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Abstract

The 1970s and early 1980s witnessed two main gpproaches to the analyss of monetary
policy. Thefirg isthe early new classica approach of Lucas, based on the assumptions
of rationd expectations and market clearing. The second is the atheoretical econometrics
of Sms'sVAR program. Both have developed: the new classica approach has been
enriched through various accounts of price stickiness, cost of adjustment or dternative
expectationd schemes; the origind VAR program has developed into the structurd VAR
program. This paper clarifies the relationship between these two programs. Based on
work of Cochrane (1998), it shows that the typical method of evaluating unanticipated,
unsystematic monetary policy is correct only if the conditions necessary for Lucas's
policy-ineffectiveness proposition hold, while recent methods for evaluating systematic
monetary policy violate Lucas s policy-noninvariance propostion (“the Lucas critique’).
The paper shows how to condruct and estimate (using regime changes) amodel in which
some agents form rationd- expectations and others follow rules of thumb. In such a
model, monetary policy actions can be validly decomposed into systematic and
unsystematic components and valid counterfactua experiments on dterndtive systemdtic
monetary-policy rules can be evduated.



Measuring Systematic M onetary Policy

The financia press hangs on the words of every Governor of the Federd Reserve Board,
every President of a Federal Reserve Bank, and most of dl, of course, on the words of
Charman Alan Greenspan. In histestimony to the Senate Banking Committee on July
20, 2000, Greengpan said:

Most recently we have needed to raise rates to relatively high levelsin red terms

in response to the side effects of accelerating growth and related demand-supply

imbdances. Variationsin the stance of policy — or keegping it the same—in

response to evolving forces are made in the framework of an unchanging

objective — to foster as best we can those financia conditions most likely to

promote sustained economic expansion at the highest rate possible. . .

Irrepective of the complexities of economic change, our primary god isto find

those policies that best contribute to a noninflationary environment and hence to

growth. The Federa Reserve, | trust will dways remain vigilant in pursuit of

that godl.
Charman Greengpan iswdl known for hisinscrutability; yet the message hereis exactly
the one that the financid markets read into Federd Reserve policy: while ultimatdly it
may am to control inflation, it does so through contingent responsesto inflation and red
developments, and it expectsits policy actionsto affect the rea economy systematically.
The manner in which the Federd Reserve determines these contingent responsesis
centrd in the andysis of optimal policy-reactions function — provided, of course, that the
Fed isright and that systematic monetary policy does have economicdly significant
effects on the red economy.

Starting in the early 1970s, new classical economists led by Robert Lucas began

to question whether systematic monetary policy in fact had the required red effects.



Over time, many macroeconomists have come to believe that, because of substantia
frictions (e.g., price stickiness and limited participation in financid markets), systematic
monetary policy does matter. Recent empiricd andyss of monetary policy hastypicdly
used the econometric framework of vector autoregressons (VARS). Motivated in large
measure by Lucas s argument that the coefficients of estimated macroeconomic

rel ationships should not be invariant to changes in monetary-policy regime (the “Lucas
critique’), practitioners have focused on unanticipated and unsystematic policy shocks.
These shocks account for little of the variability of the instruments of monetary policy
and, naturdly, are of lessinterest to markets or politicians than is systematic policy. Yet
the way in which VARs are interpreted implicitly assumesthat Lucas s origina argument
— that systematic monetary palicy isineffective—is correct. Thereisalogica
disconnection between the usud way in which VARS are interpreted and the belief that
systematic monetary policy matters.

The am of this paper isto anayze sysematic monetary policy inaVAR
framework in away that islogicaly corsgent. The key ingght — origindly by John
Cochrane (1998) — isthat the effect of systematic monetary policy depends on the
balance of economic actors between those who behave as ided new classica agents
(frictionless competitors with rationa expectations) and those who follow rules of thumb
or face other frictions. Our own innovation isto suggest amethod of using regime
changes (the Lucas critique) to identify that balance empiricaly. Our purposeis both
critical (wetry to understand some of the recent literature in acommon framework) and

positive (we present an empirica assessment of U.S. monetary policy).



1. Monetary policy after Lucasand Sims

Before the 1970s quantitative monetary-policy andysis had two important features.
Orthodox monetary policy was typicaly viewed in atarget-and-ingruments framework in
which the monetary authority sought to achieve agod for inflation, GDP, or
unemployment using money or some more directly controllable monetary indrument as
the means. Monetarists and Keynesians debated the relative merits of fixed rules versus
discretionary policies. Monetary economigts investigated the relative merits of different
ultimate and intermediate targets and of different insgruments. The literature on optimal
control suggested that rules need not be smple as, say, Milton Friedman preferred, but
could be feedback rules alowing for nuanced responses to different contingencies. The
second feature was that orthodox policy andysis was typicaly conducted in the context
of large-scae macroeconometric models.

In the 1970s, the orthodoxy was attacked on two separate fronts. These two fronts
are rdated, athough their relationship is sometimes not clearly understood. Thefirst
front is the new-classical policy analysis of Robert Lucas and others. The second isthe
program of VARs initiated by Christopher Sms.

In the early 1970s, the early new classical school, especidly as represented in the
work of Lucas, attacked the logic of orthodox policy analysis. Before Lucas, economists
typicaly analyzed the economy and the policymaker asindependent. A policymaker
who understood the economy (through a large macroeconometric model) could choose
instrument settings and use the mode to predict outcomes. Lucas (1972, 1976) inssted

that a sound analysis of policy required that the economy and the policymaker be seen as



interdependent. The public based its behavior on its expectations of the policymaker's
actions derived from an understanding of the rules that the policymaker followed. The
rationa- expectations hypothesisis a crisp implementation of the assumption that the
public understands the implications of the policy rule. The public is modeled as having
expectations that are congstent with the outcomes that would be predicted by the model
of the economy itself. The policymaker cannot, then, modd the public as being mided
about the implications of systematic policies.

Lucas joined the rational-expectations hypothesis to the assumption of continuous
market clearing and monetary neutrdity to underwrite the “ surprise-only” andysis of
aggregate supply. On this view, money has no effect except when the public mistakes
neutral changesin the price level for economicaly significant changesin rative prices—
the rational-expectations hypothesis (Muth 1961) guarantees that such mistakes are short-
lived.

L ucas not only undermined the conviction that systematic policy could be useful,
he provided a basis for dismissng the ussfulness of the typicad macroeconometric modds
of the day as engines of policy andyss. The common practice circa 1970 wasto use
aggregative models with equations estimated conditionaly on the existing monetary
indtitutions and then to assume that the coefficients of the models remained constant as
policymakers dtered the vaues of monetary-policy variables and worked out their
implications for GDP or other variables of interest. The surprise-only aggregate-supply
function implied that this was a usdless srategy. And Lucas predicted thet one would

find evidence of its usdlessnessin the indability of the coefficient esimatesin



macroeconometric modds. as monetary regimes changed — that is, asthe rules of
systematic monetary policy changed — the coefficient estimates would aso change.

