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Abstract

This paper investigates the empirical relevance of the Lucas critique.
A database is constructed of all articles in the Social Science Citation
Index that cite Lucas (1976). Those articles are characterized by the
nature of the article, the context in which Lucas (1976) is cited, and the
evidence presented on the Lucas critique. Virtually no evidence exists
that empirically substantiates the Lucas critique. Empirical refutation of
the Lucas critique by using tests of super exogeneity is illustrated with
U.K. money demand. Numerous other studies similarly refute the Lucas

critique for various empirical macro-economic relations.
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The Lucas Critique In Practice:
Theory Without Measurement

Neil R. Ericsson and John S. Irons*

1 Introduction

Lucas (1976, p. 41) proposes an explanation for why coefficients in econometric equa-
tions might be nonconstant when policy rules change.

[Gliven that the structure of an econometric model consists of optimal
decision rules of economic agents, and that optimal decision rules vary
systematically with changes in the structure of series relevant to the deci-
sion maker, it follows that any change in policy will systematically alter
the structure of econometric models.

Lucss’s critique of econometric models focuses on how parameters in policy rules may
enter parametrically into economic agents’ optimization rules. Lucas (1976) considers
examples where agents’ ezpectations of policy behavior enter into their optimization
problem, and so parameters relating to policymakers’ rules appear in the agents’
first-order conditions. In essence, the issue is whether an econometric model isolates
“invariants” of the economic process. Such invariance or autonomy is a topic with a
lengrhy and contentious history in the econometrics literature: see Haavelmo (1944)
and Frisch (1948) for early discussions, and Aldrich (1989) for an extensive historical
perspective.

Lucas (1976, pp. 22-24) motivates his critique with four observations: “frequent
and frequently important refitting of econometric relationships”; intercept adjust-
ments in forecasting; the empirically superior forecasts by models with randomly vary-
ing coefficients; and the exclusion (in modeling) of data prior to 1947, even though

*Forthcoming as Chapter 8 in Macroeconometrics: Developments, Tensions, and Prospects, Kevin
D. Hoover (ed.), Kluwer Academic Publishers. The first author is a staff economist in the Division
of International Finance, Federal Reserve Board, Washington, D.C. The second author is in the
Department of Economics at MIT and was on the staff of the Federal Reserve Board when the initial
draft of this paper was prepared. The views expressed in this paper are solely the responsibility
of th= authors and should not be interpreted as reflecting those of the Board of Governors of the
Federal Reserve System or other members of its staff. We are grateful to Cathy Tunis in the Research
Library of the Federal Reserve Board for invaluable guidance in using the Social Science Citation
Index; to Sebastian Thomas for excellent research assistance while revising the initial draft of this
pape:; and to David Bowman, Julia Campos, David DeJong, Jon Faust, David Hendry, Eric Leeper,
Jaim2 Marquez, Ed Nelson, and Jean-Frangois Richard for helpful discussions and comments. All
numerical results were obtained using Borland’s (1992) Paradox for Windows Version 1.0, Borland’s
(1995) Quattro Pro for Windows Version 5.0, and Doornik and Hendry’s (1994) PcGive Professional
Version 8.00. We are grateful to Jurgen Doornik and David Hendry for providing us with a pre-
release version of PcGive Professional.



such data should be informative. All four observations could arise from empirical
model mis-specification of the sort described by Lucas.

While Lucas’s (1976) paper has strongly influenced the course of the economics
profession for nearly two decades, surprisingly little evidence exists to support the
empirical applicability of the Lucas critique. As Fischer (1983, p. 271) noted:

It is indeed remarkable that the Lucas policy evaluation critique has tri-
umphed without any detailed empirical support beyond Lucas’s accusa-
tion that macroeconometric models in the 1960s all predicted too little
inflation for the 1970s. The general [theoretical] point made by the cri-
tique is correct and was known before it was so eloquently and forcefully
propounded by Lucas. That the point has been important empirically,
however, is something that should have been demonstrated rather than
asserted.

By constructing a database of articles citing Lucas (1976), the current paper quanti-
tatively documents the paucity of empirical evidence in favor of the Lucas critique.
Further, using tests of super exogeneity, a growing literature empirically refures the
Lucas critique for the determination of specific macro-economic variables.

Section 2 defines the Lucas critique and discusses what constitutes evidence for
and against it. Section 3 describes the methodology for constructing the database of
articles citing Lucas (1976), and the strengths and shortcomings of that methodology.
Sections 4 and 5 respectively present the empirical evidence for and against the Lucas
critique. Section 6 concludes.

2 Defining and Testing the Lucas Critique

Section 2.1 considers the general economic structure postulated by Lucas, which a
simple expectations model illustrates. The Lucas critique is empirically refutable as
well as confirmable, so Section 2.2 examines tests of the Lucas critique, and Sect:on 2.3
considers what constitutes empirical evidence for and against the Lucas critique.

2.1 The Lucas Critique Confirmed

Following Lucas, consider an economy characterized by an agent decision rule F(-)
derived from optimizing behavior and a policy reaction function G (-):

Yiy1 = F(yt’:Ehg’Et) (1)

= G(yt, Tt-1, /\,m), (2)

where y; is the endogenous variable at time ¢, z, is the “exogenous” (policy or forcing)
variable at time ¢, § and X are the parameters of F(-) and G(-), and ¢, and 7, are the
corresponding independent, identically distributed shocks. For instance, y; and z,
might be consumer expenditure and a government-supplied income supplement, F(-)
and G(-) the empirical consumption function and the rule for providing supplemnents,
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and 6 and A the respective parameters. Through agent optimization, 8 might depend
upon A, in which case changes in the latter would alter the value of the former.
Econometric models treating # as a fixed parameter would then “break down” when
policy changed ), leading to (e.g.) Lucas’s four confirmatory observations above. A
“policy” is seen as “a specification of present and future values of some components
of {z;}” [Lucas (1976, p. 21)], so policy can be interpreted quite broadly to include
tax law, a meteor striking the earth, and the oil prices set by OPEC inter alia. This
broad interpretation of policy is central to the empirical analysis of super exogeneity
in Section 5 below.

Lucas has models with forward-looking expectations explicitly in mind, and the
follewing example illustrates how such expectations create difficulty for conditional
ecor.ometric models. Suppose (1) and (2) are:

Yer1 = YE(xeq1| Ly) + & (3)

Ty = ATyq + Mg,y (4)

where 7 is a “deep structural parameter” related to utility optimization, £(-) is the
expectations operator, and Z; is the information available to the agents at time t
(when they decide on y;41). For Z, = x;, then &(x,41]Z;) = Az from (4), so (3)
becomes:

Yiv1 = 0z + &4, (5)

where 6 = §()\) = vA. If the econometrician estimates 8 via (5), ignoring the depen-
dence of § on A, then policy simulations based on (5) for alternative paths of {z;}
(and so for alternative values of \) will give misleading results. The estimated value

of §. which is used in simulation of (5), need not be the value implied by the agents’
rule (3).

2.2 The Lucas Critique Refuted

Whether the Lucas critique applies for a specific economic relationship is thus an
emgirical issue. Specifically, two related properties of 8 are of concern: its constancy
(or lack thereof) as A changes, and its invariance to (or dependence on) A.! As
suggested by Gordon (1976, pp. 48-49) and Neftci and Sargent (1978) and developed
by Hendry (1988), Favero and Hendry (1992), and Engle and Hendry (1993), these
properties provide two approaches to testing the Lucas critique.

(i) Test for the constancy of 8 in (1) and of A in (2). If # is constant but ) is not, 6
is invariant to A and so the Lucas critique could not apply. The Lucas critique
could generate the three other combinations of constancy and nonconstancy

1Constancy need not imply invariance, nor invariance constancy. A parameter may be time-
varying, yet still be invariant to policy interventions. Equally, a parameter may lack invariance, yet

be constant because policy has remained unchanged over the sample.



for § and X, but those combinations also could arise from other sorts of mis-
specification.

(i) Develop (2) until it is empirically constant. For instance, by adding dummies
and/or other variables, model the way in which X varies over time. Then test for
the significance of those dummies and/or other variables in (1). Their insignif-
icance in (1) demonstrates the invariance of 8 to ), whereas their significance
shows the dependence of 6 on .

The invariance of # to A implies the super exogeneity of z,, provided that the para-
meters of interest to the investigator can be retrieved from @ alone.? The emrpirical
presence of super exogeneity refutes the Lucas critique in practice. Under super
exogeneity, models like (3)-(4) could not explain why # remained constant while \
changed, and so could not be an adequate explanation of the data. Put somewhat
differently, the Lucas critique as a possibility theorem is not empirically refitable;
but, through that theorem, its assumptions have testable implications. Empirical
refutation of those implications invalidates the applicability of the Lucas critique in
practice.

While tests for super exogeneity have been developed only relatively recently, sev-
eral papers have found super exogeneity empirically. Hendry (1988), Hendry and
Ericsson (1991a, 1991b), Favero and Hendry (1992), Baba, Hendry, and Starr (1992),
and Engle and Hendry (1993) provide evidence of super exogeneity for U.S. and U.K.
money demand functions. Brodin and Nymoen (1992) and the papers in Ericsson
(1992a) inter alioc demonstrate super exogeneity in a range of macro-economic rela-
tions across developed and developing countries; see also Ericsson and Irons (1994).
Section 5 below systematically discusses the empirical evidence on super exogeneity.

2.3 The Interpretation of Empirical Evidence

Several remarks are in order concerning tests of the Lucas critique. Specifically,
clarification of what does and does not constitute empirical evidence on the Lucas
critique is critical, since many of the articles in the literature survey below present
evidence that is uninformative on the empirical applicability of the Lucas critique.

First, the empirical observations motivating Lucas’s critique could arise from more
mundane causes, such as dynamic mis-specification, omitted variables, and incorrect
functional form. Because those causes cannot be precluded a priori, nonconstancy of
conditional models and vector autoregressions is uninformative about the Lucas cri-
tique. Such nonconstancy could arise from the Lucas critique applying. Equally, non-
constancy could arise from (e.g.) an omitted variable bias, where that bias depended

on a correlation with a policy variable and so would change when the associated policy
rule changed.

