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The paper begins with the question of whether Leamer's Extreme
Bounds Analysis (EBA) really does "Take the Con Out of
Econometrics”! By analytically demonstrating that the extreme
bounds are simply functions of the ¥-statistic for the deletion
of variables from a regression, we conclude that the information
provided by EBA represents no advance over that available from
traditional methods. Furthermore, there is a degree of
arbitrariness in EBA which exactly parallels the selective
reporting of regressions it was designed to supplant. The last
part of the paper attempts a positive response to its title. By
following a well defined series of modelling steps, we maintain
that Cooley and Le Roy's EBA-derived conclusions congerning the
interest elasticity of money demand owe more to a faulty
methodology than to the data.

JEL ¢lassification: 211 212

Keywords: methodology, econometrics, extreme bounds analysis,
Rayesian statistics

Michael McAleer and Adrian R Pagan
Department of Statistics

The Faculties

Australian National University
Canberra ACT 2600

Australia

Paul A Volker

Bureau of Labour Market Research
Canberra ACT

Ahustralia

* An earlier version of this paper appeared under the title
“"Straw~Man Econometrics?" as Working Paper in Economics and
Econometrics No. 097, Australian National University. It is
available on request. We would like to thank all theose who took
the trouble to comment on that version and to correct our
misunderstandings. We believe that those comments sharpened our
arguments considerably. Special thanks go to Ed Leamer, Tom
Cooley, Trevor Breusch, David Hendry, Allan Gregory, Hashem
Pesaran, Peter Schmidt and Pravin Trivedi.




NON-TECENICAL SUMMARY

For many years economists have debated what should be the proper
methodology for economics. By contrast, econometricians have not
tended tc do so, perhaps preferring to get on with the Jjob.
Generally, what debate there was merely tended to reflect the
‘classical’ versus 'Bayes' arguments in statistics. In some ways
this lack of interest was unfortunate, as there are at least
three important benefits one might anticipate as flowing from
adeoption of a methodology. First, it would provide a set of
principles to guide applied work. Second, codifying this body of
knowledge would greatly facilitate teaching. Finally, a style of
reporting that is both informative and succinct should emerge.

In the last five years interest in the methodology of
econometrics has increased, and a number of distinctive styles of
doing econometrics has emerged. TFour major ones might be
distinguished. The Bayesian stance in econometrics has long been
advocated by Arnold Zellner. Time~series approaches have been
exemplified in the work of Christopher Sims. An 'LSE'
methodology can be found primarily in the work of Denis Sargan
and David Hendry. TFinally, Edward Leamer has set out a
collection of methods that Trivedi has dubbed 'vestigial
Bayesianism'.

The first three sections of our paper are concerned with this
last methodology and how effective it is in the trinitarian role
of guide, communicator and teacher. Our main claim is that
Leamer's methodology indeed performs very poorly in the first
two roles. To substantiate that claim we examine one of the major
techniques used by those advocating this methodology: Extreme
Bounds Analysis (EBA). Essentially this technique aims to
provide extreme bounds for the parameter estimates of-a general
model under a range of possible simplifications of it. We
demonstrate analytically that these extreme values are in fact
related to conventional tests of hypotheses that particular
simplifications of the model are compatible with the data. This
methodology therefore presents in a different format the same



(ii)

information as does traditional regression analysis such as is
subsumed in the 'LSE' apprcach. But what is most disturbing is
that the technigue provides less information about a wide range
of other relevant characteristics of the model. Thus we argue
that ‘vestigial Bayesianism' is inadequate both as a guide and
communicator.

The final part of the paper looks at the besf known application

of the EBA technique - a demand for money study by Thomas Cooley
and Steven Le Roy. Qur aim is to show that the misgivings
expressed about the theory of 'vestigial Bayesianisa' also apply
to its practice. Cooley and Le Roy found that the impact of
interest rates on money demand is 'ill-determined'. We argue that
Cocley and Le Roy arrived at such a conclusion only as a result

of their adoption of this inadequate methodology.




Vhat Will Take the Con Out of Econometrics?

Michael McAleer, Adrian R. Pagan and Paul A. Volker#

More than twenty years age Caxl Christ recounted a story about a new
typist who rendered "econometrics" as "economic tricks"™. No doubt this tale
was greeted with some amusement at that time; equally without doubt, today
it would probably only occasion wry and knowing smiles. Charcing the course
of this transirtien, and accounting for its direction, has been the concern
of a number of recent articles. Perhaps the most perceptive of these has
been Edward Leamexr's (1983). His contribution is of special inrerest, as
it seeks net only to be descriptive but prescriptive; methods are outlined,
the use of which Leamer sees as essential to the restoration of confidence
in econometric research. Such techniques have now been promulgated and
applied in a number of contexts. Thomas Cooley, for example, looks ar the
impact of industry concentration upen profits; Louls Dicks-Mireaux and
Mervyn King consider the effect of pensions on savings; Thomas Cooley and
Stephen Le Roy are conmcerned with money demand. These constitute just

three of the more prominent applications.

Although the pumber of applications of the methods is growing, and
approving references are being made to them, surprisingly few have queried
the basis of the contention that the procedures really do allay some of the
suspicion greeting econometric results; a simgular exception being Phoebus
Dhrymes. Yet the claims being made for this methodology are such as to
demand a close investipgation. As witaesses to these claims we quote

Edward Leamer and Herman Leopard.



"We propose that researchers be given the task of identifying
interesting families of zlternative models and be expected to
summarize the range of inferemces which are implied by each

of the families. When a range of inferences is small enough
to be useful and when the coxrresponding family of models is
broad enough to be believable, we may conclude that these data
yield useful information. When the range of inferences is too
wide to be‘useful, and when the corresponding family of models
is so nmarrow that ir cannot credibly be reduvced, then wée must
conclude that inferences from these data are teoo fragile to

be useful. ...

...The proper test of our proposals is whether they are useful
in practice. We believe that researchers will find them to

be efficient tools for discovering the information in data
sets and for communicaring findings to the consuming publie'.