The notion that changing the policy rule could not ussfully affect red target
variables became known as the policy-ineffectiveness proposition (Sargent and Wallace
1975, 1976); while the conclusion that the coefficient estimates would change as policy
regimes changed became known as the policy-noninvariance proposition or the Lucas
critique. Although the Lucas critique is sometimes seen to be an attack on a modeling
srategy (without rationd expectations, the macroeconometric modeler cannot get it
right), Lucas s paint is not “if we only knew how the estimates would change, we could
continue to use the old strategy of policy andyss.” Rather, the point is that the estimates
of the coefficients are merdy shifting and usdless correlations among macroeconomic
aggregates. Thereal attack on macromodels is the policy-ineffectiveness proposition,
which implies that thereisno point in getting it right anyway: the surprise-only/rationd-
expectations hypothess dready implies that no predictable policy could work. Given
policy ineffectiveness, the Lucas critique is a Sdeshow with respect to aggregate demand
policies.

Over the past 25 years, the L ucas critique has become entrenched wisdom among
macroeconomists. In contragt, the foundations of the surprise-only andyss of aggregate
supply have been attacked in various ways. One gpproach challenges fundamenta
features of Lucas s andyss— particularly, the rationa- expectations hypothesis or rapid
market clearing. Lucas (1972) himsdf had pointed out thet, if expectations were formed
adaptively, systematic monetary policy would have red effects. Fischer (1977), Phelps

and Taylor (1977), Taylor (1979), and, more recently, Fuhrer and Moore (1995), and



Rotemberg (1982, 1996), among others, have shown that if prices can adjust only dowly
because of contracts or because of costs of adjustment, then systematic monetary policy,
not just monetary surprises, will have red effects.

A second approach developed more dowly out of the new classca andyssitsf.
Initial empirical tests of Lucas s andysis gppeared to support the surprise-only
hypothesis (Lucas, 1973; Barro, 1977, 1978). Lucas (1973) himsdf realized that
monetary surprises aone could not describe the seria correlation of output characteristic
of the business cycle. He hypothesized non-monetary mechanismsinvolving optimal
investment and intertempora subgtitution in labor supply that would propagate an initid
monetary shock through time (Lucas 1975). More detailed investigations of the
monetary-surprise hypothesis, however, revealed anomalies (Barro and Rush, 1980 and
Gordon, 1990, p. 1135). Investigations of the stationarity of macroeconomic aggregates
(Nelson and Plosser, 1982) convinced many macroeconomists that monetary shocks
could not account for business cycles. If money were neutrd in the long-run it could not
induce permanent changesin redl variables. Y et redl output was, in fact, dominated by a
non-stationary component, suggesting thet redl rather than monetary shocks were the
cause of its movements. Kydland and Prescott’ s (1982) claim, that a business-cycle
modd with only red shocks better explained the data than a model with monetary
shocks, bolstered thistime-series result. In one of the main streams of macroeconomic
development, monetary policy came to be viewed asirrdevant. The rationd-
expectations hypothesis and the principle of the Lucas critique were nonethel ess now

entrenched.



Sims (1980) criticized the orthodoxy of pre-1970s policy andyss dong a second
front. A central problem in isolating the independent cauises of changesin
macroeconomic aggregatesis that the data are highly intercorrdlated. Theidedl of
orthodox modelers was the strategy developed by the Cowles Commission in the late
1940s and early 1950s (see Morgan, 1990; and Hendry and Morgan, 1995, parts |V and
VIl and the correlative sections of the introduction). The hope was to isolate invariant
(causdl) dructures usng the implications of well-grounded economic theory to provide
strong identifying redtrictions. In practice, identifying restrictions were often imposed
without firm judtification. Sims (1980) played the honest boy gazing on the emperor of
orthodox macroeconometric modding, loudly declaring that he could see no clothes. The
usud identifying assumptions were literdly “incredible’” — neither derivable from
economic theory nor plausible on other grounds.

Sims' s attack was not grounded in the new classcd analysis or the Lucas critique,
but was an independent criticism of the orthodox modeling. Nonetheless, one reaction to
the Lucas critique can be seen as an attempt to answer Smsaswell —to provide credible
identifying regtrictions. One way of deding with coefficients that shift with changing
monetary-policy regimesisto provide an accurate accounting of the actual behavior of
the policymaker and the public in terms of the so-called “deep parameters’ governing
tastes and technology and economic congtraints. Theideaisto provide a detailed,
gructurd mode of the economy grounded in individua decison-making. Although this
approach — at least in its representative-agent mode form — dominates theoretical
macroeconomics today, it has not been a notable empirical success. It founders because

it makes a giant, unwarranted legp in concluding that what might be cgptured in amodel



of unique and differentiated individuals can be scaled up to an aggregate — the
representative agent — that behavesjudt like one of the individuas, only on the scale of
the whole economy. The identifying assumptions derived on such abass arejust as
incredible as any palmed off by “structura” econometric modelers even before the dawn
of the new dassical macroeconomics.*

Sims s dternative program eschewed identification and worked instead with
unrestricted reduced-form equations— VARs. Every variablein the VAR isregarded as
endogenous. Each variable in the vector of endogenous variablesis regressed on lagged
vaues of itsdlf and of dl of the other variables. The VAR decomposes the observed
variation in the economy into random errors and systematic responses. Since the
variables are dl endogenous, the action in the economy is attributed to the random-error
terms. But Smsredlized that these errors were not themselves exogenous as they were
likely to be corrdated with one another. Severd smple algebraic transformations of the
VAR could provide decompositionsin which the errors were no longer intercorrelated by
congtruction. Then policy andyss could concentrate on the transformed error terms.
These are the exogenous “shocks.”  In the transformed system, one could easily trace out
the endogenous responses to the exogenous shocks in impul se-response functions or
quantify their influence in variance decompostions.

The difficulty with this drategy is that the orthogonalizing transformations are not
unique, but form an observationdly equivdent class. But to choose one of the

transformations from the equivalence class is to impose structure on the moddl.? Each

! Hansen and Sargent (1980) provide aclassic example of this strategy. See Kirman (1992), Hartley

§1997), and Hoover (20014, Lecture 3) for criticism of the representative-agent assumption.
Thetransformations are observationally equivalent in the sense that, having the same reduced form, they

also havethe samelikelihood. From the 1940s through the mid-1960s, whether systems of structural



transformation defines quantitatively different shocks and different responses of
endogenous variables to the shocks. The implications of a shock to monetary policy will
generdly be different depending on which transformation is chosen.