2Loosely speaking, z, is super exogenous for 8 in (1) if the parameters of interest can be retrieved
from 6 alone and if # does not depend on A or on the range of A. See Engle, Hendry, and Richard
(1983) for a precise definition of super exogeneity.
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Second, estimation of an expectations-based model is not evidence in itself for or
against the Lucas critique, even if the implied cross-equation restrictions hold. The
parameterization of a conditional-marginal representation could be such that those
restrictions hold as well.

Third, and relatedly, modeling of expectations does not necessarily resolve the
Lucas critique, even when the Lucas critique applies. If expectations are improp-
erly modeled, policy analysis with the corresponding mis-specification of (1)—(2) may
well result in inaccurate and biased simulations. McCallum (1989, p. 230), a strong
proponent of rational expectations models, emphasizes this point.

[U]sing models based on explicit optimization analysis of individual agents’
choices . .. can provide no guarantee of success; explicit optimization ana-
lysis will not help if the agent’s objective function or constraints are mis-
specified. The true message of the Lucas critique is simply that the analyst
must be as careful as possible to avoid the use of equations that will tend,
for plausible reasons, to shift with policy changes.

To establish the empirical applicability of the Lucas critique, a researcher would
require demonstrating that alternative explanations for the failure of a conditional
moclel did not apply. Equally, the proposed expectations-based model would need
to explain the data adequately, i.e., be empirically congruent in the sense of Hendry
and Richard (1982). For system-based expectational models, empirical congruence is
required for (2) as well as (1): in particular, the changes in policy regime must be
mocleled. This contrasts with much of the empirical literature on rational expecta-
tions, where models are estimated assuming that ) is constant even though the Lucas
critique assumes that A is not.

FFourth, Sims’s (1987) modification of Lucas’s framework does not appear em-
pirically relevant for a wide range of relationships examined through the literature
searches in Sections 3-5 or for the empirical example in Section 5. Noting a po-
tential logical inconsistency in Lucas’s framework, Sims proposes allowing A to be
time-varying, with its distribution depending upon some fixed meta-parameter. That
implies that z; and y; are ergodic, coming from a distribution with constant para-
meters. Such a model is at odds with the observed nonconstancy of many empirical
equations; cf. Judd and Scadding (1982) on money demand alone. Also, the potential
logical inconsistency may vanish in the presence of information costs, as implied by
Cochrane’s (1989) analysis and Section 5.5 below.

I7ifth, if the Lucas critique is empirically refuted by tests (i) or (ii), the refutation
is generic in the sense that a whole class of expectations-based models is inconsistent
with the data evidence. This class includes typical rational expectations models, and
also a wide variety of expectations-based models where the information available to
agents is limited or incomplete. Conceptually, generic rather than specific refutation
is feasible because the null hypothesis associated with (i) and (ii) excludes expecta-



tional models. If expectational models belonged to the null hypothesis and :he null
was rejected, only specific refutation could occur: other expectational models might
belong to the alternative hypothesis. Hendry (1988), Ericsson and Hendry (1989),
and Favero and Hendry (1992) provide further theoretical discussion; and Section 5
illustrates generic refutation with an empirically constant model of money demand.

Sixth, empirical refutation of the Lucas critique is specific to the economic relation
and the class of changes in A being considered. For instance, # may be invariant to a
temporary income supplement but not to a permanent one; the cause and magnitude
of the supplement may affect invariance; and invariance may apply in one country
but not another. For tests (i) and (ii), the changes of A occurring in sample may or
may not belong to the same class of changes as do the policy simulations of interest
to the economist. Resolution of this issue rests in part on determining the nature of
the changes to A in sample, which often entails a more detailed modeling of the policy
reaction rule (2).

Seventh, and surprisingly, test (i) does not require a full specification of the pol-
icy reaction function (2) to refute the Lucas critique empirically. Details appear in
Hendry (1988).

Eighth, super exogeneity can identify 6 by establishing its uniqueness through its
invariance with respect to A. This parallels the classical identification of parameters
in a demand function when the demand curve remains fixed in the presence of a
shifting supply curve.

Finally, every test of the Lucas critique is subject to the usual caveat of having
Type I and Type II errors for the associated hypotheses. Cuthbertson (1991) notes
this caveat for (i), but it applies equally to (ii) and to tests used to confirm the Lucas
critique.

In summary, the Lucas critique provides one of several possible explanations for
the less-than-satisfactory performance over the last two decades of many macro-
econometric models. If the Lucas critique applies, it has ramifications for policy simu-
lations with such models. If economic agents base their decisions on forward-looking
expectations and empirical models fail to account for that, then those models will
mis-predict when policies change and so will generate misleading policy simulations.
The Lucas critique is empirically testable, being both confirmable and refutatle.

3 Methodology and the Data

To assess the empirical importance of the Lucas critique, we searched the So-
cial Science Citation Index (SSCI) for articles citing Lucas (1976) and examined the
empirical evidence in those articles. This section summarizes how the literature on
the Lucas critique was assembled (Section 3.1) and what the shortcomings of that
assemblage are (Section 3.2).



3.1 The Literature Defined

"This subsection discusses the construction of a database on the literature about
the Lucas critique. The interest is in obtaining as complete a list as possible of
articles discussing the Lucas critique, and in categorizing that literature according to
various characteristics. The Social Science Citation Index (SSCI) allows searches for
occurrences of a particular article as a reference in another article. So, we searched
the SSCI for all articles published during 1976-1990 that included Lucas (1976) in
thei list of references.® The resulting citations were obtained in a computer-readable
form and formatted as a database in Borland’s (1992) Paradox for Windows. For
each citing article, the initial database included the author(s), date of publication,
title, journal, journal volume and number, and page numbers.

In total, 590 articles cite Lucas (1976). We were able to obtain copies of over
96% of those articles. Of those obtained, 56 are treated as “bad cites” because they
do rot cite Lucas (1976) in the text of the article, do not cite Lucas (1976) in the
bibliography, are not in English, or are not journal articles. Table 1 details the
breakdown. This filtering results in 513 articles available with “good cites” to Lucas
(1976).

"The articles were read and analyzed; and additional information about the articles
was added to the database, as described in Table 2. A complete listing of the infor-
mation on the articles appears in Table A4 of the Appendix. Briefly, the articles were
categorized according to the nature of the article, the context of the article’s citation
to Lucas (1976), the author’s view on whether or not the article’s evidence confirmed
the Lucas critique, and the sorts of evidence presented on the Lucas critique. These
categorizations require some additional explanation.

1. The nature of an article is either theoretical, empirical, mixed (both theoretical
and empirical), or “other” (book review, survey, or interview). Many articles
develop a theory model and illustrate it with an empirical application. Depend-
ing upon the originality of the theory and the substantiveness of the empirical
application, such an article could be considered theoretical, mixed, or empirical.

2. The context of the cite to Lucas (1976) is either tangential, postulated, or
substantial. Numerous articles mention the Lucas critique only in passing and
are thus considered “tangential”. In these articles, Lucas (1976) typically is
referenced only in a footnote, in a sentence about previous work in the field, or
as a reference for a topic not examined in the paper. In these papers, the Lucas
critique does not enter into the discussion substantively, and little is learned

3Gearching the SSCI is not entirely straightforward, especially for Lucas (1976). The article whose
citation is to be searched is indexed by author, year, and journal; and there is little consensus on the
proper citation of Lucas (1976) or the proper way to index the cite. Sample indexes include “Phillips
Curve Labor” with 117 entries; “V1, P19, Carnegie-Rochester C...” with 63; “J Monetary Ec S” with
21; and dozens more with various permutations, (mis)spellings, hyphenations, and abbreviations.



TABLE 1.
Availability, Status, and Nature of the Articles
from the SSCI Search on Lucas (1976)

Articles available

Good cites
Empirical 143
Mixed 147
Theoretical 135
Other 88
Sub-total o913
Bad cites
Lucas (1976) not cited in the text 24
Lucas (1976) not listed in the bibliography 8
Article not in English 19
Book b
Sub-total 56
Sub-total £69
Articles not available 21
All articles in the SSCI search 990

about the empirical relevance of the Lucas critique.

Articles categorized as “postulated” typically discuss the Lucas critique in
the context of the topic at hand (or of a closely related issue), but they fail
to examine the critique itself or its implications in the current context. They
recognize the potential importance of the critique as it relates to the topic, but
do little more than mention that fact. The postulated category also includes
articles that motivate their approach by citing the Lucas critique, but that
never directly deal with the critique. Many articles cite the Lucas critique
to justify estimating a rational expectations model but do not comparz that
model’s performance with other sorts of models. Hansen and Sargent (1980) is
an example in the “postulated” category.

Articles with “substantial” cites to the Lucas critique not only raise the issue
of the Lucas critique, but attempt to assess its implications and/or validity in
the context of the paper. Typically, two or three citations of Lucas (1976)
are sufficient to categorize a paper as postulated or substantial rather than as



TABLE 2.
Information Compiled on Articles Citing Lucas (1976)

Information from the SSCI

Author(s) of the article.
Date of publication.
Title of the article.

Journal.

Journal volume and number.

Page numbers of the article.

Information added to the above for “good” articles

. Nature of the article:

theoretical, empirical, mixed (both theoretical and empirical),
other (book review, survey, interview).

. Context of the citation of Lucas (1976):

tangential, postulated, substantial.

. Author’s view on whether or not the article’s evidence
confirms the Lucas critique:

yes, no, maybe, assumed, warning, not applicable.

. The type of the model(s) estimated:

conditional, expectational, both.

. Is the estimated model empirically constant?

Yes, no, maybe, not applicable/no test calculated.

. Are the rational expectations cross-equation restrictions
statistically acceptable?

Yes, no, maybe, not applicable/no test calculated.

. Are residual-based tests statistically acceptable?

Yes, no, maybe, not applicable/no test calculated.




tangential.