{p.306)

The aim of our paper is to consider possible answers to the question
in the title. Because of its positicn as one proposed answer,
and its strong advocacy by a number of authors, e.g. Cooley and Le Roy
(p.827), we pay particular attention to Leamer's Extreme Bounds Analysis
(EBA). In that inquiry, contained in Sections I, 1II and IIL, the dis-
cussion is structured along the lines of the three themes in the statement
above: The effect of looking at different families of models, the

determinants of a fragile inference, and the nature of the conclusions




that may be drawn from the information provided by EBA. 3Based on the
arguments of those sections, we concliude thac EBA does not go very far in
removing the con from econometrics. Furthermore, in mest instances, it
can actively distract a researcher from asking imporrant questions about
an econometric model.

But just because the promise and the performance of EBA diverge,
does not obviate the need for a merhodology aiming to dispel doubts
arising over conventiopal research presentation and analysis. Accordingly,
section IV sets out our own prescription, the basic ingredients of which are
the necessity for a clear and full disclosure of the process whereby a
preferred model was selected, and the regquirement that a thorough evaluatrion
has been made of the properties of such a specification. Such an orienta—
tion is scarcely original, reflecting in its concerns an oral tradition that
owes much to Denis Sargan's (1964) influential paper on wages and prices.
Nevertheless, it is worth explicitly stating these principles, as our
experience convinces us that, consistently applied, they can go a long way
towards the "de-comming” of econometrics. As an example of this appreach,
and to contrast our prescription with EBA, section IV re-examines the

conclusions drawn by Cooley and Le Roy from their demand for money study.



I The Problems in Families

Trying to defime "the family" nowadays is enough to give a sociologist
a nervous breakdown. To keep things simple one is inclined to assign a2 few
individuals to its core and then to gemerate a whole range of alternatives
by adding on children, grandparents, aunts, uncles, and other "relatives'.
Such a homely analogy captures rather nicely the essence of the "family of
models” mentioned by Leamer and Leonard. At their core are variables
classified as important. Added on are variables termed dowbtful. What
demarcates them is that onily the latter can be combimed in an arbitrary
Linegr fashiom. We cmphasize this definition, since much of the discussion
and use of EBA tends to proceed as if the division were based upon whether
the associated coefficients are likely to be zero or not:.1 Because this is
net $0, the decision to assign variables to their respective classifications

is not z trivial one, and it is explored in detail in section IIX.

To complete the clements of EBA, the concept of a focus variable is
neceded. This derives from the assumption that the magnitude of one of the
model coefficients is of special interest. By itself, this feature tells
us nothing about the nature of such a variable; it may be free or doubtful.
Examples of both are given by Leamer. His "bleeding heart liberal' regaxds
the impact of execution probability upon murders as doubtful, while his

"right winger" treats the same variable as free.

Proporents of EBA work with the maximum and minimum point estimates of
the focus coefficient as the set of restricrions upon the doubtful variables

is changed. If rhe gap between these values is wide, readers are generally
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informed that no reliable inference can be drawn about the influence of the
focus variable. Thus Cooley and Le Roy express the belief that almost
nothing can be 'said about the value of the interest elasticity of the demand
for money. Within one of their families of models this elasticity could
lie anywhere between -6.27 to 2.24.

Now it is a rare family that does not have a membezr with problems at
some stage 0T other. Families of models also share this characteristic,
but this is rarely mentioned by EBA advocares. Notwithstanding that, it has
to be the case that a consumer of the conclusion drawn from am application
of the methodelogy must take some notice of the nature of the model that
generated the extreme bounds. When this is done, there are at least two
situations in which inferences drawn from EBA would have to be heavily
discounted.

Firse¢ of all, the restrictions rhar are being imposed upon the doubtful
vaxiables may be entirely unacceptable. Suppese that "'(1 and 'Yz are the
parameters associated with the income and lagged dependent variable terms
in a money demand fumction, and both variables are treated as doubrful.
Then a restrictien of the form yz - Byl = {), with O negative, would offend
against theoretical conceptions. An extreme bound generated with § < 0 in
a money demand example would be of little interest and, yet, there is
nothing to safeguard against such a possibility. While Leamer himself is
aware of this problem - see Leamer (1978, p.199) - there have been few
attempts at cautloning users of EBA about it. Cooley and Le Roy do nmot
mention it at all, despite the fact that income and wealth elasticities
associated with one of the extreme bounds ¢f the 90~day Treasury bill rate
are actually negative.

Attempts have been made to limit such conflicts. Leamer (1982)
restricts the feasible parameter space by requiring an investigator to put
upper and lower limits on priox variances. It is hard to know what to make

of this "solution™, as the choilce of such limits is extremely difficult and



essentially arbitrary. One person's view of what constitutes a reasonable
bound 18 unlikely to coincide with another's, and there is always the
residual suspicion that prior varjances have been chosen to yield narrow
or tight bounds. As a satisfactory alternative to current practice it
leaves much to be desired. It re-introduces the very element of whimsy
that EBA was supposed to ameliorate.

A second alternative is to ensure that the extreme bounds do net
disagree too greatly with the sample. Cooley does this by invoking the
constraint that estimates should lie within the af confidence ellipsoid
associated with the least squares estimates of the complete model. A range
of sample-modified bounds can then be genexated by varying ¢. When ¢ = 100
the ordinary extreme bounds are found.

Once we intreduce the sample evidence to comstrain the altermative
models, we are implicitly being asked to accept 3 number of conventions

'underlying EBA (at least as presented in the literature). Namely, that the
errors in models be normally distributed, non-autocorrelated and homo-
scedastlc; that the regressors be predetermined; and finally, that sample

sizes are large encugh for "confidence intervals" to be known with accuracy.
No doubt these conmventions may be appealing, but Leamer (1983, p.38) himself
has pointed out the problem with their use: ™Though the use of conventions
does control the whimsy, it can do so ar the cost of relevance". That
principle is certainly applicable here, as the breakdown of any of these
conventions means that the "of confidence intervals" are amything but, and
exactly what comstraint is being applied becomes increasingly hazy.

These congiderations emphasize the absolute necessity to know rhe point
estimates of all coefficients in the model generating the bounds. But such
knowledge is still not sufficient to decide if we have just come across a
problem child or mot. It is perfectly possible for all point estimates to

appear reasonable, but for the model to be rejected om other grounds, such

as when it exhibits substantial serial correlation. An extreme value
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generated from such a model would net be of great interest, since an
invesrigator would not regard it as a suitable candidare for conveying
information about the focus coefficient. Without knowing the full set of
characteristics of the models generating the extremes, it is impossible to
know what weight should be placed on the latter. Mere provision of the
bounds, as in Cooley and Le Reoy for example, is not enough. Much more

information is needed to assess whether these bounds are meaningful.

