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ABSTRACT

This paper efamines several grounds for doubting the value of much
of the special attention recently devoted to unit root econo-
metrics. Unit root hypotheses are less well connected to economic
theory than is often suggested or assumed; distribution theory for
tests of other hypotheses in models containing unit roots are less
often affected by the presence of unit roots than has been widely
recognized; and the Bayesian inferential theory for dynamic models
is largely unaffected by the presence of unit roots. The paper
displays an example to show that when Bayesian probability state-
ments and classical marginal significance levels diverge as they
do for unit root models, the marginal significance levels are
misleading., The paper shows how to ecarry out Bayesian inference
when discrete weight is given bto the unit root null hypothesis in
a univariate model.
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There seen to be two interacting seeds generating the recent surge
of work on unit root inference in economeirics. One ls the idea
that the question of whether or not economic time series fit models
with unit roots is closely linked to important questions about
economic behavior. The other is the idea that the presence of unit
roots in the data greatly complicates statistical inference, making
it important to work out new, correct procedures to apply to this

case. Both these seeds are essentlally sterile ideas.

This paper begins with brief remarks on why unit roots do not
deserve to be discretely singled out on the basis of reascning
about economic behavior. Then we polnt out the implications of
recent work on the classical asymptoilc distribution theory for
unit roots models, which suggest that much of the applied work
using data which have been differenced and transformed to achieve
stationarity is misguided. Finally, the main contribution of the
paper is to peint out that when unit roots are present Bayesian and
classical approaches to inference diverge substantially. The
Bayesian procedures are simpler and more reasonable, suggesting
that inference In the presence of unit roots is not sco sharply
different from inference In stationary models as the classical

theory implies.
1. Behavioral Foundations for Unit Rooi Hypoiheses

While it Is easy to write down behavioral economic models which
imply that ARMA statistical models fit to the data generated by the
behavioral models would have unit roots, for every such model there
is another with essentially the same implications for policy and
for interpretation of hehavior in which the implied ARMA models are
stationary. Scme recent work, for example, puis forward as

"economic theory implying unit roots” models including an arbitrary



postulate that technological change, an uncbservable stochastic
process about which economic theory has nothing to say (at least in
these models), is a process with a unit root. No argument is
presented that this model is more plausible behaviorally or even
substantively very different from one in which technologlcal change
is stationary but with what Granger (1968) called the "typical
spectral shape" of an econcomic time series —-— much mores power at

low than at high frequencies.

The best known example of a behavioral theory implying unit rcots
is the efficient markets hypothesis, which in its most
straightforward form implies that asset prices are random walks.
But it has been understood since Lucas (13878) that the competitive
market mechanism dees not produce random walk asset price behavior,
and my own paper (1984) shows that the intuition behind the
efficient markets hypothesis actually applies only as an
approximation at small time intervals. The theory implies only
medels with roots close to one, and the degree of their closeness
will tend to vary across applications Iin which data are collected
at different intervals. The same sort of remarks apply to Hall’'s
{1978) random walk hypothesis Tor consumptlion. It is easy to see
that the theory implies a unit root for consumption only under
special assumptions, Iincluding constant real interest rates, and
that in a full general equilibrium consumption will at most be
random-walk-1lilke over short spans of time. Futhermore, even this
approximate conclusion depends on arbitrary separability
assunptions on dynamic utlility which are justified mainly by
algebralc convenlence and professional inertia, not by experimental

evidence or intuitive plausibllity.