Noting the problem of observationa equivaence, Cooley and LeRoy (1985) and
Leamer (1985) argued that VARs were useful for policy andysis only to the degree that
they were themsdves structurd. Sims conceded the point, but only by degrees. The key
point in bresking down observationa equivaence was to diminate the correation among
the non-orthogondized shocks. This required structura assumptions only about the
contemporaneous variables. So-cdled “sructural VARS' retain unrestricted lagged
variables® But even the contemporaneous order needs just as much justification as any
other identifying assumption if it is not to be incredible. Y et the arguments that typicaly
support the presumed order are informa or even casud. Credibility liesin the eye of the
modeler.

The relaionship of the program of VARS to the new classical macroeconomics
was not completely worked out. Impulse-response functions modeled monetary surprises
in amanner andogous to Lucas s surprise-only approach. Sims (1982, 1986) defended
the structura VAR gpproach from the Lucas critique with the argument that the practice
of monetary policy is captured in stable (if possbly complicated) contingent rules that
change only rardy. Within any stable policy regime, the Lucas critique would not be an

issue and concentrating on the response of the economy to shocks would be the

appropriate strategy.

equations should be specified recursively or simultaneously was hotly debated (Wold 1960). The debate
fizzled when Robert Basmann (1965) demonstrated the observational equivalence of recursive and
simultaneous systems.

3 That is, unrestricted aside from the practical necessity of afinite number of lags.



Mogt quantitative analys's of monetary policy is now conducted usng VARS. But
should it be? If Lucas wasright in the first place, how does knowing the response of the
economy to shocks help the policymaker when shocks cannot be systematicaly
exploited? We cannot help but think that some practitioners want to have it both ways. to
have amethod that isimmune to the Lucas critique because its VARS are estimated over
periods in which, in fact, there have been no regime changes and, at the same time, to
formulate advice for systematic policy on the basis of the impulse-response functions of
these VARs*

Recently policy andysis usng VARs has moved past an exclusve focuson
impulse-response functions and variance decomposition. Observing that only asmal
amount of the variability of the target variables in the economy can be credited to the
shocks in monetary instruments no matter how they are identified, several economists
have sought to shift the focus to systematic policy rules® For example, one might ask
how
much of the response of the economy to a non-monetary shock (e.g., to an oil-price
shock) is direct and how much isinduced by the response of monetary policy to the
shock?

Bernanke, Gertler and Watson (1997), for example, estimate a structurd VAR and

then trace out the impul se responses when the equation governing the monetary

* See Cooley, LeRoy and Raymon (1984) and LeRoy (1995) for an argument that the practiceis, in fact,
legitimate. Cf. Hoover (1988, ch. 8, section 4; 2001b, ch. 7, section 4).

® Some notable recent papersin this vein are Taylor (1995), Rotemberg and Woodford (1997, 1998),
Bernanke, Gertler, and Watson (1997), and McCallum (1999). Inthe VARs reported in Section 5 below,

the usual variance decomposition attributes between 0.8 percent and 31 percent of the variance at aone-
year horizon (depending on the estimation period) to the monetary shock. Because the variance attributable
to each of the shocks mixes the direct effect of the random shocks with the indirect effects of the
deterministic structural elements of the VAR, these estimates form an upper bound on the real effects
attributable to unsystematic monetary policy.

10



ingrument is modified to follow the desired rule. Sims (1999), in another example,
imposes a dructure that dlows him to isolate the equations governing monetary policy in
such away that he believes he can legitimately trandfer them from aVAR estimated on
recent data to one estimated on data from before World War I1. He asks whether the
economy of the 1920s and 1930s would have developed differently if monetary policy in
the earlier period had followed the typical patterns of the later period. Both examples are
extensons tha do not fundamentally change the structural-VAR framework. But
incongstenciesremain. If Lucas s earlier assessment of monetary policy andysisis
correct, which appears to be the unstated assumption of the emphasis on shocks (see
Sections 2 and 4 below), then the counterfactual experiments are pointless. On the one
hand, if the economy isreally governed by a surprise-only aggregate-supply function and
people have rationa expectations, systematic policy, regardiess of how it reactsto
exogenous shocks, isineffective. On the other hand, if policy regimes change, then the
structurd VARs should be just as subject to the Lucas critique as earlier “ structurd”
macroeconometric models.

Our godl isto take astep to deal with these incongstencies, to assess monetary
policy inaVAR framework in away that accounts for (or, if appropriate, dismisses)
Lucas sanayssof palicy. Our gpproach is based on an empirica implementation of
Cochrane' s (1998) structura interpretation of VARS. A by-product of the exerciseisa

framework for a critical assessment of the ways VARs are used for policy andyss.
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2. A taxonomy of monetary policy

21 TheVAR and the structural VAR
Monetary policy analysisinvolves at least two connected digtinctions. systemetic versus
unsystematic policy and articipated versus unanticipated policy. To darify the
relaionships among these distinctions and their role in policy andys's, we develop a
stripped-down VAR mode and relateit to an equally stripped down macromodd.

We begin with the VAR. Two variables, which we think of as output (y;) and

money (my) depend on the histories of both variables and on random errors ?( =

(Wyt, Wit ). For smplicity, we consider only one lag of the varigbles:

Yt = OyyYe1 + CymMe1 + Wit (1)

Mt = OmyYt-1 + GmmMe-1 + Wt %))

The covariance matrix of these errorsis:

E(?t?t'):g var(w,,) cov(wyt,wmt)g ©)
gov(wywy,)  vaw,) §

Since there is no reason to believe that the error terms in equations (1) and (2) are
not correlated, the off-diagonal terms are in generd not zero. This poses a problem for
policy andyss ance it implies that we cannot distinguish the shocks. to a shock, say, the

money equation would in genera be associated with a correlated shock to the output

12



equation. A properly transformed system, however, would fit the data equdly well and
have independent error terms. For example, multiply equation (2) by

M= CoV(Wyt, Wmp)/var(wm) and subtract it from equation (1) to yield:

Ye=Pom +P.m  +P Y, X, (4)
where
Po=n (4a8)
P1=0y - My, (4b)
P,=f -, (4c)
Xy =Wy - MW, (4d)

Equations (2) and (4) condtitute a transformed mode for which the random-error terms

0= (Xyt, Wmt), are no longer correlated:

E(22,') = Var(w,) - 200wy W) + 0 var(w,) O
& 0 var(w,)

u

( ®

a
Thistranformation is the bivariate verson of the Choleski factorization. Itis
characterized by the transformation of the variance-covariance matrix into adiagond
form and by the recursive structure of the contemporaneous variables known as the Wold

causal order. Money is causaly ordered ahead of output because m; appears in equation

13



(4) and helps to determine y;, whereas y; does not appear in equation (2). The lack of
correlation between the random-error termsin the transformed system meansthat each
equation may be shocked independently. The Wold causa order means that shocks to
money transmit immediately to output, but shocks to output transmit to money only with
alag.