II _When is an Inference Fragile?

In what has transpired so far we have been somewhat vague about exactly
how the bounds are used to conclude that an inference is fragile. If feft
that way, EBA becomes a "black box", and no understanding of the factors
leading to an inference being fragile would be available. TFor this reason,
we have gleaned two interpretations of fragility from the literature
applying EBA, each of which is sufficiently precise to enable analytical
results to be established.

The fizst of these, henceforth referred ro as Type A fragility, is
given by Leamer and Leonard as follows:

~

™ 3 s s
These extreme values, Bmin and Bmax’ delineate the ambiguity in the

inferences about B induced by the ambiguity in choice of model. I1f the
interval [éﬁn’ E ] is short in comparisca to the sampling uncertainty,
the ambiguity in the model may be comsidered izrelevant since all models
lead to essentially the same inferences.” (p.307)

With the sampling uncergainty measured as k times the estimated
standard deviation of the focus coefficient, k being a predetermined
constant, such a definition bas been adopted by Leamer and Leonard, Cooley and
Cocley and Le Roy. The first provide no guidance adbout k. Cooley selects
a value of k = 4 while the last opt for k = 2. To investigate the
consequences of adopting this definition of fragility, we provide Proposition

1 (proof available om request).



Proposition 1:

(a) When the focus variable ie doubtful, the necessary and sufficient
condition for Type A fragility to ewxist is that the chi-square
statistic for the doubtful variable coeffictents to equal their
prior means (xg) exceeds k°.

(b} VWhen the focus variable is free, the necessary condition for
Type A fragility is that xg > kz.

Proposition 1 is quite striking, as it shows tﬁat whether an inference
is to be Type A - fragile or not depends upon two quantities: pamely, the
significance of the doubtful variables in the model and the value chosen
for k. Regarding the first, its magnitude will depend crucially upon the
prior means assumed for the doubtful variables. If the prior means are taken
to be zero, whereas the OLS estimates lie a long way from that point, a large
value of xg is likely. The closer che means are to the OLS values, the
smaller will be xg, and the less the evidence of fragility. Everything
therefore depends upon the whimsy of the reporter in the choice of prior
means for doubtful variasbles! Hardly a good method for getting rid of the
con artists. Instead it gives them encrmous scope for generating almost
any result they like. In the examples of EEA usage available, only Fiebig
attempts to spell out this sensitivity of bounds to prior mean specificariom.

Proposition 1 moreover tells us sowething else of importance: That
inferences will only be fragile if doubtful variables are informative.
Agsuming for conveniemce that prior means are zero, a large value of Xg
signals to a researcher that these variables should appear in any model
from which inferences are to be drawn. From this perspective, EBA is Just
an ipefficient (and incomplete} way of commumicating to readers the fact
thatr the doubtful variables are needed to explain the daza; a better
solution would be to just present estimates of the general model along witch
an assoclated xg statistic, letting consumers of research judge whether amy

further simplification of the model is juscified.z
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The analytic results presented in Proposition 1 cam also raticnalise
the findings of a number of different investigations in which EBA has been
employed. Leamer and Leonard's nuclear reactor example treats as doubtful
these variables with t-~values all below 1.03, leading to a lack of Type A
fragility. In contrast, Cooley's profits regressions exhibit four variables
with t-statistics greater than 3.5, and three of the four alwoys appear as
doubtful variables. 1Is it any wonder then thar he concludes that Type A
fragility exists for 2 concentration/profits relationship?

Perhaps the ambiguities raised above could be dissipated by an
alternative definition of fragiliry. Leamer and Lecnard provide just that,
and we will designate it as Type B fragility in what follows. They say:
"An alternative defimition of shortness derives from a decision problem
based on §: the interval is short if all values in the interval lead te
esgsentizlly the same deecision". {(p.307, In. 1)

When implemented by Leamer (1983), Type B fragility occurs if there is
a sign change implicit in the bounds. Ignoring, as Leamer does, the fact
that these bounds themselves have standard errors, we proceed to analyse
the nature of this type of fragilitcy using Proposicion 2 (proof available
on request).

Proposicion 2
(a) When the focue variable i{s doubtful the necessary and sufficient
condition for Type B fragility to exist ic that xi > xio, where
x?o is the x2 statistic for testing if the focus cocfficient is
zero.

(b) When the focus variable iz free Lhe necescary condition for Type

B fragility is xi > xﬁo.

The movement from Type A to Type B fragility only changes the
benchmark against which the significance of the doubtful variables is
checked. It is nc longer set by thereporter but determined by the data

2
(XFO}. Furthermore, when the focus varjiable is doubtful it is always the
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case that xg exceeds X%O (ignoring siaogularities in the design matrix), and
so Type B fragility is in evidence. Whilst such a result is solely a
;Ousequence of the fact that zero is an admissible wvalue for that doubrful
varigble coefficient, it serves to emphasize how Type B fragility may

eventuate purely by a classification of variables. An example of this is

provided by Leamer (1983) in his discussion of the impact of execution on murders.

After placing the execution variable in the doubtful class, thereby producing

an opposite sign to thar from unrestricted least sduares, he concludes: "I

come away ... with the feeling that any inference from these data about the

deterrent effect of capital punishment is too fragile to be believed". (p.42)
Since the sign change did not depend in any way upon the data, we

find such a conclusion a trifle hard to defend.3

IIT  When is a Variable Doubtful?

Propositions 1 and 2 strongly suggest that the comclusions on fragility
drawn from EBA are intimately bound up with the classification of variables
as doubtful and free. The polar case where the focus variable is
orthegonal to all other regressors gives a striking demonstration of that
fact. When treated as free, the gap between the bounds is zero, as the
point estimate of the focus coefficient is entirely insensitive to
combinations of other variables. But, when treated as doubtful, the widrh
cf the bounds varies directly with xg; the more significant the focus
varizble the greater the degree of fragility inferred.

A concrete example may serve te highlight just how important this choice
can be to the outcome. Accordingly we consider the model of murder
rates set out in the April 1983 SEARCH manual (it resembles that in Leamer
(1982)). Table 1 gives the extreme bounds, range (the absolute value of
the difference between the bounds) and ratio of ramge to standard errors
for the impact of execution on murders under different variable designations.