3. The author’s views on the applicability of the Lucas critique are categorized as
yes, maybe, no, assumed, warning, or not applicable (“NA”). We have tried to
preserve the author’s own views, as presented in the paper, regardless of the
validity or type of test employed. If the author believes that the Lucas critique
is empirically relevant, given the evidence presented (whatever that evidence
might be), then the article is categorized as “yes”. The “yes” and “assumed”
categories are sometimes only subtly different. If the author presents any type of
evidence, including past cites, the paper is categorized as “yes”. If no evidence
is presented, yet it is clear that the author thinks the critique is relevant, the
paper is classified as “assumed”. Some authors take no view on the applicability
of the Lucas critique (“NA”), or merely cite Lucas (1976) as a “warning” to
modelers.

4. The type of the estimated model is either conditional (as in (5)) or expectational
(as in (3)). In some instances, both types of models are estimated.

9-7. The next three categorizations concern the sorts of empirical evidenze pre-
sented on the Lucas critique and the results obtained. Evidence includes tests of
parameter constancy, cross-equation restrictions for rational expectations mod-
els, and the residuals’ properties. Results are classified as yes, maybe, r.o, and
not applicable, the last including situations where no test is calculated.

With the augmented database, tabulation by one or more types of classification can
shed light on the empirical evidence on the Lucas critique.? Before doing so in Sec-
tion 4, various shortcomings of the methodology and the data are examined.

3.2 Shortcomings of the Methodology and Data

‘The methodology for gathering and constructing the data is closely related to the
data themselves, so shortcomings of the methodology and of the data are considered
together. Shortcomings include possible sample selection bias in the SSCI search and
in our use of the SSCI search, and fuzziness in categorization.

The SSCI search itself entails sample selection of several sorts. First, the issue of
the “Lucas critique” may appear in an article without Lucas ever being mentioned.
Because the Lucas critique was widely discussed well prior to Lucas’s own formulation
(as in Haavelmo (1944)), relevant articles prior to 1976 are excluded. Secord, the
Lucas critique may be mentioned explicitly in the text, but Lucas (1976) may not
appear in the references. In many circles, “Lucas critique” is a househol¢ word

4Some additional information on the articles was gathered but is left for future analysis. For
each article, the SSCI provides the author’s affiliation; and we established the pages on which Lucas
(1976) is cited, the article’s primary and secondary JEL numbers, whether or not Lucas (1976)
motivates the article, whether or not Lucas (1976) is cited in the context of policy analysis, and
whether or not the article is about policy.
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and citation to the paper itself may be missing. Third, the SSCI excludes some
publications citing Lucas (1976), such as books and articles appearing in books.

For the first two sources of sample selection, the sins of omission are no doubt
great although the direction of bias is unclear. Correcting for those omissions is simply
beyond the scope of this paper and the current technology for citation searches. The
third source is considered immediately below in conjunction with sample selection in
our use of the SSCI.

As implied by Table 1, our use of the SSCI entails additional sample selection,
which may bias our findings. Most but not all of the articles from the SSCI search
were obtained: 569 out of 590. The 21 articles “not available” either were not in
the libraries accessible to us or were not available in a reasonable amount of time.
However, all articles citing Lucas (1976) and appearing in the 130 most cited economic
journals are “available”.> The articles “not available” are in journals very infrequently
cited by the economics profession, e.g., Potato Research and Transportation Research
Part B (Methodological). Fifty-six of the available articles are “bad” because (e.g.)
they list Lucas (1976) in their references but do not cite Lucas in the body of the
paper. The remaining 513 articles are considered “good”. Tables A1, A2, and A3 (in
the Appendix) respectively list the numbers of good, bad, and unavailable articles by
journal. In short, the percentage of articles available is very high, and the articles
obtained reflect the core of published economic research.

Categorization is an issue with some articles. In particular, both the nature of
the article and the context of the cite to Lucas (1976) can be difficult to decide, e.g.,
as in classifying an article as tangential or postulated. Some fuzziness may exist at
the edges of the associated types, but overall this does not appear to be a substantial
problem.

4 Empirical Evidence in Favor of the Lucas Critique

This section summarizes the statistical characteristics of the citation database
and examines it for empirical evidence in favor of the Lucas critique (Section 4.1).
Surprisingly little evidence exists that substantiates the Lucas critique in practice, so
Section 4.2 considers reasons for that lack of evidence.

4.1 The Evidence

The citation database allows sorting of articles according to a given characteristic
or characteristics. By eliminating articles that are empirically uninformative on the
Lucas critique, the articles remaining provide the essence of evidence on the Lucas
critique. That evidence is weak at best and nonexistent at worst.

The frequency of journal citation is taken from Laband and Piette’s (1994, Table A2) ranking
based on impact-adjusted citations per character for 1990 citations to articles published in 1985-1989.
Their other rankings make little difference to the distribution between available and unavailable
articles for citations to Lucas (1976) occurring in frequently cited journals.
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FIGURE 1. Yearly number of citations to Lucas (1976), by availability.

To start, consider some basic time series properties of the citations. Figure 1 plots
the total number of SSCI citations by year, broken down into the categories gooc., bad,
and not available. The growth of new citations is dramatic in the late 1970s, with the
frequency of citation remaining relatively constant throughout the 1980s. Figures 2,
3, and 4 decompose the good cites by the nature of the article, the context of the
citation, and the view of the author respectively. While citations are dominated by
empirically oriented papers, remarkably few are “substantial”. Lucas (1976) is often
cited without any view towards the empirical relevance of the Lucas critique (“NA”
in Figure 4), with smaller numbers of cites confirming the Lucas critique. Only
six articles prior to 1980 simply assumed that the Lucas critique applied in practice,
whereas in the mid-1980s more articles assumed it than provided evidence in its favor.

Table 3 tabulates the joint distribution of cites across the nature of the article,
the context of the cite, and the view of the author. While this ignores the time
structure in Figures 2-4, Table 3 provides the basis for winnowing the citations. Of
the 513 good citations, 327 are tangential and 98 are postulated. Of the remaining 88
substantial citations, 29 are purely theoretical and 5 are surveys or the like, leaving
94 empirical or mixed articles that cite Lucas (1976) in a substantive context. Of
those, only 43 find any evidence for the Lucas critique: less than 10% of the total
citations.
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FIGURE 3. Yearly number of citations to Lucas (1976), by context of the
citation.
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TABLE 3.

Author’s View on the Empirical Applicability of the Lucas Critique:

By Nature of the Article and Context of the Cite

Context of the Cite

Nature of the Article

Author’s View Empirical Mixed Theoretical Other Total
Substantial
Yes 19 10 13 42
Maybe 9 ) ) 19
No 4 6 1 11
Assumed 8 1 9
Warning 1 1 2
NA 3 2 5
Sub-total 32 22 29 5 88
Postulated
Yes 3 8 7 2 20
Maybe ) 4 2 6 17
No 1 1 1 3
Assumed 7 17 12 4 40
Warning 4 2 2 8
NA 2 1 7 10
Sub-total 22 32 22 22 98
Tangential
Yes 7 10 1 18
Maybe 8 7 6 ) 26
No 5 5 1 11
Assumed 6 11 9 26
Warning 30 24 9 19 82
NA 33 36 58 37 164
Sub-total 89 93 84 61 327
Total 143 147 135 88 513
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TABLE 4.
Empirical Evidence Presented For the Lucas Critique:
By Nature of the Article and Type of Evidence

Nature of the Article

Empirical Mixed
Evidence Yes Maybe Yes Maybe Total
Nonconstancy
Conditional model 8 3 4 3 18
Reduced form or VAR 1 2 1 1 )
Rational expectations model 1 1 2
Noninvariance
Conditional model 0
Reduced form or VAR 2 2
Rational expectations model 0
Prediction or simulation 1 1 2
Survey data 5 1 1 7
Cross-equation restrictions 2 1 2 )
Constant rational expectations model 1 1 2
and nonconstant alternative model
Total 19 9 10 5 V 43

Note: Articles included above make a substantial cite to Lucas (1976), are either empirical
or mixed, and have an author’s view of yes or maybe.
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Table 4 lists the types of empirical evidence on the Lucas critique provided by
those 43 citations. Each category of evidence and its informativeness on the Lucas
critique is now considered.

Eighteen articles show the nonconstancy of a conditional model and five that of a
vector autoregression (VAR) or reduced form. As such, this evidence on nonconstancy
is uninformative about the empirical validity of the Lucas critique. For instance, a
vector autoregression may be nonconstant even while a factorization of the associated
joint density of the data may have a constant-parameter conditional equation. The
VAR of z; and y; from (4)—(5) could be nonconstant due to changes in ) even if 6 is
constant and is invariant to A. Likewise, the nonconstancy of a particular conditional
modal does not preclude some other conditional model from being constant. In the
previous example, a regression of y; on ;_s would obtain a nonconstant, noninvariant
coefficient on z,_; (due to dynamic mis-specification) even though (5) is constant.
Simply put, the observed nonconstancy may arise from mis-specification other than
one involving expectations. Two additional articles show nonconstancy of estimated
expectational models, which is certainly not evidence for the Lucas critique.

‘Two articles find noninvariance of a reduced form or VAR. For the same reasons
as w:th nonconstancy, this evidence is uninformative about the Lucas critique.

"T'wo articles compare prediction and/or simulation properties of conditional and
expectations-based models, concluding that the latter are favored in terms of measures
such as mean square forecast error. While this evidence is against the particular condi-
tional models examined, it in no way validates the expectations-based models. In any
comparison of forecasts, all the models examined might be mis-specified and yet one
would have the smallest mean square forecast error. Additionally, if strong exogeneity
is invalidly assumed, the models’ ranking from multi-step ahead forecast criteria could
be affected, even if the equation of interest is correctly specified in one of the models;
see Hendry and Richard (1982). Finally, by constructing forecast-encompassing tests,
the forecasts themselves could be informative about mis-specification. See Chong and
Hencry (1986), who develop the first such tests, and Ericsson (1992b), who clarifies
the information content of mean square forecast errors.

Seven articles use survey data, either to proxy expectations in determining agent
behavior or to be modeled itself. Characterizing articles in the first category, Peek
and Wilcox (1987) construct an empirically constant model for the determination of
U.S. interest rates over 1952-1984. Their model contains expected prices, which are
calculated from the Livingston survey data on inflation expectations, and allows for
the effects of changing monetary regimes. While constancy of the model using the
expectations data is of economic interest, it does not confirm or disprove the Lucas
critique. Rather, its constancy shows the econometric value of the survey data. The
measured expectations could be adaptive rather than forward-looking, or could be
derivad from a data-based (rather than model-based) predictor. Articles modeling
the survey data itself provide no information on the Lucas critique, since inter alia
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the importance of the measured expectations in agents’ decisions is not shown.