Unfortunatdly the Choleski factorization is not unique. If instead we had
multiplied equation (1) by d = cov(wyt, Wmt)/var(wy:) and subtracted it from equation (2),
we would have ended up with a systlem with adiagond variance-covariance matrix, abeit
with different error terms, and aWold causa order in which output was ordered ahead of
money. Thisisthe problem of observationa equivaence.

The VAR set-up hereis easily generdized to longer lags and more variables.
Higher dimensond VARs will have as many Choleski factorizetions as there are
permutations of the variables. Furthermore, the regtrictions that diagondize the variance-
covariance matrix need not be Choleski, and the equations of the transformed moded need
not be grictly recursve. Theruleisthat the sysem isidentified so long asthere are at
least as many restrictions as the number that would be imposed by a Choleski
decomposition, that is, n(n — 1)/2. When the modeler claims that the particular order of
the contemporaneous variables is the true one, the model is known as astructural VAR®
If the dlam is warranted, then we have the pleasant result of having isolated the true
independent shocksto the varigbles. When it is unwarranted, the shocks — even though

uncorrelated by construction — are linear combinations of the true shocks.

® In the simple two-variable example, there are just two Choleski orderings and one further overidentified
ordering in which the contemporaneous val ue of neither variable appearsin the two equations (i.e., the
ordinary VAR turns out to be the structural VAR). In larger systems, even when just identified or
overidentified, there may be blocks of simultaneous equations.

14



Theword “gructura” here refers only to the relatively week notion of an ordering
of contemporaneous variables. The lagged variables remain unordered (and, in a
commonsense usage, nongructurd). Yet, “sructurd VAR” in this sense has become
cast-iron idiom. We will distinguish between structurd VARs and structural
macroeconomic (or macroeconometric) models in which the invariant parameters are
identified.

Each shock to the VAR system has severd effects. (i) adirect effect on the
current vaue of the dependent variable in its own equation; (i) an effect mediated
through that variable on any equation lower in the causa order; and (iii) an infinite
sequence of effects on the future vaues of both variables, since the values of today
become the lagged vaues of tomorrow. The impulse-response function for the system of
equations (2) and (4) captures the net result of dl three effects. It iscaculated by
repeetedly subgtituting the lagged vaues of one equation into the other to eiminate the
vaiables, leaving only the error terms going infinitely far back. Thisisthe moving-
average representation of the sysem. Although in principle, the moving-average
representation involves infinitely many shock terms, it is, in practice, truncated to some
finite number. Typicdly, the impulse-response function is represented by a graph of the
effect of asngle-period unit shock on one of the variables, over time. In principle,
impulse-response functions are not invariant to the causal order of the structural VAR, so

that getting the causal order correct is criticd.
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2.2 The structural macroeconometric model
We begin the exposition of the structural macroeconometric mode with a
textbook Lucasian model. Output measured as a deviation from the mean is governed by

asurprise-only aggregate-supply curve in which output a timet (y;) depends on the

deviation of prices (pr) from pricesthat were expected att —1tohold at t ( pf):

yi=a(pe— p) + ey, (6)

where ey isawhite-noise error term, and al variables are expressed in logarithms.

Aggregate demand is assumed for convenience to be governed by a quantity equation

with velocity normdized to unity:

Pt =M — Vi, (7)

where m is the money stock, which is assumed to bein the control of the monetary

authorities and governed by amonetary-policy rule (or reaction function):

M = thiMe.1 + BYe1 + Em, (8)

where en isawhite-noise error term independent of ey:. This policy rule is afeedback

rule that alows the monetary authorities to react to the state of the rea economy, aswell

asto past vaues of the money stock. The modd is closed by assuming that price

16



expectations are formed rationaly on the basis of dl the information available up to time

t—1 (W)

pe = E(PdWea). ©)

The digtinction between systematic and unsystematic monetary policy refersto the
policymaker. In the reaction function, equation (8), systematic policy is characterized by
the choice of policy parameters, gi and g; while unsystematic policy is characterized by
the error term, e . The distinction between anticipated and unanticipated monetary
policy refersto the public. In equation (6), apolicy isunanticipated if it ddivers anon

zeropricesurprise (pr— p; * 0); itisanticipated if it ddivers no price surprise (pr— p; =

0).
The two digtinctions can be thought of as forming a two-by-two matrix asin
Table 1.
Table1. A Taxonomy of Monetary Policy
Policymaker
Sysemdic Unsystematic
Anticipaed Known policy-reaction function. Credible announcement of a
Public transitory, atypical setting of a
policy instrument.
Unaqticipa(ed Surprise change to new known Random shock to policy-reaction
policy-reaction function. function.

Each cdll provides an example of the type of policy that exemplifiesit. The fact that the

cdls dong the main diagond illudirate the most common monetary-policy actions

17



explains the frequent equivocation between systematic and anticipated policies, on the
one hand, and unsystematic and unanticipated policies, on the other. Policies are usudly
pared inthose ways. Y e, surprisngly, neither of the off-diagond cedllsisempty. One
might think at first blush that unsystematic monetary policy could not be anticipated.
Yet, if we regard the systematic dements of the reaction function as capturing whet the
monetary authorities typicaly do, we can imagine atrangtory policy action which isboth
atypicd — and, therefore, unsystematic — and yet widely expected. Past and future
Federd Reserve behavior, for example, may in the current circumstances point to a %
point rise in the Federa funds rate; yet the Federa Reserve may raise rates %2 point, as
might have been widely expected, thus causng no surprise. Theinjection of liquidity in
anticipation of the so-called “Y2K” demand may provide aless generic example. We can
distinguish between anticipated and unanticipated policy according to whether the policy
isfully captured in Wi.1. If atrangtory policy were captured in en, t, but e,  wasin fact
effectively an dement of W1, there would be no price surprise in equation (6).

The usua solution to amodd such asthat in equations (6) through (9) presumes
that only information dated a t — 1 or before can be part of the information set, Wi.;. On

that assumption, the model can be solved for y:

&l § (10)
Yi :gmg(amt -agm., - agzyt-1+eyt)

Despite the apparent influence of m over y, sysemétic policy isineffective. To seethis,

ubgtitute equation (8) into (10), to yield:

18



(11)

Wi zg_}a g(aemt +eyt)

Only the real shock to aggregate supply and e, the unsystematic part of monetary
policy, and not the systematic part (governed by ¢n and @) matters.