As the definition of Type A fragility reflected the relative magnitudes of

the range and standard deviation, the last column of Table 1 containg the
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information that would be used to assess vhether inferences about the impact
of executions upon murders are fragile. Clearly the decision about which

variables are doubtful can have encrmous consequences for any conclusions.

Such variation naturally poses the question of how we are to know which one

of the four options is to be adopted? Or, when is a doubtful variable doubtful?
The answer must be that there is no answer. A decision to nominate a

variazble as doubtful is a personalised one, resting very much upon the
cpinicns and values of the nominator. Consensus is no more likely over

this choice than in the traditional selection of regressors problem.

Having elicited this point, the most serious defect in EBA becomes
transparent: Unless extreme bounds are presented for gll possible classifi-
cations of variables as deubtful apd free, an observer cammot be certain that
the selection does not conmstitute a "con job". Selectivity in regression
reporting therefore has as an eract analogue in EBA the different
classifications of variables as doubtful and free. EBA users report
results for only particular variable categories and so are as arbitrary
and selective in thelr modus operandi as the practices they criticize angd
claim to be improving onm.

We can see this effect in Table L. With nine varizbles in the
regression there are 181,440 possible doubtful/free splits. Hence,
inevitably some selection from this huge oumber will be made. Someone
intent on demeonstrating that executions deter murders would undoubtedly
quote the final classificarion (or an augmented version), while those
wishing to denigrare such a position would opt for the first two doubrful
variable choices. There seems no reason to suppose that all cof the
classificarions in Table 1 would be given by either Protagonist, any more
than one would anticipate c¢ach individual presenting the equivalent set of
regressions composed of the different types of free variables. Thus there
is little reason to believe that EBA provides a reporting style rhat is any

better than that currently practised.
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Sections I to III can now be drawn together to highlight the fact that
EBA is net a satisfactory solution te the question posed in the title of
this pal:»er.r'z5 Section I argued that the extreme bounds themselves are not
encugh to enable conclusions to be drawn regardimg fragility; we meed to
know the charactreristics of the models gemerating such bounds. Sections
11 and III demonstrated that EBA is as capable of manipulation as the
traditional presentation it aims to replace; perhaps more so in one respect
in that ap addirtional arbitrary choice of prior mean must be made.
Consequently, if one feels unhappy with the information provided by
selective regressions, one should not be any more satisfied with extreme
bounds obtained by selective variable partitions. A con—-nan in one mode

would have no fear of becoming deskilled in the other.

IV  Cooley and Le Roy's Demand for Money Function: Contrasting the
Methodologies

Given our belief that EBA canmot de-con econometrics, is there anything
that might? WNot gemerally, as there are almost certainly instances in
econometrics, just as im science, of cutright fraud. Noching will detect
such deception, except a vigorous critical rradition and a2 requirement
that utilized data be either available or easily replicable. But our
perception of the scepticism greeting many econometric studies is that it
does not arise from a high incidence of such a phenomenon. Rather it stems
from a feeling that the sins are venial rather than mortal; something has
been lefr undone that should have been done.

Now EBA clearly addressed itself to this problem by indicating, for
a given variable partition end wniverse of variables, the worst outcomes 1f
everything concelvable were dome. What it leaves undetermined is both the
process by which the partition it is condition2l upom was arrived at and the
operating characteristics of models generating the extremes. Three peints
therefore always need to be considered in assessing an EBA. In turn, these
three elements also occur in the traditional line of research and are, we

believe, the source of much of the dissatisfaction with it. Because they
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are pivotal to the methodology advanced in this section, we list them
below:

(A) Selection of a general model;

{B) How and why any general model was simplified to the

preferred one(s};

(C) Quality control of the preferred model(s).

Selection of a general model is a problem wich all research methodclogies
(including EBA) and we can do no better than concur with Leamer and Leonard
when they say: "But it is up to readers of research te decide if the reported
family of models is credibly inclusive. If the researcher, for whatever
reason, selects an incredibly parrow family of models, readers will
properly ignore the results". (p.307) -

Even if we largely agree that the choice of variables considered in
an investigation was commendably large, it is frequently the case that
litetle discussion is provided of the srrategy employed to obtain a more
parsimonious representation of the data. Where a systematic reduction is
possible it should be followed; where it is not, detail should be sufficient
to enable a consumer of the research to determine exactly the ¢riteriom
adopted in performing the simplification. At a very minimum this forces
the presentation of an estimated general model and some analysis of how the
preferred model relates to it.

Our final category focusses upon the quality contrel exercised on the
models presented. Frequently, this is little short of abysmal and, as
James Ramgey comments ... it is amazing that so little is done to evaluate
the model and the results” (p.242). Yet ultimately quality contyel is as
important for the econometriecs profession as it is for automobile
manufacturers. A graduwal realisation of this peint has in fact stimulated
the development of criteria for the formal evaluation of models. For later
reference it is useful to summarise the outcome of that research by

classifying derived methods inte five major categories:
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1. Consistency with theory.

2. Significance, both statistical and economic.

3. Indexes of inadequacy.

[ Fragility or sensitivity.

5. Whether a model can encompass or reconcile previous research.

These five categories can be viewed as a re-grouping of the criteria
suggested in David Hendry and Jean~Frangois Richard for settling upen a
"tentatively adequate” model. Categories 1 and 2 have teanded zo
dominate im past evaluative analysis and even now constitute the corpus of
mest applied econometrics courses and texts. Increasing attentien has, how—
ever, been paid to the necessity of item 3,with David Hendry (3980) giving
a general perspective and Hendry (1983) a detailed application. Robert
Engle (1982b) and Adrian Pagsn and Anthony Hall (1983) provide an account
of much of the technology, emphasizing that these methods aim to extend the
horizon in directions where errors might be anticipated. Some indexes,
such as the Durbin-Watson statistic, have been routinely used in applied
work. But, as the articles referenced above demonstrate, the set of
indexes econventionally reperted is much too small to be completely effective.

ltem 4 encompasses considerations raised by EBA. Bowever, in comtrast
to the emphasis placed by EBA upon sensitivity of point estimates to a change
in the menu of included variables, there is an older tradition of assessing
the fragility of models by reference to new data. This is done either
through predictive failure, recursive estimation, or to interaction with
other parts of a model as in simulation aralysis. Fragility as an
important criterionm for model evaluation is therefore not 2 novel idea.
Rather it is the emphasis EBA places upon variation in peint estimates of
a particular coefficient under model re-specification which is movel. Inm
fact, an EBA would seem to constitute an jmportant part of the evaluative
process. It must be 3 rare instance In which some arbitrariness does not
creep into the simplification process, particularly when working with cross

section data. The extreme bounds then provide useful information upon the
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effeects of such arbitrary decisions, at least in respect of the focus
coefficient. Such is the way we employ EBA in the following case study.