Five articles corroborate the Lucas critique by finding statistically acceptable
cross-equation restrictions in expectational models. As noted in Section 2.3, those
restrictions could be satisfied by a conditional-marginal representation as well.

Each of the final two articles finds an empirically constant expectations model
and (on the same data) an empirically nonconstant alternative model. This evidence
on the Lucas critique appears more fruitful, so these articles are considered in greater
detail.

One of the articles [McNelis and Neftci (1982)] examines two output supply models
for the United States over 1954-1978, one being a conditional equation subsequently
published in Fair (1984, p. 132) and the other being Sargent’s (1976) “supply-side
alternative” involving expectations in prices. The models are estimated with the
Kalman filter, allowing for time-varying coefficients, similar to the recursive estima-
tion procedure employed in Section 5. The estimated parameters of Sargent's equa-
tion appear “somewhat more stable over time” (p. 305) than those in Fair’s equation.
While suggestive, these results can only be taken as tentative. First, both models
show some apparent nonconstancy, although no formal tests of constancy arz calcu-
lated, partly from the (then) scarcity of good econometric techniques for doing so.
Much better tests are now available; cf. Hoffman and Pagan (1989), Ghysels and Hall
(1990), Hansen (1992), and Dufour and Ghysels (1996). Second, the coefficient on
unanticipated price changes in Sargent’s model is statistically insignificant for virtu-
ally all subsamples and only becomes (barely) significant at the 95% level at the very
end of the sample. The unanticipated price change is the only expectational variable
in Sargent’s model, so the role of expectations in obtaining constancy in Sargent’s
model is questionable. Finally, Sargent’s model would need to be subjected to the
standard battery of diagnostic tests over an extended dataset to establish its erapirical
viability.

The other article [LaHaye (1985)] accounts for expectations of currency reform
in Cagan’s model of money demand, using data from hyperinflationary periods in
Germany, Poland, and Greece. For all three countries, Cagan’s model is empirically
constant if expectations of currency reform are incorporated; and for Germany and
Greece, the model is nonconstant if those expectations are excluded from it. With
expectations of currency reform included, LaHaye’s algorithm for estimating Cagan’s
model in effect treats the date of reform as known (pp. 548-550). Such knowledge
may or may not have been available to agents prior to the reform. In any case, a
constant expectational model does not necessarily preclude a conditional moclel that
is constant also; see Hendry (1988) and Ericsson and Hendry (1989).

In summary, the vast majority of articles citing Lucas (1976) are not concerned
with testing the Lucas critique per se. Those that are provide scant evidence for its
empirical basis.
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4.2 Understanding the Lack of Evidence

In order to understand the lack of empirical evidence for the Lucas critique, it
is useful to summarize how authors have dealt with the critique. Three approaches
dom:nate.

In the first, the Lucas critique is ignored, or claims are made that it is of little
significance to the problem at hand. For example, many authors argue that, despite
the theoretical complications of the Lucas critique, their policy or counterfactual
simulations are valid because the policy experiments fall within the range of historical
experience and thus do not constitute a regime change. Other authors warn that the
results of their policy simulations are not strictly interpretable because of the Lucas
criticue, but then proceed to calculate and discuss these results, ignoring the Lucas
critique. Still others find empirically constant conditional models and thus conclude
that the Lucas critique must not be a problem, albeit without checking for changes
in the marginal process or determining what those changes are.

Ir. the second approach, the author acknowledges that the Lucas critique may
apply. It is then circumvented by avoiding periods of structural change or by includ-
ing dummies; or the empirical results are used for another purpose. For example,
several authors interpret empirical nonconstancy in an equation as indicating that a
structural shift occurred in the economic relation being modeled. Here, the Lucas
critique is cited in defining a regime change, rather than for using a regime change to
investigate the importance of the Lucas critique. Many papers set out to determine
whether a regime shift in variable z occurred in year t without examining the effect
of such a regime shift on any particular model. Quite commonly, the sample is split
according to a priori reasoning (e.g., in half) or in light of an ex post regime shift,
and estimation results over the subsamples are then compared. The Lucas critique
is used to explain why the estimated parameters may have changed. As discussed
in Section 2.3, the Lucas critique is only one explanation for parameter instability:
many other types of model mis-specification lead to nonconstant parameters as well.
Rarely is any attempt made to eliminate alternative explanations of the observed
nonconstancy.

In the third approach, the Lucas critique serves to justify introducing expecta-
tional models. Lucas (1976) is cited as motivation for abandoning conditional models
and explicitly modeling expectations instead, often in a rational expectations frame-
work. Typically, the weaknesses of conditional models are never demonstrated. The
empirical nonconstancy of conditional models and the presence of regime shifts in
samplz are often cited as evidence of the Lucas critique. However, little or no evi-
dence is usually given that all conditional models are nonconstant, that the rational
expectations model is constant, or even that the marginal or forcing variable process is
actually nonconstant. The Lucas critique is assumed to be empirically valid, and the
class of theoretical and empirical models is chosen to avoid the Lucas critique without
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regard for the data. Blinder (1988, p. 283) poignantly describes in the context of the
Phillips curve the profession’s “logic” for pursuing this third approach.

Academic readers of Lucas put two and two together and jumped like
lemmings to the wrong conclusion. The facts were (a) that inflation rose
and (b) that the correlation between inflation and unemployment changed.
The (untested) assertion was that the Lucas critique explained why (b)
followed from (a): the government had adopted a more inflationary policy,
which in turn had changed [the inflation dynamics].

Rather than seek evidence on this point, partisans of the Lucas
critique became econometric nihilists. Theory, not data, was supposed to
answer such questions; and theory allegedly said yes.

In a similar vein, the Lucas critique is used to argue for modifications to conditional
models. For example, the Lucas critique often motivates including various dummy
variables or working with stochastic coefficient models.

None of these three approaches actually provides evidence on the empirical validity
of the Lucas critique, as is apparent from analysis of the citation database. However,
as Section 5 documents, numerous examples have accrued in which super exogeneity
does exist in a conditional model, in which case the Lucas critique does not apply in
practice for that empirical relationship.

5 Empirical Evidence Against the Lucas Critique

This section examines empirical evidence against the Lucas critique by corsidering
evidence on super exogeneity. Sections 5.1-5.5 illustrate the procedures for testing
super exogeneity with a particular empirical model, Hendry and Ericsson’s (1991a,
equation (10)) U.K. money demand function. Section 5.6 examines the eviclence on
super exogeneity generally, developing and analyzing a citation database for super
exogeneity.

5.1 An Empirically Constant Conditional Model

The Lucas critique implies that conditional models cannot have super exogenous
variables, leading to the two testable implications discussed in Section 2.2: the con-
stancy of parameters in conditional models and the invariance of those parameters to
changes in the marginal process. To clarify the practical application of the associated
tests, Sections 5.1-5.5 analyze super exogeneity in Hendry and Ericsson’s (1991a)
conditional model of annual U.K. money demand. This subsection (5.1) shows that
that model is empirically constant. Section 5.2 demonstrates the nonconstancy of the
marginal processes, thus showing super exogeneity via test (i). Section 5.3 extends
the marginal models for test (ii); and Section 5.4 calculates test (ii), finding super exo-
geneity for the conditional model and demonstrating the high empirical power of the
invariance test on mis-specifications of the conditional model. Section 5.5 considers
some implications of the conditional mode] and associated tests.
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Using Friedman and Schwartz’s (1982) annual data, Hendry and Ericsson (1991a)
obtain the following conditional error correction model.

Am—p) = 045A(m —p)e_y — 0.10 A2(m — p)e_sy
[0.06] 04

[0.04]
— 0.60 Ap; + 0.39 Ap;—; — 0.021 Ars; — 0.062 Aori,
[0.04] [0.05] [0.006] [0.021]
— 255 (-1 — 0.2)4%2_;, + 0.005 + 3.7 (Dy+ D), (6)
[0.59] [0.002] [0.6]

T =93 [1878-1970] R?=0.87 & =1.424%

The variables are per capita nominal money M2 (M), real net national product (Z), its
deflator (P), short- and long-term nominal interest rates (RS and RL), and dummies
for the two world wars (D; and Dy;), with logs indicated by lower case. Details of
the data appear in Friedman and Schwartz (1982) and Hendry and Ericsson (1991a).
The residual 4 is the error correction m — p — z + 0.309 + 7.00RS, and it enters
(6) nonlinearly. White’s (1980) heteroscedasticity consistent standard errors are in
brackets, A is the difference operator, T is the number of observations, R? is the
squared multiple correlation coefficient, & is the estimated equation standard error,
and a circumflex " indicates least squares estimation.

Hendry and Ericsson (1991a) show that (6) passes a battery of diagnostic tests
and that it is constant over subsamples prior to and after World War 1. Recursive esti-
mation over the entire sample was not undertaken because of the dummy (D; + Dy),
in (6). Constancy of the conditional model is central to the first super exogeneity test,
so (53) is estimated recursively over the entire sample, taking the full-sample estimate
of the coefficient on (D; + Dy;); as known.® Figure 5 plots the one-step residuals and
the corresponding equation standard errors, i.e., {y; — B{-’C:} and {0+ 26;} in a com-
mor notation. The equation standard error & varies little over time. Figure 6 records
the “break-point” Chow (1960) statistics for the sequence {1893-1970, 1894-1970,
..., 1969-1970, 1970}. None of the Chow statistics are significant at their one-off
5% critical values. Likewise, Hansen’s (1992) test against coefficient nonconstancy
with an unknown break point is insignificant at the 5% level for each coefficient,
for the equation error variance, and for the coefficients and equation error variance
jointly. Figures 7 and 8 plot the recursive estimates and standard error bands for
coefficients on two central variables, current inflation [Ap;] and the error correction
term [(4,—; —0.2)42_,]. Both coefficients are empirically constant over time; the other
coefficients in (6) show similar stability. The marked narrowing of the standard error
bands in the 1890s and just after World War I reflects the high information content
of the data during those periods. Results in the following subsections document that

$Treating that coefficient as known may bias the Chow statistic towards rejection because an
extra degree of freedom is assumed. However, this bias did not matter in practice.
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FIGURE 5. One-step residuals (—) from the money demand equation (6),
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FIGURE 6. Break-point Chow statistics (—) for the money demand equa-
tion (6), normalized by their one-off 5% critical values (- - -).
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FIGURE 8. Equation (6): recursive estimates (—) of the coefficient of
the error correction term (@, — 0.2)4? ,, with +2 estimated standard
errors (---).
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some of that information arises from nonconstancy in the marginal processes.