Equations (8) and (10) can be regarded as a structurd VAR with m
(Wold-)causally ordered ahead of y. Equation (11) can be regarded as a (degenerate)
form of the moving-average representation of thisVAR. The impulse-response function
for y to aunit monetary shock follows from equation (11) and takesthe value (1 + a ) at
period t, and zero thereefter. Inthiscase, it iseasy to see that the usud method assumes
the monetary-policy action is both unsystematic and unanticipated. This caseillustrates
the policy-ineffectiveness propogtion.

Contragt this to the case in which the monetary-policy action is unsystemetic and
anticipated. Aswe aready noted, an unsystemétic, anticipated policy is equivaent to W1
induding emnt. When e isnot known at t — 1, the rationa expectation of ny is

g,m_, +0,Y, ,; but, when en isknown at t — 1, itissmply m;. An easy way to derive the

consequence for y of an anticipated, unsystematic policy isto replace g,m_, +9,Y, ; with

m in equation (10) to yidd:

el § (10')
-—c—Z
Y gl+a g "
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The impulse response to an unsystematic shock to monetary policy is now zero for al

current and future times because the impulse is itsdlf diminated (thet is, p, - p; = 0).

2.3 Mapping between the structural macr oeconometric model and the
sructural VAR.

Turning to systematic policy, notice that an econometrician typically would not

estimate aregresson of the form of equation (10). Rather he would estimate something

like equation (4). The coefficients of equation (4) can be related to the parameters of the

sructural macroeconomic modd:

P =
° 1+a
p,=29
l1+a
P22a92
1+a
1
3 1+aeyt

If equations (6)—(9) are the true modd, then the two sets of equations (4a)—(4d) and

(44 )—4d") together provide a mapping between the true underlying parameters of the

(42)

(4b')

(4c)

(4d')

structural macroeconomic model and the reduced-form coefficients of the ordinary VAR.

Given the ethos of the structural VAR program, the assumption one knows that equations

(6)-(9) are the true modd is too strong to be believed. Y &, without this assumption, the
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congtituent parameters (a, g, @) cannot be identified separately.” A changein systematic
policy, achangein thevadue of g; or g, will change the value of one or more of the Py’ s.
Thisisthe Lucas critique:  the estimated macroeconometric relationship is not invariant

to changes in systematic policy. Such apolicy change, however, could have ared effect
only to the degree that it was unanticipated. If the change were credibly announced in
advance, then like other anticipated policies it would have no effect. If it were sorung on
the public by surprise, it would act like an unanticipated shock until it was incorporated
into the public’s expectations (see the lower left-hand cdl of

Table 1).

The Lucas critique might gppear to threaten the usefulness of the VAR
methodology in the case of changing monetary regimes - since every shift of sysematic
policy would dter not only the monetary-policy equation (equation (8)) but also the rest
of the system (here equation (4) with the coefficients defined by (4a)-(4d’)). Whileitis
true that the coefficients (the P ;' s) will change (thet is, the Structurad VAR isnon
invariant), both equations (11) and (10') (the moving-average representation of the
gructurd VAR) are invariant to the policy regime. They depend only on the parameter
a, which isnot a parameter of the policy-reaction function. The invariance of the
moving-average representations implies that the impul se-response functions are
themsdvesinvariant. The VAR isimmune to the Lucas critique not because regimes do
not in fact change but because of the assumptions that redl variables respond only to
monetary surprises and that expectations are rationd. Since equation (11) is drawn from

atransformation of the structurd VAR, the invariance result depends on having the

" If we are willing to assume the truth of the model, thengy, = P1/P,, a = (1+Pg) ™, etc.
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correct sructurd VAR. Getting the right causal structure of the contemporaneous

variablesis, therefore, crucid.

3. Rule-of-thumb and partial rational models

Although it is nat often remarked, the manner in which VARs are usudly evauated
makes sense on the assumption that Lucas s analysis of monetary policy is correct. What
ismore, only the case of unsystematic, unanticipated monetary policy istypicaly
andyzed. Thisisthe case of the policy-ineffectiveness propogtion in full force. An
older tradition saw monetary policy as having redl effects, either because expectations
were not formed rationaly or because prices did not move quickly to clear markets. To
incorporate this view into the model of the last section, we could replace equation (9)
with an adaptive-expectation scheme. This would be andogous to Lucas s non-natura
rate modd, the fail for the rationa-expectations model of his 1972 paper. Or we could
add a price adjustment equation, which is the approach implicit in the overlgpping
contract models and explicit in the modes of Fuhrer and Moore (1995) and Rotemberg
(1982, 1996), among others. A less specific approach would be to model anticipated
monetary policy more Smply as directly affecting output. Instead of equetion (6),

aggregate supply is modeled as

Yt =bm + ey. (12)

Now equations (8) and (12) form astructurd VAR. Inthe new system, the ditinction

between anticipated and unanticipated monetary policy is moot — both have an identica
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effect ony. Similarly, the Lucas critique is ingpplicable since equation (12) indicates that
expectations are not an element in peopl€' s supply responses.

The two systems (equations (8) and (10) and equations (8) and (12)) represent
extreme cases. Cochrane (1998) considers an intermediate case in which there are two
types of agentsin the economy: Lucasan agents, who have rational expectations and act
according to equations (6) and (9), and those who do not have rationd expectations and
act according to equation (12). Following his conjecture in asmplified case, we
characterize an economy with both types as a smple mixture of equations (6) and (12),

wherel isthe mixing parameter:

ye=lbme+(1-1)a(p— p7) + en. (13

Intuitively, we can regard (1 — | ) as the proportion of people in the economy who form
rational expectationsand | as the proportion who follow arule of thumb2 But thisis not
quite right Since those forming rational expectations would rationdly take account of the
responses of those who follow arule of thumb, sothat | would properly correspond to
the proportions of the two groups only if they lived on separate idands. It may
nonetheless satisfactorily capture the relative importance of their behaviors (if not their
numbers) and, when properly selected, may adequately account for the properties of the

impulse- response functions of the estimated VAR.®

8 Thisissimilar to Campbell and M ankiw’ s (1989) consumption function in which one part of the
g)opulation follows the permanent-income hypothesis and another part follows arule of thumb.