The final‘category distinguished above challenges a model to encompass
or explain alterpative models, particularly those originating from past
endeavours. Lack of reconciliation between studies is a glaring defect in
much ¢urrent applied reseawch, and this requirement, whether interpreted
formally as in Grayham Mizon and Jean—Frangois Richard, or rather more
informally as in James Davidson et al., must become an essential corper—
stone for applied ecomometric research. Only if it is met can one be truly
satisfied zhat progress has been made in understanding an empirical
phenomenon.

In order to contrast the methodology outlined above with the approach
of these viewing EBA as the cormerstone of econometric work, we will look
at the money demand function inquiry presented in Cooley and Le Roy.

This paper has been cited approvingly by a number of avthors, both for what
it said about econometrie practice and for its claim about the likely mag-
nitudes of interest elasticities. In doing our comparison we have presumed
that the study was meant to be a serious application of the EBA methodology,
rather than just illustrative. Certainly, there is support for this
hypothesis in the stress Cooley and Le Roy laid upon the conclusions drawn
from their analysis.

One fact that should by now be apparent from our assignation of EBA to
a group of metheds for model evaluation, is our belief that exclusive
attention to the results from ir can lead to quite erroneous ¢onclusions
about the robustness of parametric inferences. Such runmnel vision rends to
distraet researchers from the other vital questions needing to be asked. A
primary example would be whether the meodel upon which EBA is being prac-
ticed is comprehensive enough. ZLater it is argued that, in Cooley and

Le Roy's case, there is ample evidence of it not being so.
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For the moment we accept their formulatiom of the problem, turniug
instead to ome of the items in the list assembled earlier as bedevilling
EBA; namely, the way in which conclusions on fragility are attendant upon
the assumed doubtful/free division. Table 2 below shows how important such
selections were for Cooley and Le Roy's conclusions concerning their second
specification (Table 2, p.836).

The extreme bounds shrink dramarically whern the intercept is made a
free variable (note that Cooley and Le Roy (Table 1, £.835) do not indicate
it as doubtful ?ut the bounds of ~6.27 and 2.24 from their Table 2 only
occur when it is so treated). With a t-statistic of ~3.96 such an outcome
should not be surprising given Proposition 1 of sectiom II. Building a case
for the treatment of the intercept as doubtful rather than free would, to
our minds, be quite difficult, but the most important lesson from Table 2
is how misleading it is to give the extreme bounds for a single doubtful/
free parricion of the variables.5

Table 2 shows that any of the conclusions drawn by Cocley and Le Roy
zbout the magnitude of interest elasticities must be treated with scepricism,
even 1f the output of EBA is taken as the dominant source of informaticm on
these parameters. The wide bounds relied upon for their critique appear
to have been manufactured solely by a particular variable classification.

But the inadequacies in their work are even mere sericus than that. No
atrention was paid by them at all to the quality of the model used for EBA,
and it is therefore appropriate that we briefly review it.

In Cooley and Le Roy's specification the demand for reazl money (ML) is
held to be a function of two interest rate variables, the saviags and loan
passbook rate (RSL) and the ninety-day Treasury bill rate (RTB), real GNP
(nominal GNP divided by the GNP deflator, P), the current inflation rate
(INF), the real value of credit card tramsactions (VCC) and real wealth (W}-

They use seasonally adjusted quarterly data for the period 1952(2) to
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1978(4), and present (p.834) estimates for a log-linear specification. Our
estimates of their model are in Table 3.6

To evaluate their estimated equation it is sufficient teo note that the
most basic index of inadequacy, the Durbin-Watson statistic, is 0.063. This
is an example of the situation condemmed by Granger and Newbold in which the
Durbin~Watson statistic is markedly exceeded by the R2 and in which arises
the danger of the "spurious regression” phenomenon. It is clearly not
sensible to investigate fragility with such an inadequate medel.

From the above discussion one is entitled to be dubious of the validity
of Cooley and Le Roy's claim that the interest elasticity of the demand for
money cannot be konown with much precisien. Nevertheless, it could be
correct. Moreover, in view of the prominence of the topic in the lirerature,
and the particulaf stand taken by Cooley and Le Roy on the issue, it is
interesting to see what type of model would have evenutated, given only the
data serics used by Cooley and Le Roy as imput, Lf a proper modelling
strategy had been followed.7 That strategy involves the three stages

deseribed at the beginning of this section.
Al Seleccion of the General Model

Under the restriction on the universe of available variables, the main
direction in which genmeralizationm of Cooley and Le Roy's medel can take
place is in the order of dynamies. Given the wide use of distributed lags
in modelling money demand it seems extraordinary that the authers chese to
ignore Sims' maxim that "a time series regression medel arising in econo-
metric research ought in nearly every case to be regarded as a distributed
lag model until proven otherwise" (p.289). The omission of dymamics is even
stranger in the light of the authors' own commeats (p.840): "Such lagged
endogenous variables as the lagged money stock ... cannot plausibly be ex-
cluded from the demand side either explicitly as observable explanatory

variables for the demand for momey or implicitly through the time dependence
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of the error'.

Our general medel therefore has the same variables as Cooley and Le Roy
but with four lags on all variables (including the dependent). This lag
structure seems reascnable considering the data used are quarterly. The
period selected for study was, however, shorter than that used by Cooley and
Le Roy. John Judd and John Scadding have recently noted that a large number
of studies have experienced difficulty in estimating conventional money
demand functions for the post-1973 periocd. Not only do these models predict
poerly, but in a large number of cases such models are dynamically unstable.
Various reasons for the poor performances of the models are canvassed by
Judd and Scadding. Among them, 'the most likely cause of the observed
instability in the demand for money after 1973 is innovarion in financial
arrangements” (p.1l014), which originated from the rapid rise in inflation
during the period. 1In accordance with this view, we restricted curselves
to the sub-sample 1952(2) to 1973(4), with the first four observations used

for constructing up to four lags on all variables.8

B. Simplification of the General Model

Our first step in simplification of the general model represents an
attempt to determine the order of dynamics on each of the varizbles through
a sequence of nested tests. The procedure we use was propesed by Sargan
(1980), and has been termed the COMFAG algorithm, due to the fact that it
seeks to determine common factors in the distributed lag polynomials
associated with each variable. Briefly the logic of the wethed is as
follows.