5.2 Nonconstant Marginal Models

Inflation and the two interest rates enter (6) contemporaneously, so the noncon-
stancy of their marginal processes is of interest for testing super exogeneity. Figure 9
plots the annual inflation rate and the long-term interest rate, while Figure 10 plots
the two nominal interest rates. Several features of the data are striking. First, in-
flation deviates wildly from RL during and after World War I, albeit in opposite
directions for the two subsamples. Second, the ez post real long rate is generally
positive but does not appear constant. Third, the short- and long-term nominal in-
terest rates tend to move together, excepting the period 1932-1952. Thus, inflation
was modeled as a univariate marginal process, whereas RS and RL were modeled
both as univariate processes and as a bivariate marginal process, the latter permit-
ting cointegration between RS and RL. This subsection presents Ericsson and [rons’s
(1995) marginal process for inflation and develops the univariate marginal models for
the interest rates. Section 5.3 develops the bivariate marginal model for the interest
rates.

Starting with a fifth-order autoregressive model of p,, Ericsson and Irons (1995)
obtain the following generalized random walk.

Ap, = 0.65Ap,_, + 0.0081 (7)
[0.18] [0.0036)

T =93 [1878-1970] R? =043 & =4.239% Inn F(4,87) =122

Inn F(-,-) is the standard F statistic for testing that the reduction from the more
general [fifth-order autoregressive] model is valid. Under the null hypothesis o valid
reduction, Inn F(-,-) is asymptotically distributed as an F statistic with degrees of
freedom as given (albeit ignoring the presence of a unit root in pt). The reduction
to (7) appears statistically acceptable. Still, (7) is highly nonconstant. Figures 11
and 12 plot the recursively estimated equation standard errors and the break-point
Chow statistics.

A similar picture develops for the interest rates. Starting from univariate fifth-
order autoregressive models for RS and RL, the following simple models were ob-
tained.

ARS, =— 037 ARS,_, + 0.00078 (8)
[0.13] [0.00091]

T =93 [1878-1970) R®=0.14 6 =0.862% Inn F(4,87) = 0.49
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ARL, = 045 A2RL,_; + 023 AsRL,_3 + 0.00040 (9)
[0.12) [0.08] [0.00025]

T =93 [1878-1970] R?*=0.29 6 =0.262% Inn F(3,87) = 0.54

Figures 13-16 plot the recursively estimated equation standard errors and the break-
poin; Chow statistics for each of (8) and (9). Equation (8) may be constant, but
(9) clearly is not. For the latter, Hansen’s (1992) joint instability test is 1.92 with
four degrees of freedom, rejecting at the 1% level. Using test (i) from Section 2.2,
super exogeneity of prices and interest rates in (6) follows from the constancy of the
conditional model (6) and the nonconstancy of the marginal models (7) and (9).

5.3 Extended Marginal Models

To perform test (ii) from Section 2.2, empirically more constant, better-fitting
marginal models are developed for Ap, RS, and RL. Equations (7)—(9) are extended
to include dummies, which proxy for shifts in A over time and which thus are used
in Section 5.4 to test the invariance of the coefficients in (6). The major shifts are of
several forms, so a notation for dummy variables is convenient. I, denotes an impulse
dummy for the year 19ab (i.e., being +1 in 19ab and zero otherwise). Sgu.q denotes
a step dummy beginning in the year 19ab and ending in the year 19¢d (i.e., being
+1 for 19ab-19¢cd and zero otherwise). Some dummies also interact with the lagged
dependent variable or with a time trend (¢rend). The dummies aim to capture the
inflationary and deflationary periods during and after World War I (S}s20, S2123) and
the large deviations between RS and RL for part of the interwar period and during
and following World War II (Ss3s1, Ssgas, f32, I33, Is2). Additionally, dummies are
included for the remainders of the respective samples (S2470, Ss270)-

Ericsson and Irons (1995) model inflation as the first-order autoregressive process
(7) augmented by three dummies (S)s20, S2123, S2470), Which enter directly, interac-
tively with inflation, and interactively with the time trend. Aiming to maximize the
power of the invariance test, Ericsson and Irons simplify that augmented equation to
obtain the following.

Ar, = 031Ap_, + 028 (S2470 - Ap)e—1 + 0.115 Sisooe — 4.3 Soios
015 (0.0 (14

[0.11) 16)
— 0.009 + 0.00029 trend; + 0.074 (Sz103 - trend), (10)
[0.006]  [0.00010] (0.024)

T =93 [1878-1970] R?=0.83 & =2.388% Inn F(5,81) =0.97

OLS estimated standard errors (in parentheses) are reported for coefficients on dummy
variables, since the dummies often have implausibly small estimated heteroscedast-
icity consistent standard errors. Equation (10) is more constant than (7) and has an
estimated equation standard error ¢ virtually half that of (7), indicating the statistical
and numerical importance of the additional variables in (10).

27



.east .. e T 4

.01

/\A yay N A/\VAVV

—-.@1s- R N

—.025

i " ' 1 I L " "
19006 1910 192 1930 1940 1930 196@ 197@

FIGURE 13. One-step residuals (—) from equation (8) for RS;, with 0 3-
26¢ (-- ).

N . n " N 2 3
1900 1918 1920 1930 1940 1950 1960 1970

FIGURE 14. Break-point Chow statistics (—) for equation (8) of RS,.
normalized by their one-off 5% critical values (- - -).

28



.81

. 006 -

. 904

1 2 : 1 L I i s
1900 1910 1920 1930 1940 1956 1960 1978

FIGURE 15. One-step residuals (—) from equation (9) for RL,, with
026, (--).

10

e 2 1 n " s 1 1
19@0 1918 1920 1938 1940 1950 19é@ 1976

FIGURE 16. Break-point Chow statistics (—) for equation (9) of RL,
normalized by their one-off 5% critical values (- -).

29



The interest rates RS and RL are modeled as a bivariate fifth-order VAR :n light
of their apparent cointegration in Figure 10. That VAR is estimated with a constant
only (System A), with a constant and Ss3s; (System B), and with a constant and all
dummies associated with the interest rates (i.e., 53351, S3g45, 85270, 55270 . trend, 132,
I3, Isy) (System C). The dummies enter the systems unrestrictedly and are allowed
to (but not forced to) enter the cointegrating vector, if one exists.

While System A does not appear to be cointegrated, both Systems B and C are:
see Table 5. Inclusion of S35, appears critical in capturing the temporary deviation
between RS and RL around and immediately prior to and after World War IL." Using
Johansen’s (1988, 1991) and Johansen and Juselius’s (1990) maximum likelihood
procedure, the null hypothesis of no cointegration is rejected at the 1% level in favor
of one cointegrating vector for Systems B and C. The estimated cointegrating vector
is approximately (1 —0.7), and the estimated error correction feedback coefficients in
the equations for RS and RL are approximately —0.7 and —0.03 respectively. From
Johansen’s (1992a, 1992b) test, RL appears weakly exogenous for the cointegrating
vector (i.e., —0.03 & 0), whereas RS clearly is not weakly exogenous. Long-run unit
homogeneity is marginally rejected in System C, although not when tested jointly
with the weak exogeneity of RL.

With these data features in mind, System C was simplified to the following pair
of equations, which are estimated by maximum likelihood.

ARS, = 053 ARL,; — 1.19 ARL,_, — 0.613 (RS — RL),_; — 0.0006

[0.24] [0.36] [0.093] [0.0011]
— 0.0158 Sa3s1; + 0.0047 Szeuse — 0.025 Iso, (11)
(0.0026) (0.0028) (0.008)
ARL, = 033ARL,_, — 048 ARL,_» + 0.0002 — 0.018 Ssor0t
[0.11] [0.15] [0.0002]  (0.008)
+ 0.00022 S5270t -trend — 0.0088 I32t + 0.0035 152t (12)
(0.00009) (0.0024) (0.0021)

T = 93 [1878—1970] &RS = 0743% &RL = 0238% COI‘I'(’&RS,'&RL) = 0.63
Inn x?(22) = 30.5 [0.11]

The statistic corr(ipgg, @ipy) is the empirical correlation between the residuals from

"Other studies also include transients and short-run variables in their cointegration analyses.
Johansen and Juselius (1992) include oil price inflation in their analysis of purchasing power parity
and uncovered interest rate parity; Hendry and Mizon (1993) and Hendry and Doornik (1994)
include various dummies in their models of post-war U.K. money, prices, output, and interest rates;
and Juselius (1993) includes both transient dummies and stationary variables in her ana.ysis of
Danish money demand. Kremers, Ericsson, and Dolado (1992) show analytically and empirically

that accounting for short-run or temporary fluctuations can dramatically improve the power of
cointegration tests.
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TABLE 5. Cointegration Analyses
of the Short- and Long-term Interest Rates RS and RL

System A System B System C
Hypotheses r=0 r<l1 r=0 r<l1 r=0 r<l1
Eigenvalues 0.067 0.018 0.256 0.019 0.239 0.010
Amaz 6.4 1.7 27.5* 1.8 25.4* 0.9
A2 s 5.7 1.5 24.5* 1.6 22.7* 0.8
95% critical value 14.1 3.8 14.1 3.8 14.1 3.8
Atrace 8.1 1.7 29.3" 1.8 26.4* 0.9
A ace 7.2 1.5 26.1** 1.6 23.5** 0.8
95% critical value 15.4 38 154 3.8 15.4 3.8
Standardized eigenvectors 3
RS RL RS RL RS RL
1 -0.30 1 -0.70 1 -0.73
-0.37 1 -0.27 1 -0.21 1
Standardized adjustment coeflicients o
RS -0.15 0.10 -0.60 0.08 -0.81 -0.07
RL 0.00 0.05 -0.03 0.05 -0.03 -0.04
Weak exogeneity test statistics
RS RL RS RL RS RL
2.60 0.00 17.0~ 0.28 17.7**  0.24
[0.11] [0.95) [0.000] [0.59] [0.000] [0.62]
Unit homogeneity test statistics
1.80 6.27* 4.71*
[0.18] [0.012] [0.030]
Joint test statistics
2.33 7.49* 4.71
[0.31] [0.024] [0.095]
Notes:

1. The systems are fifth-order VARs in RS and RL over 1878-1970. All systems include
a constant term. In addition, System B includes S3351; and System C includes S33s1,
S3945, Ss5270, Ss270 - trend, I3p, Izz, and Isp. Asterisks * and ** denote significance at
the 5% and 1% levels respectively, and asymptotic p-values appear in square brackets.
2. The statistics Amaz and A¢race are Johansen's maximal eigenvalue and trace eigen-
value statistics for testing cointegration. The null hypothesis is in terms of the coin-
tegration rank r and, e.g., rejection of r = 0 is evidence in favor of at least one
cointegrating vector. The statistics AZ,,, and A{ .., are the same as Armqz and A¢race,
but with a degrees-of-freedom adjustment. Critical values are taken from Osterwald-
Lenum (1992, Table 1).