The interaction in which the rational agents take account of the responses of the non-rational agentsis part
of Haltiwanger and Waldman’s (1989) analysis. Inwork on the consumption function, Haase (1998)
demonstrates that the likely difference between a proper analysis of the interaction and a pure mixing
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The complete model consigts, then, of equations (7), (8), (9), and (13). The new
system is given by the solution for y (equation 14) and the palicy rule in equation (8),

namdy,

_élb+(-1)ad  &l-1)1-Ib)a 1

\ é V
= . + S
"Er@ 1 UV § 1+ 1)a gglm*'l 92 Y1) g+a-nadr @

M= M1 + BYe-1 + Emt. (8)

When| =1, equation (14) reducesto equation (12); and when | =0, it reducesto
equation (10). Ingenerd, when0<| <1, equations (8) and (14) form a structurd VAR.
Because of the interaction between agents with rationa expectations and those for
whom the distinction between anticipated and unanticipated monetary policy is
meaningless, the Lucas critique has red bite, except in the two extreme cases. Not only
are the estimates of the structura equations (8) and (14) not invariant, the responses of y
to monetary impulses are complicated functions of the mixing parameter, | , aswell asthe
policy parameters, g1 and go. What isworse for purposes of empiricd andysisisthat, ina
sngleregime (that is, for a particular setting of the policy parameters), | isnot identified
and cannot be estimated directly. The ingbility to measurel renders Cochrane' s analysis

critica rather than empirica. Cochrane (1998) illustrates the consequences of different

processislikely to be small, so that in this casel is probably very close to the actual proportion of the
population that does not exhibit rational-expectations/surprise-only aggregate supply behavior.
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assumptions about the value of | but provides no means of getting an empiricd handle
onit.
To make some headway, notice that, when policy is anticipated and we can,

therefore, replace g,m_, +9,Y,. , withm; equation (14) reduces to

e 1 0
By
1+(1' | )a ¢

y, =lbm+
Equation (15) isinvariant to monetary-policy regime but depends on the mixing
parameter, | . If weassumethat | isitsdf invariant to regime changes as seems

reasonable, then regime changes themsalves can be used to identify | . Intuitivey, the

identification strategy works likethis: A structura VAR (anaogous to equetions (8) and
(14)) isedimated in two or more regimes. In generd, the impulse-response functions can
be worked out from the moving-average representation of the structurd VAR only if we

assume avauefor | ; and, thus, the impulse-response functions will be different for every

different | . But since, according to equation (15), the impulse response to an anticipated

monetary shock should be identical across regimes, we search for that vaue of | that
deliversthe required identity. The details of our implementation sirategy are set out in

the next section.
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4. M easurement strategy

4.1 Deeper structures
The modd of the last section was smplified to illuminate the taxonomy of monetary
policy more clearly. To carry the sirategy just Sketched to the data, we need amore
complicated modd. Closely following Cochrane (1998), we generdize the modd in two
ways firgt, we alow interactions with a set of macroeconomic variables orthogond to
the monetary shocks; second, we dlow for the richer dynamics characteristic of the VAR
goproach. Thefind setup is designed to accommodate any macroeconomic model that
can be well represented empiricaly by aVAR.

The main focus of our approach is Cochrane's (1998) equation (8), reproduced

here with adight change of notation as

Yo = AL m, + (2~ 1)(m - E(m [W_p)]+B(L)e,, (16)

where y; denotes an output measure that belongs to a vector of non-monetary variables w,
m; denotes a monetary-policy indicator, E(.|.) is the conditional expectations operator, Wi
1istheinformation avalablea time t — 1, and ey isavector of orthogonalized, non-
monetary innovations (which include the output innovation itsdf). Theterm A(L) isa
polynomid in the lag operator L (e.g., L% = X¢.a). B(L) ispolynomid vector in thelag
operator. The parameter | takes values between 0 and 1.

Equation (13) isaparticular case of equation (16). Equations (7) and (9) can be

used to diminatetheterm (p, - p;) in eguation (13) replacing it with the term
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(m - nT) . Equation (13) has no intringc dynamics. The dynamics of the system of
equations (7)-(9) and (13) come entirely from the dynamics of the monetary-policy rule
(equation (8)). In contrast, the lag structure A(L) provides equation (16) with itsown
dynamics. The parametersa and b in equation (13) are subsumed in A(L). Theform of
the equation reflects a conception of the influence of monetary policy in which either an
anticipated shock (I my) or an unanticipated shock ((1- 1 )(m - nt’) ) is propagated by
exactly the same mechaniam: A(L). Nor-monetary impulses propagate according to their
own mechaniam: B(L). Note that, athough we have been drawing a pardldism between
equation (13) and equation (16), the latter is slent with regard to the causal structure of
the underlying mode (despite the presence of theterm | my). Itisagenerd expression
that does not redtrict the modder's choice of structura identification assumptionsin any
way. This point is made transparent in the derivation of equation (20) below.

Equation (16) can be rewritten as

Yy = AL E(M W) + AL[M - E(m [W,.,)]+B(L) e, (17)

which makesits economic interpretation easer. Theterm | A(L) describes the dynamic
response of output to anticipated monetary policy, E(myW.1). InaLucasian economy in
which everyone has rationa expectations, | = 0 and the first term of theright-hand side
of equation (17) vanishes. Theterm A(L) describes the dynamic response to

unanticipated monetary policy (m; — E(myW.1)).
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Equation (16) captures the spirit of early aggregate new classca models. Yet, it
fdls short of the quest initiated with Lucas's (1976a) “ critique’ for amodel grounded in
tastes and technology — a true microfoundationad model. That quest, we believe, is
quixatic. Either it is hopeesdy intractable — theoretically and empiricaly — if one seeks
to modd millions of individuds, or it is of dubious empiricd rdevanceif one fdls back
on the representative- agent (or even agents) assumption. To bring the representative-
agent modd to aggregate data in the form of maintained identifying assumptionsisto
impose regrictions that implicitly clam that the aggregates behave as if they were
governed by an individua scaed-up to the Sze of the economy. Such a claim beggars
belief; it is far more incredible than anything assumed by the macroeconometric modelers
of the 1960s.*°

We believe that the Lucas critique can be dedlt with only pragmaticaly. We
cannot seek invariance at the degpest microfoundationd level, but we must rather seek
relative invariance aleve or two below the aggregate macroeconomic phenomena. The
parameters of astructurd VAR are, we believe, unlikdly to be invariant. Through some
plausible, but by no means certain, assumptions, we hope to account for the most
important causes of noninvariance. The only test of our assumptions is whether or not
they appear to succeed in practice.

Cochrane (1998) dso consders amode of costly price adjustment due to
Rotemberg (1982, 1996). There can be other possibly more redlistic modelsaswel. We
prefer the model of equation (16) to the Rotemberg mode or any of the adternatives since

it makes relatively weaker (coarser) redrictions. Thereisavast number of dternative

10 See Hoover (2001a) for acritical account of the methodological foundation of the quest for
microfoundations.
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models of sticky price adjusment or models using differing non rationa- expectations
schemes of expectations formation in which the fine detalls are likely to maiter. The fact
that in equations (16) and (17) the anticipated/unanticipated monetary policy distinction
issummarized in the Sngle parameter, | , isavirtue.