Suppose the general model had the form

- + .. .. : )
L Yo T BV By TS T e T, e,

t
With the aid of lag operators (1) car be re-written as

(2) b(T--)Yt = c(L)xt + e
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4 4
=1~ e - = + .+
where b(L} 1 blL b&L and c(L) e, clL + caL are
polynomials in the lag operator L. If the term (1 - plL) is a common root

of both polynomials, (2) can be re-expressed as
* %
= +
(3) b (L)yt e {Dx, +u

with b(L) = (1 - p,1) b, e = (- oL (L) and (1 - pLdu_=e_ .

An examination of (3) shows that the presence of a common factor has created
a new model with maximum lag of three in Ve and x, and first order serizl
correlation (AR(1)) in the errors. As there were nine parameters in (2) and
only eight in (3), a restriction has been imposed, whose validity may be
tested. If the restriction is accepted, the model is capable of being
simplified. Moreover, if pl rurns out to be zero, the original medel must
have had both the orders in T and £ overstated.

In our general model there are six regressors apart from the intercept.
Hence, in the analogous move from (2) to (3), six restrictions are being
imposed in the first attempt at simplification. If the first common factor
is accepted, imposing the second leads te a further six restrietions, with
the equation error nmow given as AR(2), uo=pu g -+ pz“t~2 + e In this
way, each additional common factor restriction leads to six fewer estimated
coefficients. Since we have a sequence of nested tests, we set the level
of significance of each test at one percent so as te have an overall level
of significance of approximately four percent.9

there are two difficulties that can arise in using the F test to test
the common factors. First, there will generally be multiple minima for the
sums of squares (see Sargan, 1980) and, second, there is no guarantee that
the common roots in the polynomials attached to the variables are real.

In order to guard against complex roots, we test for two common factors
initially, and then test for one common factor only if two are rejected.

Thus, in testing for the first two common factors in Table &4, the
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calculated F statistic is 1.7555, the unrestricted (restricted) lag length
is 4{2) and 12 restrictions are being tested (6 associated with each common
factor).

Compared with the critical value of F(12, 48, .01) = 2.59, the calcu-
lated statistic is not significant. At this stage, then, the lag length
has been reduced from 4 te 2 and the equation error can be expressed as
AR(Z). Testing third and fourth common facters gives a value of 3.904 for
the F statistic which is significant at one percent. Therefore, the third
and fourth commen factors are rejected. Returning to the second-order lag
and testing for the third common factor only gives a value of 0.426 for the
F statistic. Since the calculated value is significantly less than 3.12,
three common factors are accepted. The model can now be expressed as one
lag on all variables, with an equariom exrror given as AR({3). The resulting
model is referred to as the "simplified" ome in Table 3.

The following observations are relevast to the simplified dynamic
specification given in Table 3. Of the four interest rates, only current
RSL is significant, and, apart from the lagged dependent variable, the only
significant lagged variable is real wealth. Moreover, current and lagged
wealth have coefficients which add to zero exactly. Neither the current nor
lagged real value of credit card transactions exerts a significant affect on
real balances. Flnally, the third common factor (93) is not significantly
different from gzero, thereby reducing the implicit lag length of the spec—
ification by one.

It is fairly clear that the model is still gqverparameterized.
Accordingly, we imposed z further eight restrictions, namely zero coef-
ficients for VCC and the lagged values of RTB, RSL, INF, GNP and VCC, a
zero sum for the wealth ccefficients and a zero value for the third commeon
factor. The calculated F statistic of 1.00l is significantly less than
F(8, 66, 0.01) = 2.8, leading to acceptance of the restrictions. Our

preferred model is therefore the last one listed in Table 3.



C. Quality Contrel: Is the Model a Lemon?

Bow does the estimated model in Table 5 stand up to the five criteria
for quality control listed ét the beginning of this section? With the
exception of the term Aant it constitutes a very traditiomal specification
of money demapnd. The presence of the change in, rather than the level of,
wealth is however consistent with theoretical considerations. If trans-
actions requirements are held comstant, ie. GNPt is fixed, the fact that
meney (M1) is an asset dominated for portfolic purposes by interest-bearing
deposits of near equal liquidity suggests that the long-term wealth effect
should be zero. In the short run though it has been frequently noted that
changes in wealth are initially held as demand deposits before re-allocation,
and the combination of Alnwt and the lagged dependent wvariable describes
such a process, the implied lag distribution being .178, -.02%9, -.025 ete.
Perhaps the only difficulery with such an interpretation is that the port-
folic re~allocation process is not faster.

Table 5 investigates whether there are any obvious "inferemtial
monsters lurking beyond the horizen", by augmenting the moments of the
preferred model with a number of variables designed to capture inadequacy.-
No striking deficiemcies are in evidence. A number of other experiments
were conducted to determine whether it was possible to reject the chosen
model by the addition of particular variables. These included a number of
lags in real GDP, RSL ete., time trends, seasonal dummies and estimation with
up to seventh order serial correlatiom pattern. None of these augmentations
was found to contribute anything of significance. A fimal point worth
mentioning is that t-statistics, made robust to heteroscedasticity as
suggested by Halbert White, were about 10 percent higher than those in Table
3. The only exception to this rule - that for inflation - was only slightly

smaller.
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A check on parameter ¢onstancy is available by examining the size of
pfediction errors made when an equation is estiwmated over a particular
sample and then used to forecast out of sampie.lo In this vein, rhe pre-
ferred model was estimated te 1970{4) and one-step prediction errors were
generated from 1971(1) to 1%73(4) by augmenting the preferred equation with
the Type B constructed variables in Adrian Pagan and Desmond Nicholls. The
"F test" that the coefficients on the twelve constructed variables were
jointly zero was 1.58, well below the eritical F{12, 62, .01} value of 2.49.
Altheough an examination of the individual errors does reveal one large error,
namely that for 1972(1), where the t-value was 2.38, the predictiom errors
for 1971-1973 were much the same as the sample errors, with an average