3. The weak exogeneity test statistics are evaluated under the assumption that r =1
and so are asymptotically distributed as x2(1) if weak exogeneity of the specified vari-
able for the cointegrating vector is valid. The joint test statistic is asymptotically
distributed as x2(2) if RL is weakly exogenous and long-run unit homogeneity holds.
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the two equations, and Inn x2(22) is the likelihood ratio test statistic against the
unrestricted System C. Cointegration is readily apparent from the large and highly
significant feedback coefficient on (RS — RL),_; in (11), which is statistically close to
the corresponding value of —0.81 from the unrestricted VAR in System C. If the error
correction term is added to (12), it is statistically insignificant and numerically small,
in line with RL being weakly exogenous. Lagged changes in the long-term interest
rate affect both short- and long-term rates, whereas lags in the short-term rate matter
only through the error correction term, which appears in only (11). Several of the
dummy variables are statistically and numerically highly significant, reflecting their
importance in capturing some of the major movements in the series. While (11) and
(12) are more constant and better fitting than (8) and (9), equations (11) and (12)
still have some residual autocorrelation and heteroscedasticity. An even more general
model of interest rates might capture those features of the data: for the present
purposes, (11) and (12) suffice.®

5.4 The Invariance Test for Super Exogeneity

Using equations (10)-(12), this subsection constructs the second type of super
exogeneity test for (6) and provides evidence on the empirical power of that test.
The column under “(6)” in Table 6 lists four variants of that test statistic for super
exogeneity. The first three variants test for the significance in (6) of the right-hand
side variables from the marginal models (10), (11), and (12) respectively, with re-
dundant variables excluded from the test. The final statistic (using “all” merginal
models) tests for the joint significance of all three marginal models’ right-hand side
variables. None of the four statistics are significant, even at the 20% significance level:
asymptotic p-values appear in square brackets. The parameters in (6) appear ‘nvari-
ant to the changes in the inflation and interest rate processes, so inflation and interest
rates are super exogenous in (6), precluding a role for model-based expectations of
those variables in U.K. money demand.

Power may be an issue for both super exogeneity tests (i) and (ii), and their finite
sample power can be assessed directly. Hendry and Ericsson (1991a) show that the
inversion of (6) on inflation is nonconstant, implying high empirical power for test (i).
The remainder of this subsection examines the power of test (ii) by applying that test
to mis-specified versions of (6).

Mis-specification of a conditional model typically generates parameters n the
conditional model that are not invariant to changes in A, even if the parameters in
the original conditional model are invariant. Thus, rejection of invariance ‘n the
mis-specified model provides some measure of power. We consider two classes cf mis-
specification: lagging the marginal variable in (6) rather than including it contempo-

8Univariate and bivariate models for the interest rates are qualitatively similar if logs of the
interest rates are modeled rather than their levels. Levels appear to deliver better specified equations
than logs, so the levels equations are presented.

32



TABLE 6.
Invariance Test Statistics for Super Exogeneity in (6)

Basis for Test Conditional Model
Variable Mis-specified in (6)

Marginal Null

Model Distribution (6) Ap Ars Agrl all
Mis-specification in lag

Ap F(5,79) 0.78 11.9* 0.88 0.78 13.4*
[0.56]  [0.000] [0.50] [0.57)  [0.000]
RS F(6,78) 0.67 1.49 2.29* 2.81* 5.39**
[0.67] [0.19]  [0.044] [0.016] [0.000]

RL F(6,78) 1.12 0.30 1.73 2.83* 2.60*
[0.36] [0.93] [0.13]  [0.015] [0.024]
all F(14,70) 1.12 5.22*  2.02* 1.72 8.18**
[0.35]  [0.000] [0.028] [0.07)  [0.000}
o 1.424% 2.710% 1.541% 1.500% 3.349%

Mis-specification by omission

Ap F(5,80) 9.99** 0.78 0.80 11.0*
[0.000]  [0.56] [0.56]  [0.000]
RS F(6,79) 1.51 241* 1.44 4.88™
[0.19] [0.034] [0.21]  [0.000]

RL F(6,79) 0.31 1.79 1.95 2.01
[0.93] [0.11] [0.08] [0.07]
all F(14,71) 491  2.09* 1.10 7.25*
[0.000] [0.022] [0.38]  [0.000]
o 2.700% 1.537% 1.508% 3.314%

~Notes:

1. The marginal models for Ap, RS, and RL are given by equations (10), (11), and
(12). The right-hand side variables in those equations provide the basis for the various
invariance tests.

2. Listed degrees of freedom in the F statistic are for (6) and for mis-specifications
involving Ars or Agrl. Degrees of freedom for other mis-specifications may differ
slightly because Ap appears in (6) at the first lag as well as current-dated. Asymptotic
p-values appear in square brackets.
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raneously, and omitting the marginal variable from (6) entirely. Within each class, we
consider four mis-specifications by variable: one for each of the three marginzl vari-
ables and one for all marginal variables together. For a given class of mis-specification
and a given variable involved in that mis-specification, four variants of test (ii) are
calculated, as for (6) above. The last four columns in Table 6 list the resulting F'
statistics, with each column corresponding to a specific type of mis-specification by
variable.

Rejection almost invariably results when the test statistic utilizes the right-hand
side variables from the marginal process of the mis-specified variable in (6). For
instance, mis-specification in the lag of the short-term interest rate implies replacing
Arsg in (6) by Ars,_,. The invariance test statistic using the right-hand side variables
from (11) is F(6,78) = 2.29 with a p-value of 4.4% (i.e., the second pair of values
in the fifth column of Table 6). Much stronger rejection results when the role of
inflation in (6) is mis-specified. The rejections in Table 6 reflect the power of the
test and the high information content in the data. In summary, inflation and interest
rates are super exogenous for the parameters in the money demand equation (€), and
the power of the super exogeneity tests appears high.

5.5 Some Implications

A few comments may help clarify the implications of these results. First, both
types of super exogeneity tests indicate that inflation and interest rates are super
exogenous in the money demand model (6). Instrumental variables estimation of (6)
by Hendry and Ericsson (1991a, p. 30) obtains virtually identical and empirically con-
stant coefficient estimates, thus also supporting valid conditioning. Even with super
exogeneity, data-based predictors are allowable, so error correction models such as (6)
can have a forward-looking interpretation; see Hendry and Ericsson (1991b). Specif-
ically, current and lagged inflation enter (6) as —0.3(Ap, + A%p,) (approximately),
where Ap, + A?p, is a natural predictor of next period’s inflation. F lemming (1976)
proposes similar such models for forming expectations about inflation; Campos and
Ericsson (1988) and Kamin and Ericsson (1993) generalize the class of predictors and
implement them in conditional models of Venezuelan consumers’ expenditure and Ar-
gentine broad money demand respectively. Super exogeneity is feasible with such a
predictor because the predictor does not require estimating X. That is, the predictor
is data-based, not model-based.

Second, conditional models may imply trivial losses in utility relative to an expec-
tational solution. Cochrane (1989) provides numerical comparisons for consumers’
expenditure, as do Akerlof (1979), Akerlof and Milbourne (1980), and Hendry 1995,
p. 582) for money demand. Data-based predictors may be only slightly less accu-
rate than model-based ones; and the information costs to agents may be high for
achieving a model-based predictor that betters a data-based one, particularly in the
presence of frequent regime changes to a complicated policy reaction function. A con-
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ditional error correction model thus may parallel an optimal decision rule by agents
facing; such information costs. More generally, Ss-type models provide the economic
underpinnings for error correction models such as (6): see Akerlof (1979), Akerlof
and Milbourne (1980), Milbourne (1983), and Smith (1986) for money demand in
particular.

Third, policy can and (in general) does affect agent behavior when super exo-
geneity holds. Policy does so through the variables entering the conditional model,
albeit not through the parameters of that model. Government policy might well af-
fect inflation and interest rates, and so the demand for money. However, under super
exogeneity, the precise mechanism that the government adopts for such a policy does
not affect agent behavior, except insofar as the mechanism affects actual outcomes.

Fourth, Lucas (1988, p. 162) argues that the long-run money demand function
should be stable, even if its short-run behavior is not. The results above show that
both Jong- and short-run aspects of the estimated money demand function are empir-
ically constant, and are invariant to the policy changes that occurred.® Its empirical
constancy is surprising, given Judd and Scadding’s (1982) survey of empirical money
demand equations for the United States. The empirical constancy of Kamin and
Ericsson’s (1993) conditional money demand equation for Argentina is even more
surprising, since its estimation period spans a sample with inflation rates ranging
from inder 1% to nearly 200% per month. Further, the Lucas critique is of potential
issue for even long-run parameters in conditional money demand models, noting the
numerous cites in Laidler (1993) to articles modeling money demand with expecta-
tions for each of its right-hand side variables. “Policy” then should also be interpreted
in Lucas’s (1976, p. 21) broad sense because government agencies are likely to be not
the only forces determining income, prices, and interest rates.