The key stepsin our strategy of identification are to establish the links between
equation (16) and the structural moving average representation of w;. One would first
edimate the structurd VAR (with the presumed- correct causal order) and then invert it to

obtain

Vi =Cyn(L)ey +C (L) ey (18)

where ey is the structural monetary innovation and ey is as defined above. ™ Theterm
Cym(L) isan infinite polynomid, while Cyw(L) isan infinite polynomia vector in thelag
operator. Each of their elemerts, ¢ j «, associates movements of variablei to ashock in
varidble]j that took place k periods ago. Note that, because equation (18) is amoving-
average representation derived from astructurd VAR, the terms ¢ j o are in genera non
zerofori! j. Thetypicad Wold causd orderings that result from Choleski factorizations
impose the condition ¢;j o = Ofor dl i > j. The observationaly equivaent classisthen
defined by the permutations of the variablesindexed by i and j. Smilaly, the moving

average representation of my is,

11 Equation (18) is one row of the inverted structural VAR. Other variables are represented mutatis
mutandis by other rows. The derivationsthat follow do not require that we make specific distinction

among the elements of e, , mainly the output shock and any other non-monetary shocks.
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Equating termsin expressions (17), (18) and (19), we have

Ye = Cym (L) + Cyy(L)ey =

ALY 1 [Crm(L)en +C oy (L) ]+ (A 1 )Crmo€i } +B(L)ey

so that in generd

Cym(L) =1 A(L)Cmm(L) + (1' I )A(L)Cmmo

and smilatly,

C,.(L) =1 A(L)C,,(L) +B(L)

In aLucasan economy, for which | = 0, only the unanticipated component of

monetary policy hasred effectsresulting in,

C:ym( L) = A( L) CmmO

The factor cmmo appears as anormalization that sets the 0 order coefficient on my inthe

money equation of the VAR representation to its conventiona vaue of unity. Equation
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(23) saysthat the structura coefficients A(L) correspond to those of the usua impulse-
response function of output to an orthogonaized monetary shock. Also notethat| = 0
implies Cyw(L) = B(L), thét is, the response of output to each non-monetary shock
characterized in the structurd mode by the dements of the polynomid vector B(L),
correspond to the usua collection of impulse-response functionsin Cy(L). Inthis
Lucasian case, the monetary shock isdl thereisto the influence of monetary policy: it
garts adynamic process going but has no further effect.

The fact that the impulse-response functions for the structural macroeconometric
modd inthe Lucasan caseof | = 0 correspond to the usud impulse response functions
from the sructurd VAR highlights a point only infrequently acknowledged: the usud
methods of assessng the implications of structurd VARs implicitly assume Lucas's
surprise-only economy. Looking at the other extreme caseinwhich | = 1 demonstrates

how mideading thiscanbe. When| = 1, the equivaent to equation (23) is

Cym(L) = ALL)C,n(L) (24)

and smilatly,

C, (L) = AL)C,,, (L) +B(L) (29)

This corresponds to atraditional (pre-Lucas) structurd macroeconometric mode in
which coefficients of the VAR representation are invariant structural parameters. Here,

in contrast to the Lucasian case, amonetary shock has adirect effect asin the Lucasan
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case and an indirect feedback effect in which the monetary- policy-reaction function
captured in equation (19) systematicaly affects red variables (indicated by the termsin
square brackets on the right-hand side of equation (20)).

In the intermediate caseinwhich | * 0, some people react to anticipated
monetary policy and some with rationa expectations integrate the behavior of these rule-
of-thumb agents into their own expectations, equations (21) and (22) themselves are the
equivaent to (23). Inthis case, the conventiona impulse response of output to a shock to
avariable other than money or output (Cyw(L)) can be decomposed: the direct effect is
measured by the polynomia vector B(L), and the effect of the endogenous response of
the monetary authority is measured by the polynomia vector | A(L)Crw(L).

Equations (21) and (22) yield a set of conditions that govern the correspondence
between the coefficients of the estimated impulse-response functions, derived from the
moving-average representation of the VAR (Cjj(L)) and the structural parameters (|,

A(L), and B(L)). These conditionsare
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Cyr’r‘O = aOCmrnO

Cyml = aol Cmml + a'I CmmO
Cymk = aOI Cmmk Tt ak1I Cmml + ak("’mmO

Cyyo =gl Cryo +10yg,

nyl :aOI Cmyl + all c:r'nyO + b.ly
: (26)

Co =l Cry +ootal ¢ o1

CyWO = aol meO + bOW U

i
c...=alc._.+alc .+ 1
. it = 8l Crug t &yl Crpyo by, i'/for each dement in wexcept y

[
Couk = 8ol Crpy +o ¥ 3 ano+bmb

In principle, thereisan infinity of such conditions; in practice, they would be truncated a
some arbitrary k = K. Then, for any given vdueof | between 0 and 1, one can compute
theterms a, and bik fori T wand, k = 0,1,2,..., dthough | itself cannot be separately

identified from the set (26).

4.2 | dentification Strategy

Sincel measures the relative importance of output responses to anticipated
policy, one might quibble that more transparent and, therefore, more accurately
anticipated operating procedures for monetary policy might affect thevalueof | . These
concerns are probably secondary. In 1994, the Federa Reserve began announcing the
policy actions of the Federd Open Market Committee immediatey after its meetings.

Demirap and Jorda (2000) provide evidence that financid markets aready anticipated
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Federad Reserve policies reasonably accuratdly even in the period in which the actions
were meant to be secret.

Although it is naturd to assume that the response of output to a monetary
impulse, A(L), or to nortmonetary shocks, B(L), would remain invariant across policy
regimes, one cannot rule out other sources of parameter ingtability unrelated to monetary
policy. Such ingahility isamatter of econometric specification and, unlike the ingtability
highlighted by the Lucas critique, not amatter of endogenous economic behavior. Inany
case, the assumption of the invariance of these dynamic structures is no stronger than the
invariance assumptions typica in the literature on structura VARS.

Starting with the identifying assumptions, we must firdt identify distinct monetary
policy regimes. Lett =1, 2, ..., T index the sample period of atime series. Let Ty, ..., Ty
denote the dates that partition the sampleinto H + 1 distinct regimes corresponding to the
subsamplest = Ty.1 +1, ..., Thoforh = 1, ..., H. (By convention To = 0.) Practicaly, the
smallest of these subsamples must afford adequate degrees of freedom to estimate a
monetary VAR, the specification of which is common to al subsamples but the
parameters of which are estimated within each subsample. In practice, the VAR would
contain the variables y; and my, dong with the other variables in the vector w; that are
customarily included in monetary VARSs. To amplify the notation and the expodtion in
the derivations below, we shdl treet the VAR asincluding only y and m. Itis
straightforward to generalize our results to higher order systems.*?