absolute value of .4 percent.ll

D. Are Interest Elasticities of Money Demand Zero?

As our model was of satisfactory quality to 1973(4), it is reasonable
to utilize it to shed iight on the question of whether data is uninformative
about interest elasticities, as alleged by (ooley and Le Roy.l2 Conditional
upon the structure of the final model being valid we can say that all vari-
ables in the estimated relatiomship (including both interest rates) are
highly significant, and to adopt their hypothesis of a zero interest rate
effect as an acceptable interpretation of the data would be totally
inappropriate. To be sure, thic final specification was arrived at after
a decision in which an arbitrary group of variables was dropped because of
insignificance. To assure readers that the well defined interest elastic—
ities found in our preferred model were not dependent upon this action, and
to illustrate what we believe is the place of EBA, we computed the extreme
bounds for the two long-run interest elasticities. This was done by making
the coefficients on either RSL or RTB the focus, treating all exeluded
variables as doubzful, and using the estimates of parameters on la M

t-17
In RIBt(or In RSHQ, 1n RTBt_l(or 1n RSIE_l)associated with the bounds to



obtain long-run responses. To be consistent with Cooley and Le Roy we con-
centrate upon the long~run elasticities as they summed lagged coefficients
when dyramics were admitted. These bounds were exrremely narrow, being
-.053 to -.068 (RIB} and -.400 to -.441 (RSL), indicating that the effect of
interest rates upon money demand was not sensitive to our decision to exelude

certain variables.

v Conclusions

That applied econometrics is not currently in the most robust of health
is hard to deny, and it would be difficulc to find as entertaining or as
perceptive an analysis of its ills as that found in Leamer's various articles.
What conc¢erns us is that the prescriprions made in those articles are inp-
appropriate, in part because of faulty diagnosis. Extreme bounds analysis
(EBA) is most emphatically not the medicine to cure an ailing patient.

Section I argued that extreme bounds are generated by the imposition
of highly arbitrary, amd generally unknown, restricrions betwcen the para-
meters of a model. Exactly why such bounds should be of interest therefore
becomes something of a mystery. Furthermore, as shown in sections II and
III, the methodelogy is flawed on other grounds. EBA demands a gemeral,
adequate model from which the bounds may be derived, and a consensus over
which variables are critical to a relationship. These are highly question-
able conventions and we demonstrated, both theoretically and empirically,
that deviations from them almost completely negate the utility of EBA.

After largely rejecting EBA, section IV of the paper moved on to our
own diagnosis and prescription. Both are founded on the belief rchar many
of the difficulties applied ecomometrics currently faces originate irn the
very poor attempts currently made to accurately describe the process whereby
a model was selected, and to ascertain its adequacy. Acceptance of this

proposition leads to the necessity for the establishment and promulgation of
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standards with which to conduct applied research. Many other disciplines
have faced and taken steps to solve this problem, and mevement in this
direction is long overdue Iin econometriczs. With these considerations in
mind we proposed a three stage approach to modelling, involving'thc
selection and subsequent simplification of a general model and a rigorous
evaluation of any preferred model. Under the latter heading five ways of
performing such zn evaluation were distinguished. It may net be too fanci-
ful to think of such criteria as a "check-list" to be applied when reviewing
or performing applied work. Only if a model passes most items on the list
sheuld it be seriously considered as augmenting our knewledge.

Having set up some yardsticks with which to evaluate models, section IV
applied them to the money demand example in Cocley and Le Roy. Their
specification was found to fail even rhe simplest of these criteria, making
any conclusions drawn from it highly suspect. In sharp contrast to this
failure, the application of a medeling strategy begimning with a general
acdel and progressively constraining the parzmeter space led to a represen—
tation which passed all items of the "check-list". This example highlighted
the benefit of 2 systematic approach te modelling and medel evaluation.

In closing, a confession. We are only too aware that what has been
described are the necessary rather than sufficient conditions for taking the
con out of econometrics. As any users of corporate accounts will be aware,
there are many ways around standards. But thar is not to deny their value.

It serves only to highlight the need.



- 25 =

The first two authors are at the Department of Statisties, The
Faculties, Australian National University, Canberra, A.C.T. 2600,
Australia. Volker is ﬁith the Bureau of Labour Market Research,
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Economics and Econometries No. 097, Australiam National University.

It is available on request. We would like to thank all those who took
the trouble to comment on that version and to correct our mis-under—
standings. We believe that those comments sharpened our arguments
considerably. Special thanks go to Ed Leamer, Tom Cocley, Trevor
Breusch, David Hendry, Allan Gregory, Hashem Pesaran, Peter Schmidt and

Pravin Trivedi.

Unfortunately, the terminology of "important" and "doubtful" tends to
bolster this impression. For this reason, we substituted "free" for
"important" as that captures the nature of rhese variables much more
closely. Ideally, a similar change would have been desirable for

"doubtful™.

It is of interest to specialize k to 2. When only a single doubtful
variable is present Type A fragility cccurs when the t-statistic of the
doubtful variable exceeds 2, which is a conventional rule of thumb for
selection of regressors. As the number of doubtful variables grows,
however, a constant value of k = 2 means that the comparison of xz
with 4 coxresponds to larger and larger levels of significance. Most
researchers would presumably find this implicit assumption im EBA a

little odd.




- 26 -

Note that a sign change alsc occurred when the execution variable was
free under the "eye for eye” specification. With eleven doubtful
variables, and & t-statistic of less then two for the executicn
coefficient, an application of Proposition 2(b) should leave us in

litrie doubt over why that was seo.

It is important to emphasize thar an answer to this question is our
central concern. We do mot quibble with the céntention that EBA dis-
plays the impact of prior information on posterior means. To do so
would be inconsistent with ocur Proposition 1. Nor deo we argue that,
for a given variable partition, EBA might not be useful. In sectien IV

we do, in fact, exploit it in exactly such a context.

In fact Cooley and Le Roy present a broader range of bourds than those
in Table 2, invcking the extra constraint that coefficient estimates
must lie in a specified confidence ellipseid. Those in Table 2
correspond to the 100% ellipsoid, and represent wider bounds than

most contained in theixr Table 2.