Fifth, while the bivariate model of interest rates suffices for the expository pur-
poses of this empirical illustration, a marginal analysis is feasible for interest rates,
prices, and income jointly, as in Hendry and Ericsson (1986). More generally, analysis
of the system for money, prices, income, interest rates, and (possibly) other variables
may offer additional insights for policy, even when super exogeneity holds for the
condi‘ional money demand equation. On post-war quarterly U.K. data, Hendry and
Mizon (1993) and Hendry and Doornik (1994) find an additional cointegrating vector
linking inflation with output relative to trend; and the short-run dynamics of the
marginal equations are important for understanding the implied behavior of money.

“Hendry and Ericsson (1991a) show that the short-run elasticity of RS may have changed with
the introduction of Competition and Credit Control in 1971. That change does not obviate the
empirical constancy of the model over a near century of data, nor does it provide evidence for the
Lucas critique. Rather, the nonconstancy appears to arise from mis-measurement of the opportunity
cost of holding money; see Hendry and Ericsson (1991a, p. 32). Lubrano, Pierse, and Richard (1986)
and Steel and Richard (1991) find comparable results in extensive Bayesian analyses of a similar
U.K. aggregate (M3); and Hendry and Ericsson’s (1991b) model of M1 demand is constant over a
period spanning the introduction of Competition and Credit Control.
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Similarly, Juselius’s (1993) system analysis of Danish money data helps clarify the
interactions between variables, beyond that obtainable from a single equation ap-
proach. By working with subsystems, our analysis of U.K. data bridges Hendry and
Ericsson’s (1991a) single equation results and an analysis of a closed system.

5.6 The Empirical Literature on Super Exogeneity

This subsection analyzes the overall empirical evidence on super exogeneity. To
do so, we have conducted an SSCI search for articles that cite any of Engle, Hendry,
and Richard (1983), Hendry (1988), and Engle and Hendry (1993). The first reference
develops the concept of super exogeneity, and the other two references propose tests (i)
and (ii) for super exogeneity. Paralleling Sections 3-4, the articles in the current SSCI
search were categorized and examined for their empirical evidence on super exogeneity.
Considerable empirical evidence already exists showing super exogeneity for a variety
of macro-economic equations across several countries: the empirical applicability of
the Lucas critique is rejected in these instances. Analysis of the SSCI search also
indicates directions for future empirical research on the role of expectations in the
economy.

The SSCI search obtains 216 articles published during 1980-1993 that cite at least.
one of the references mentioned above.!® We were able to obtain copies of all but
five articles. Only one of those five articles was published in a journal appearing
on Laband and Piette’s (1994) list of the 130 most cited economic journals: Applied
Economics, ranked seventy-sixth. Of those articles obtained, 30 are “bad cites”,
leaving 181 articles available with “good cites”.!! Table 7 details the breakdcwn.

The articles were read and then categorized according to several characteristics:

1. the nature of the article (empirical, mixed, theoretical, and other),

2. the author’s view on whether or not the article’s evidence supported super
exogeneity (yes, maybe, no, only weak exogeneity tested, and not applicable or
not tested),

3. the sorts of evidence presented on super exogeneity (test (i) on constancy,
test (ii) on invariance, and nonconstancy of the inverted equation, the last
as discussed in Hendry and Ericsson (1991a, 1991b)), and

4. the area of application.

A complete listing of the information on the articles appears in Table A5 of the
Appendix. Table 8 tabulates the joint distribution of cites across the nature of the

10Cjtations to unpublished versions of the papers are also included, noting that Engle, Hendry,
and Richard (1983) and Engle and Hendry (1993) were particularly long in gestation.

"Fourteen articles in the SSCI search do not include any of the exogeneity papers in their bibli-
ographies, although they do cite other papers by Engle, Hendry, or Richard. Their inclusion in the
SSCI search reflects our inability in using the SSCI to specify fully a citation of interest vhen the
citation appeared as a discussion paper in a year different from its year of publication.
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TABLE 7.
Availability, Status, and Nature of the Articles
from the SSCI Search on the Exogeneity Papers

Articles available

Good cites
Empirical 74
Mixed 44
Theoretical 39
Other 24
Sub-total 181
Bad cites
Exogeneity papers not cited in the text 9
Exogeneity pa%ers not listed in the bibliography 14
Article not in English 3
Book 4
Sub-total 30
Sub-total 211
Articles not available 5
All articles in the SSCI search 216
TABLE 8.

Author’s View on the Empirical Presence of Super Exogeneity:
By Nature of the Article

Nature of the Article

Author’s view

Empirical Mixed Theoretical Other Total
Yes 18 7 25
Maybe 4 2 6
No 4 1 )
Weak exogeneity 4 4 8
NA 44 30 39 24 137
Total 74 44 39 24 181
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TABLE 9.
Empirical Evidence Presented For and Against Super Exogeneity:
By Type of Test and Area of Application

Type of Test

Constancy Invariance  Inversion Total

Area of Application Cond. Yes No Yes No Yes No Yes No

Consumption 2 1 1 1 1 1 3 1
Expenditure 1 1
Housing 3 3
Money demand 4 10 1 7 1 ) 15 2
Prices 1 1
Public finance 1 2
Trade 1 1
Wages 1 1 1
Total 11 13 3 9 2 6 0 25 )

Note: The column “cond.” indicates that the conditional model is empirically constant but
that evidence on the marginal process was not presented. Articles where the evidence was
mixed or where only weak exogeneity was tested are not included in the table. The two
right-hand side columns list the corresponding numbers of articles cited in a given row, which
need not be the sums across the row, noting that some articles report more than one of the
tests.

article and the view of the author. Of the 118 empirical and mixed articles, 30 offer
clear evidence in favor of or against super exogeneity.

Table 9 analyzes those 30 articles by the area of application, tests calculated,
and result obtained. Twenty-five papers find evidence for super exogeneity; only
five find evidence against. Models of money demand predominate, perhaps reflecting
the initial application of tests (i) and (ii) in Hendry (1988) and Engle and Hendry
(1993) to money demand equations. Several papers show that the conditional model
is constant without demonstrating either the nonconstancy of the marginal process
[test (i)] or the invariance of the conditional model to changes in the marginal process
[test (ii)]. Often, these omissions occur because the nonconstancy of the marginal
process is “patently evident” from the data, because the inverted conditional model
is nonconstant, or because other conditional models are nonconstant. Still, explicit
statistical evidence would be helpful.

Additionally, Table 9 clarifies just how little evidence exists on super exogeneity
for many important macro-economic relations. For example, only a single article
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applies these tests to a model of prices, yet price stability and inflation targeting are
central issues in the current policy arena. The relatively recent development of the
tests is no doubt partly responsible for the lack of applications. Also, some papers
implementing super exogeneity tests are not yet published or may not cite any of the
three articles in the SSCI search. Even so, much testing and modeling remains for
the empirical macro-modeler.

6 (Conclusions

‘This paper shows that the Lucas critique is a possibility theorem, not an existence
theorsm. An extensive search of the literature reveals virtually no evidence demon-
strating the empirical applicability of the Lucas critique. That search clarifies what
sort of evidence would constitute support for the Lucas critique: much of the evidence
cited in the literature is uninformative because it could arise from more mundane sorts
of mcdel mis-specification. A case study of U.K. money demand shows how super
exogeneity tests can be used to test for and refute the Lucas critique in practice. An
additional literature search finds considerable evidence refuting the Lucas critique for
specific macro-economic equations across a number of countries. Model-based expec-
tations may be important for some (other) areas of the economy: that is an empirical
issue, and one on which there is currently scant evidence. Equally, rejection of super
exogeneity for a particular conditional model does not preclude another conditional
mode] (explaining the same data) from having super exogenous variables.

Refutation of the Lucas critique does not mean that agents are backward-looking
rather than forward-looking. Rather, refutation may imply that agents’ formation
of expectations is simply not model-based. The conditional model of U.K. money
demand includes a natural data-based predictor of inflation, which illustrates this
distinction. Even while such error correction models are conditional and hence “feed-
back” in an important statistical sense, these models are interpretable economically
as forward-looking, but not in a model-based formulation.
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Appendix. Partitioning of SSCI Journal Citations

Tables A1, A2, and A3 respectively list the numbers of good, bad, and unavailable
articles, by journal. ‘

Tables A4 and Ab respectively list detailed information on the SSCI citztions to
Lucas (1976) and to the exogeneity papers. The citations are listed chronologically,
and are alphabetical by author within a given year. If an article is not available, “NA”
appears under “Nature”. If an article is “bad”, the reason for it being “bad” appears
under “Nature”, e.g., “No reference”, “Book”, or “No cite”. For citations of Lucas
(1976), the model type and model evidence are listed for only mixed and empirical
articles citing Lucas (1976) substantively. For citations of the exogeneity papers, the
article’s topic and its evidence (if any) on constancy, invariance, and inversion are
listed for only mixed and empirical articles.