2. Anomalies in Classical Inference for Unit Roots

Inference in econonmic models should not ignore the possibiliity that
the data are nonstationary, but the attempt to apply asymptotic
distribution theory allowing for nonstationarity has been in most
instances wrongheaded and unenlightening. Asymptotlc theory shows
{see Sims, Stock, and Watson (1988)) that in linear AR models with
some unit roots all linear combinatlons of coefficlients have the
same asymptotic distribution, when normalized by VT, as if the
model were estimated after transformation to stationary form with =a
priori knowledge of the location of unit roots. (Some linear
combinations have a degenerate distribution when normalized by vT;
these are the ones which would be fixed a priori in transforming
the model to stationary form.) Probably the most common source of
concern about unit roots on the part of applied econometricians is
the notion that if they do not transform a model to stationary
form, the usual distribution theory does not apply. The recent
results show that this concern is completely misplaced. The only
test statistics for which asymptotic distribution theory is simple
after transfoermation to staticnary form are those statistics which
would have a gimple asymptotic distribution theory even if the data
were not transformed. In other words, any hypothesls which can be
tested after the model is transformed, cean be tested with exactly
the same distribution theory using the untransformed model. There
is no Justification for preliminary differencing or application of
cointegration transformations in the belief that these steps are

necessary to allow use of the usual statistical tests.

This is not to deny that the asymptotic distribution theory for
multivariate models with unit roots is hard or that it may raise
unavoidable difficulties for classical inference in such models.
Simg, Stock and Watson (1987), for example, show that the

distribution theory of tests for block Granger causal priority in




autoregressive medels depends on whether unit roots are present and
where they are located in the system. But because the asymptotic
distribution theory changes discontinuously between the stationary
and unit root cases, classical hypothesis testing based on
asymptotlc theory cennot deliver reasonable procedures for

inference based on the asymptotic theory.

The central problem with classical inference in these models is
that it does not have the usual interpretation as Bayesian
inference under some disiribution of prior beliefs. This means it
will necessarily glve unreasconable signals about the relative
plausibility of various possible sets of parameter values, as we
peint out below. However there are some mechanical difficulties as
well, mainly arising out of the discontinuity of the classical

asymptotic theory.

Confidence reglons based on asymptotic theory will frequently be
disconnected because of the discontinuity in the asymptotic theory.
This is = familiar fact from existing applications of the
agymptotlic theory, once it is recognized that whenever a unit root
null hypothesis 1s accepted with the "correct" asymptotic theory
and rejected with the nalve theory the confidence region is
disconnected. That the standard stationary asymptotic theory
rejects the unit root null means that it also rejects some set of
nearby parameter settings which imply a stationary model -- for
which the stationary asymptotic theory is correct. VYet if the
point estimate of the model’s parameters is inside the stable
region of the parameter space, there is also a region of accepted
parameter values in the neighborhocd of the polnt estimate. The
confidence region therefore is in two disjoint pieces. This is not
Just 2 small sample problem if the true model does indeed contain a
unit root. 1In that case split conflidence regions will occur with

probability bounded away from zero as T w.




Consider the case of inference aboul p in the zimple univariate AR
v(t)=py(t-1}+ul(t), with {1)
u(t)~N[0,02) independent of past y

and the parameter space known to exclude true p’s above 1. If
confidence intervals are based on the usual t-statistic (even when
3>1), it is also possible to have Ltwo other types of anomaly: empty
confidence regions (when 3 is too much above 1) and confidence
regions not Including p=1 but including an interval open on the
right bounded by p=1 (which occurs because the leftward skew of the
p=1 asymptetic distribution allows easier rejection of p=1 when
B>1). In a Monte Carlo study of a univariate autoregressive model
with a sample size of 100, y{(0)=0, and p=1, one of these anomalous
cases occurred about 8% of the time in 500 trials, with 3% each in
split intervals and empty intervals and 2% in intervals open on the

right.

Besides generating confidence regions of disconcerting topology,
the disceontinuity in the asymptotlc theory encourages unreasonable
approaches to inference. In an ordinary regresslon model suppose
we entertained as hypotheses two linear restrictions on the
coefficients, R@=y and SBE=¢. Suppose also the substantively
important restriction were RB8=y and the other were one we
entertained only as a plausible possible simplification of the
model. Then if testing SB=¢ rejected even at the .15 or .10
significance level, it would seem reasonable not to impose SE=¢ in
testing RB=y. The data are indicating that Sg=¢ is unlikely, and
we do not want to distort the results of a test of RB=y by imposing
a restriction the data indicate is probably false. This raises no
difficulty because testing RB=y in the more general model is still
easy. But in a dynamic model, if SB8=¢ is a restriction implying a