Tom Cooley kindly made their data available to us. We were able to
reproduce their results with the exceptien that the real wealth
elasticity should be -0.107 rather than +0.107, and the inflation rate
should not be in logarithms since negative rates were observed over the

gample period.

The restriction seems necessary to avoid the situation where differences
in any conclusions we¢ reach to those of Cooley and Le Roy are simply a

consequence of our using informationm not available to them.

The counterpart to Cooley and Le Roy's model over this sherter period
gives parameter estimates -2.90, -.021, -.382, -.009, ~.616, ~.01l7 and

«_052 with standard error of estimate .0083.
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To test the restrictions, we used the standard F-test givean by
F= [('&-&'8)/8'8]. W(T-K)/r], where &'¢ is the sum of squared

‘e in its unrestricted vounter—

(o]

reslduals from rhe restricted model, &'6 +
part, (T-k) is the degrees of freedom of the unrestricted model and r
is the number of restrictions to be tested. In this way some allowance

is made for the number of parameters estimated in the unrestricted model.
A more detailed analysis is available in our "Straw-man Econometrics?™.

Although our model gave satisfactory performance up to 1973, just like
automobiles age finally caught up with it, and after that date its
predictive performance declined dramatically. For the twelve quarters
afrer 1973(4), the F-test that prediction errors were zero was 5.69,

with only the errors for 1974 not being significantly different from

zero individually. The absolute error was 1.7% over this three—year
period. Thus Stephen Goldfeld's puzzle of the "missing money™ is certainly

not resolved by working with Cooley and Le Roy's data alene.

Eccompassing tests were also advocated to assess model qualiry.
These are not really pessible here given the restriction placed upon
the data set, although it is clear that our model dominates those
which exclude either of RSL or RTB, the inflation rate, wealth or
explicit dynamics. In Hendry and Richard's terminology ocur model
strongly variance - encompasses Cooley and Le Roy's as is apparent

from the standard errors of estimate in foornote 8 and Table 3.
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Table 1

Extreme Bound Informariom for Execurion Coefficient (FX)

Free Variables Min
Wone -2.87
PX - .45
PA, intercept - .50
PX, intercept, - 22

other variables
wich t > 3(§, PC,

PCTPOOR)

Range/Std. Dev.

Max Range
2.72 5.59

1.35 1.8

.10 -5

- .01 =21

115.0

37.0

10.3

4.3

Note: PC = probability of conviction, PX = probability of execution,

5 = sentence, PCTPOOR = percent poor, standard deviation of

focus coefficient = .0486.

Table 2

Extreme Bounds for Long-Term Interest Elasticity (RTB)

Free Variables

None
RTB

RTB, intercept

Min
-12.14
- 6.27

- .375

Max
12.15
2.24

.019
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Table 3
Alternative Estimates of the Money Demand Function(a)
Mo R RL o e yee &
Cooley and
Le Roy .010 -.175 -.036 .372 ~-.00% -.107
(.011) (.069) (.167) (.081) {.055) (.096)
SEE = .028 DW = .063
Simplified
Model
Lag © -.003 -.11 -.156 048 -.00% .178
(.003) (-040) {-029 (.051) (.018)  (.043)
Lag 1 .866  ~.005 .053 -.012 062 007 -.178
(.054) (.003) (-042) (.026) (.058) (.017)  (.048)
SEE = .0031 DW = 1.938 py = .306 pz = -,219 03 = .1%4
(.13 (-129) (.131)
Preferred
Model .835(C)~.009 -.074 =-.146 .128 .178
(.047)  (.002) (.021) (.026) (.027) {.041)

SEE = Q031 DW = 2.024 p. = .391 DZ = «, 301

1
(.118) {.112)

Notes: (a) All regressors except the inflation rate are in logs. Constant
term is not shown. Standard errors are in parentheses,
SEE = standard deviation of residuvals, DW = Durbin~Watson
statiscic.
(b) For the preferred regression this column is AlnW.

{c} Coeificient of lagged real momey (in logs).
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Table 4

Tests of Common Factors (83 observations)

Unrestricted

lag length
4

2

Restricted

F Critical

lag length statistic D.F. F(0.01)
2 1.755 (12,48) 2.59
0 3.904 (12,560) 2.50
1 0.426 (6,60) 3.12
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Table 5

Indexes of Adequacy for the Preferred Model

Sratistic e T Staristic Value Critical Value
RESET®) 3.27 F(2,74,.01) = 4.9
Diff. Test® 2.59 x*(8,.01) = 20.09
Normality Test'®) 1.74 v5(2,.02) = 9.21
Hetero. Test D 1.82 ¥2(1,.01) = 6.63
A.C.F. of squared (1} -.68 (3) .51 S.N.D. (.01) = 2.33
residuals ) (2) .69 (&) .36
A.C.F. of (1) 1.22 (3) 0.73 (5) 1.62 (7) 0.22
residuals (5 (2) 1.17 (4) 0.53 (6) 0.28 (8) 1.12

Notes: (a) The "F test" that the coefficients of the predictions squared
and cubed in the regression of the residuals against these
and the derivatives are zerc. Computation was done via
partitioned inversion te avoid serious numerical inaccuracy.
(b} The differencing test of Charles Plosser et al. One iteration
of Sargan's (1959) AIV estimator upon the differenced model was
performed from the estimates in Table 3. Instruments fer the
derivatives with respect to the coefficients of Mc-l and u g
were constructed as in Plosser et al. {(footnote 7).
(¢) The joint normality test of Bowman and Shenton or Anil
Bera and Carlos Jarque.
(d) “*the 1M test that ¥ = 0 in P = GZ(E(yt))‘Y where Yo is the
dependent variable of a regression. Pagan et al. (1981) derive

this LM test but it was proposed originmally as a test for

heteroscedasticity by Anscowmbe.
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The "t-sratisties" were formed by regressing the squared
residuals against their lagged wvalues. This approach was

used by Clive Granger and Allan Andersom for the detection of
non-linear medels but can also be used to check for Engle's
{1982a) ARCH effects or as a general specification error test.
Writing the model as a non-linear regression y = f(X;8) + €,
the "t-statistics” that the coefficieant of the lagged residuals

A

~
et_j are zero in the regressions of st against Et—j and

3 /28 for j = 1,...8.
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