TABLE Al.
Number of Articles in SSCI Searches for Lucas (1976) and the Exogeneity Papers:
Article Is Available and Cite Is “Good”

Lucas Exogeneity Journal

AGRICULTURAL ECONOMICS RESEARCH
AKRON BUSINESS AND ECONOMIC REVIEW
AMERICAN BEHAVIORAL SCIENTIST
5 AMERICAN ECONOMIC REVIEW
AMERICAN JOURNAL OF AGRICULTURAL ECONOMICS
1 AMERICAN JOURNAL OF POLITICAL SCIENCE
AMERICAN POLITICAL SCIENCE REVIEW
AMERICAN SOCIOLOGICAL REVIEW
ANNALS OF REGIONAL SCIENCE
5 APPLIED ECONOMICS
2 APPLIED MATHEMATICS AND COMPUTATION
AUSTRALIAN ECONOMIC PAPERS
AUSTRALIAN JOURNAL OF AGRICULTURAL ECONOMICS
BEHAVIORAL SCIENCE
BROOKINGS PAPERS ON ECONOMIC ACTIVITY
1 CAMBRIDGE JOURNAL OF ECONOMICS
4 CANADIAN JOURNAL OF ECONOMICS -

REVUE CANADIENNE D’ECONOMIQUE _
CANADIAN PUBLIC POLICY - ANALYSE DE POLITIQUES
CARNEGIE-ROCHESTER CONFERENCE SERIES

ON PUBLIC POLICY
CATO JOURNAL

1 CLIMATIC CHANGE
COMPUTERS AND MATHEMATICS WITH APPLICATIONS
CONTEMPORARY POLICY ISSUES

1 DE ECONOMIST

5 ECONOMETRIC THEORY
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TABLE Al. (con’t)
Number of Articles in SSCI Searches for Lucas (1976) and the Exogeneity Papers:
Article Is Available and Cite Is “Good”

Lucas Exogeneity Journal
11 6 ECONOMETRICA
2 1 ECONOMIC AND SOCIAL REVIEW
8 ECONOMIC INQUIRY
13 10 ECONOMIC JOURNAL
13 3 ECONOMIC MODELLING
9 ECONOMIC RECORD
3 2 ECONOMICA
1 ECONOMICS AND PHILOSOPHY
4 ECONOMICS LETTERS
1 7 EUROPEAN ECONOMIC REVIEW

EXPLORATIONS IN ECONOMIC HISTORY

GIORNALE DEGLI ECONOMISTI E ANNALI DI ECONOMIA
HISTORY OF POLITICAL ECONOMY

HOUSING FINANCE REVIEW

INTERFACES

INTERNATIONAL ECONOMIC REVIEW
INTERNATIONAL JOURNAL OF FORECASTING
INTERNATIONAL JOURNAL OF INDUSTRIAL ORGANIZATION
INTERNATIONAL MONETARY FUND STAFF PAPERS
INTERNATIONAL REGIONAL SCIENCE REVIEW

1 INTERNATIONAL STATISTICAL REVIEW

JOURNAL OF ACCOUNTING RESEARCH

JOURNAL OF APPLIED ECONOMETRICS

JOURNAL OF BANKING AND FINANCE

JOURNAL OF BUSINESS

3 JOURNAL OF BUSINESS AND ECONOMIC STATISTICS
1 JOURNAL OF COMPARATIVE ECONOMICS

JOURNAL OF CONTEMPORARY BUSINESS

JOURNAL OF DEVELOPMENT ECONOMICS

1 JOURNAL OF DEVELOPMENT STUDIES

JOURNAL OF ECONOMETRICS

JOURNAL OF ECONOMIC DYNAMICS AND CONTROL
JOURNAL OF ECONOMIC EDUCATION

1 JOURNAL OF ECONOMIC ISSUES

JOURNAL OF ECONOMIC LITERATURE

1 JOURNAL OF ECONOMIC PERSPECTIVES

JOURNAL OF ECONOMIC STUDIES

JOURNAL OF ECONOMIC THEORY

JOURNAL OF ECONOMICS AND BUSINESS

JOURNAL OF ECONOMICS -

ZEITSCHRIFT FUR NATIONALOKONOMIE
JOURNAL OF ENVIRONMENTAL ECONOMICS AND MANAGEMENT
JOURNAL OF FINANCE
JOURNAL OF FORECASTING
JOURNAL OF INDUSTRIAL ECONOMICS
JOURNAL OF INTERNATIONAL ECONOMICS
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TABLE Al. (con’t)

Number of Articles in SSCI Searches for Lucas (1976) and the Exogeneity Papers:

Article Is Available and Cite Is “Good”

Lucas Exogeneity

Journal

10
2
7

41

29
1

12

30
1
4
1
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181

JOURNAL OF INTERNATIONAL MONEY AND FINANCE
JOURNAL OF LABOR ECONOMICS
JOURNAL OF MACROECONOMICS
JOURNAL OF MONETARY ECONOMICS
JOURNAL OF MONEY CREDIT AND BANKING
JOURNAL OF OPTIMIZATION THEORY AND APPLICATIONS
JOURNAL OF POLICY MODELING
JOURNAL OF POLITICAL ECONOMY
JOURNAL OF POLITICS
JOURNAL OF PUBLIC ECONOMICS
JOURNAL OF THE AMERICAN STATISTICAL ASSOCIATION
JOURNAL OF THE ROYAL STATISTICAL SOCIETY, SERIES A
LAND ECONOMICS
LLOYDS BANK REVIEW
MANAGERIAL AND DECISION ECONOMICS
MANCHESTER SCHOOL OF ECONOMIC AND SOCIAL STUDIES
NATIONAL TAX JOURNAL
NATIONALOKONOMISK TIDSSKRIFT
NBER MACROECONOMICS ANNUAL
OXFORD BULLETIN OF ECONOMICS AND STATISTICS
OXFORD ECONOMIC PAPERS - NEW SERIES
POLICY REVIEW
POLICY SCIENCES
PSYCHOLOGICAL BULLETIN
PUBLIC FINANCE QUARTERLY
PUBLIC FINANCE - FINANCES PUBLIQUES
QUARTERLY JOURNAL OF BUSINESS AND ECONOMICS
QUARTERLY JOURNAL OF ECONOMICS
QUARTERLY REVIEW OF ECONOMICS AND BUSINESS
REVIEW OF ECONOMIC CONDITIONS IN ITALY
REVIEW OF ECONOMIC STUDIES
REVIEW OF ECONOMICS AND STATISTICS
REVUE ECONOMIQUE
SCANDINAVIAN JOURNAL OF ECONOMICS
SCIENCE
SCOTTISH JOURNAL OF POLITICAL ECONOMY
SOCIAL AND ECONOMIC STUDIES
SOUTH AFRICAN JOURNAL OF ECONOMICS
SOUTHERN ECONOMIC JOURNAL
WELTWIRTSCHAFTLICHES ARCHIV
WORLD DEVELOPMENT
WORLD POLITICS
ZEITSCHRIFT FUR NATIONALOKONOMIE -~

JOURNAL OF ECONOMICS

Total
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TABLE A2.
Number of Articles in SSCI Searches for Lucas (1976) and the Exogeneity Papers:
Article Is Available and Cite Is “Bad”

Lucas Exogeneity Journal

AMERICAN ECONOMIC REVIEW
BROOKINGS PAPERS ON ECONOMIC ACTIVITY
CAHIERS ECONOMIQUES DE BRUXELLES
CANADIAN JOURNAL OF ECONOMICS -
REVUE CANADIENNE D’ECONOMIQUE
DE ECONOMIST
DESARROLLO ECONOMICO
ECONOMIC INQUIRY
1 ECONOMIC JOURNAL
ECONOMIC RECORD
ECONOMICA
ECONOMICS LETTERS
EUROPEAN ECONOMIC REVIEW
GIORNALE DEGLI ECONOMISTI E ANNALI DI ECONOMIA
INTERNATIONAL ECONOMIC REVIEW
INTERNATIONAL MONETARY FUND STAFF PAPERS
JAHRBUCH FUR SOZIALWISSENSCHAFT
JAHRBUCHER FUR NATIONALOKONOMIE UND STATISTIK
JOURNAL OF APPLIED ECONOMETRICS
JOURNAL OF BANKING AND FINANCE
JOURNAL OF BUSINESS AND ECONOMIC STATISTICS
JOURNAL OF ECONOMETRICS
1 JOURNAL OF ECONOMIC DYNAMICS AND CONTROL
1 JOURNAL OF ECONOMIC LITERATURE
JOURNAL OF FINANCE
JOURNAL OF FORECASTING
JOURNAL OF INTERNATIONAL ECONOMICS
JOURNAL OF INTERNATIONAL MONEY AND FINANCE
JOURNAL OF MONETARY ECONOMICS
JOURNAL OF POLITICAL ECONOMY
JOURNAL OF POST KEYNESIAN ECONOMICS
KYKLOS
4 LECTURE NOTES IN ECONOMICS AND MATHEMATICAL SYSTEMS
MANCHESTER SCHOOL OF ECONOMIC AND SOCIAL STUDIES
1 NATIONALOKONOMISK TIDSSKRIFT
OXFORD BULLETIN OF ECONOMICS AND STATISTICS
OXFORD ECONOMIC PAPERS - NEW SERIES
REGIONAL SCIENCE AND URBAN ECONOMICS
REVIEW OF ECONOMIC STUDIES
REVIEW OF ECONOMICS AND STATISTICS
REVUE ECONOMIQUE
SCANDINAVIAN JOURNAL OF ECONOMICS
SCOTTISH JOURNAL OF POLITICAL ECONOMY
SOUTHERN ECONOMIC JOURNAL
TRIMESTRE ECONOMICO
WELTWIRTSCHAFTLICHES ARCHIV
WORLD DEVELOPMENT
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TABLE A3.

Number of Articles in SSCI Searches for Lucas (1976) and the Exogeneity Papers:

Article Is Not Available

Lucas Exogeneity

Journal

L2 R

NN~

21

AGRICULTURAL ADMINISTRATION AND EXTENSION
ANNUAL REVIEW OF ECOLOGY AND SYSTEMATICS
APPLIED ECONOMICS
COMPUTERS AND MATHEMATICS WITH APPLICATIONS
CURRENT CONTENTS / SOCIAL AND BEHAVIORAL SCIENCES
DE ECONOMIST
DEFENCE ECONOMICS
ENVIRONMENT AND PLANNING C - GOVERNMENT AND POLICY
GIORNALE DEGLI ECONOMISTI E ANNALI DI ECONOMIA
NATIONALOKONOMISK TIDSSKRIFT
POTATO RESEARCH
QUALITY AND QUANTITY
RESOURCES POLICY
REVISTA BRASILEIRA DE ECONOMIA
RIVISTA INTERNAZIONALE DI SCIENZE ECONOMICHE
E COMMERCIALI
TRANSPORTATION RESEARCH PART B - METHODOLOGICAL
WESTERN JOURNAL OF AGRICULTURAL ECONOMICS
ZEITSCHRIFT FUR WIRTSCHAFTS- UND
SOZIALWISSENSCHAFTEN

Total
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