g!V Of course a truly "unconstrained" estimate of an 

infinite lag distribution is impossible, if by that we mean 

an estimate which introduces no a priori information. By 

"unconstrained" I really mean only "very weakly constrained';, 

e.g. an estimate like the HI estimate or an OLS estimate with 

a similar number of effective degrees of freedom. In appli­

cations with many equations and/or many exogenous variables 

relative to the number of observations the HI method and its 

analogues become impractical. I would still argue that tests 

of freer vs. narrower parameterizations are usetul, but in 

such applications it becomes a matter of ,judgment which constraints 

most need testing. 

Shiller, in his comments on this paper, argues that it is 

always a matter of judgment which constraints should be tested. 

I agree, in the sense that I can imagine applications where 

long, two-sided, linear lag distributions are not the most 
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interesting "unconstrained" alternative to a more tightly 

parameterized model. However, there are so many types of 

likely specification error which can reveal themselves in long, 

two-sided estimates (misspecifications of seasonality, exo­

geneity, or expectational mechanisms, for example) that where 

such estimates are feasible they are generally desirable. 

gj/ This point may seem too obvious to need explicit 

statement. Yet we find Learner (1970) in an otherwise excellent 

paper applying a carefully reasoned Bayesian analysis to the 

purpose of sprucing up the appearance of two lag distributions 

of length five quarters, each of which is sadly disfigured 

by a strong oscillatory component, apparently statistically 

significant, or frequency ~ (period 2). Since n is a seasonal 

frequency, it seems very likely that bias due to seasonal noise 

is the main problem with the sample estimates, not any lack 

of information in the data about the lag distribution's shape. 

As explained in Section 2, prior smoothness constraints may 

easily increase the bias in this situation. The point is not 

that Leamer's procedures are worse than those of others. His 

estimates are examples; his Bayesian analysis ought to be widely 

copied where theoretical justifications for smoothness assump­

tions are available; and doubtless many econometricians would 

have fit Koyck lag distributions to Leamer's data so that the 

seasonal oscillations would never have marred their interpretations. 

I myself read Leamer's paper in 1970, but noticed the oscillatory 

pattern only on a recent rereading. The point is in fact, that 

even the best econometric work is sometimes marred by the two 
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misconceptions I am attacking. 

gy Cleveland (1972) takes an approach similar to Shiller's 

in motivation, but arrives at a somewhat different set of 

procedures. 

W See Leamer (1972b) for an explanation of how these 

flexible Bayesian methods may give non-obvious results when 

there is bonafide multicollinearity. 

gQ/ But definitely non-null. For example I have found 

that filters which eliminate gross serial correlation in quarterly 

aggregate quantity or value variables frequently leave price 

and wage variables with substantial serial correlation. 

~ Being a paraphrase in non-technical language, this 

characterization of results from the paper (l97lc) is necessarily 

inexact. 

QQ/ In as yet unpublished work they have pursued some such 

tests. 

J1I They discuss distributed lag models under the name 

"transfer function models" in Part III. 

~ That, for fixed m, each of the estimators has an 

asymptotic normal distribution with a certain covariance matrix, 

and that these asymptotic covariance matrices converge to each 

other, implies that there is some sequence of pairs m,T such 

that the limiting distribution is achieved. But the appropriate 

sequence of m,T pairs could in principle be different for each 

y and x process and an appropriate m,T sequence might not be 

available as a function of observable data. Thus, e.g., it 
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could happen that for each lower bound 6 on the spectral density 

of x, an m,T sequence could be given, but that no m,T sequence 

would apply f'or all positive 5. Since the lower bound on S 
x 

cannot be known a priori, strong smoothness conditions or the 

like on S '/lould be required to generate a rea] izable procedure. x 

Logical problems of this nature are dealt iyith by Sims (197;c). 
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