Edtimates of each subsample VAR produce a set of impulse-response functions

amilar to those in expressions (18) and (19), namely

12 Although the notation is meant to suggest output and money as the variables, in Section 5 below, y shall
correspond to employment and mto the Federal funds rate.
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Y, = Cyn(L)ey, +Cy(L)ey,

m, =Crn(L)en +Cny(Le,

and consequently, H + 1 sets of conditions Smilar to those in expresson (26). To solve

for the parameters of interest | , ax and b for k = 0,1, ..., K condder solving the system of

K~ 2 equationsimplied by our subsample estimates. In particular, define Cy = [Cymo, ...

CymK, nyo, veey nyK]I where

Thet is, the vector Cy collectsthe H + 1 estimates for each of theK * 2 right-hand side

termsin expresson (26). Smilarly, define

g:mmo
X, =é..
(H+D (K+2) @ H+1
écmmo
A~1
o
€
Z, =ée.
(H+D) (K+2) @ o1
gmo

mmk

H+1
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with
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Rewriting expression (26) in terms of the auxiliary definitions (28)-(30) we have,

C,=WR+v (31)

Equation (31) representsasystem of K~ 2 equations based on asample of szeh + 1,
where the parameter vector b’ = [by, ..., bk, ..., bk 2] containsahigh number of cross
equations regtrictions implied by the relations in equation (26) and where v represents the

vector of computationa error termsfor agiven b. For example, the subvectorsb ' = [a,
lag1,...,1a@,0,..,0 fork=1,.., K adby=[lag | a1,...la,0, .., byl fork=K
+1,..., K’ 2. Inorder to cdculatethe b that satisfies equation (31) one would want to
minimize thetermsin v with some sengble loss function. A naturd candidate isthe

minimized sum of the squared deviations, which converts the problem of caculating the
parameters b in equation (31) into one of estimating apand of K~ 2 equations over H+ 1

periods with cross-equation redtrictions.
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To summarize our empirica drategy: fird, locate the sructura bresksin the
monetary-policy equation; second, estimate a structural VAR for each subsample; third,
use these VARSsto retrieve the coefficients of the moving-average representations of the
VARs (equation (27)); fourth, use these in equation (31) to estimate jointly the axs, biks
and| (explicit in equation (26)); findly, having recovered an identified structura mode
from the unidentified sructurd VAR, we arein a postion to conduct quantified policy

andyss.

5. Recovery of the Structural M odel

5.1 The Structural VAR
We draw on the extengve literature on the anadlys's of monetary policy using linear
VARs. We consdered specifications based on monthly data that would afford a
aufficiently large sample. Even though we believe that there are serious questions about
the cogency of the arguments used to judtify the identification of the causal ordering of
the structurd VAR and the typicd, abeit not universa, assumption of a Choleski
factorization, we want a specification with an established tradition in the literature to
avoid lengthy discussions regarding variable choice and structurd identification
assumptions, which would distract the reader from the main focus of this paper. We hope
to revigt thisissue in later work. From the available dterndtives, we chose the the

system origindly proposed in Christiano, Eichenbaum, and Evans (1996) and dightly
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modified and used inter alia by Evans and Marshdl (1998) and Hamilton and Jorda
(2000).2

Our data sample runs from January 1960 to January 1999. The datavector is
givenby S= [EM, P, PCOM, FF, NBRX, DM2]', where EM denctes the logarithm of
non-agriculturd payroll employment; P denotes the logarithm of the persond
consumption expenditures deflator (1996 = 100); PCOM denotes the annua growth rate
of theindex of sengtive materials prices issued by the Conference Board; FF denotes the
Federa funds rate; NBRX denotes the ratio of nonborrowed reserves plus extended credit
to total reserves, and DM2 denotes the annua growth rate of the monetary aggregate M2.
Data are seasondly adjusted. All logged data are multiplied by 100 so that impulse
responses can be interpreted directly as percent deviations. The inclusion of the variable
PCOM has now become cusomary in monetary VARS to mitigate the anomaous
responses of the price-level to monetary-policy shocks (the so-cdled "price puzzl€e'
described in Sims, 1992, and Eichenbaum, 1992). The contemporaneous variables are
causdlly ordered through a Choleski factorization in which the Wold causa order isthe
order in which the variables are written in the vector S. To conserve parsimony and
degrees of freedom, we experimented with severd lag length specifications. A lag length
of 4 seemed adequate (for example, the Durbin-Watson gtatistic for the FF equation had a

vaue of 2.0267) to capture the dynamic properties of our problem.

13 The slight modifications consist of using log employment rather than the log real gross domestic product,
the log personal-consumption-expenditure deflator rather than the log GDP price deflator, the ratio of
nonborrowed reserves to total reserves rather than log nonborrowed reserves.
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5.2 Monetary Policy Regimes
In the andyss thet follows, employment (EM) will be regarded asthe red output
measure (y in our theoretical expogtion) and the federa fundsrate (FF) as our monetary-
policy indrument (m in the theoretical expodtion).

The firgt task required by our methodology is to identify detes of monetary policy
regime shifts. Detalled indtitutiond accounts can be found inter alia in Meulendyke
(1998) and Strongin (1995). That the period from October 1979 to October 1982 isa
monetary-policy regime distinct from what came before or after is, perhaps, the most
commonly agreed fact about monetary policy regimesin the United States. Thisregime
targeted nonborrowed reserves, while the immediately preceding and following regimes
essentially targeted interest rates. The dates October 1979 to October 1982 are frequently
identified by purely satistical methods as structura bresks in short-term nomind interest
rates (see, for example, Garciaand Perron, 1996, and the references therein). Thereis,
however, consderably |ess agreement with regard to the dates of other regimes.

We rely on acombination of inditutional knowledge and the sup F tests for
structural bresks a unknown dates due to Bai and Perron (1998).1* Thesetestsarea
generdization of the well-known test of Andrews (1993). In particular, we test the
policy-reaction equation of the VAR described in the previous section inits Sructurd

form, namdy

FE =G'R, +u, h=1..,H+1 (32)
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where G;' includes a congtant; up to four lags of the vector S described in the previous
subsection, and the contemporaneous vaues of EM, P, PCOM. Theindex h refersto the
number of bresks which ddiversH + 1 possible regimes. We dlow for the possibility
that dl of the coefficients, and not just the intercept, may change.

The firg stage of the test requires that we calculate the unknown bresk dates Ty,
h=1, ..., Haong with the unknown coefficientsb, . The method suggested by Bai and
Perron (1998) requires that we specify a maximum number of possible bregk points
(which we st at eight, corresponding to at most nine distinct regimes) aswell asa
minimum Sze partition t such that T, — Th.1 > tT. We chooset = 10%, constraining the
minimum subsample size to 46 observations (this choice afforded a reasonable number of
degrees of freedom for estimation of equetion (32)).

It isimportant to highlight this particular feature because it conditions the
candidate dates for possible bregks. In particular, the beginning and end of the
nonborrowed-reserve-targeting regime (October 1979 to October 1982) are separated by
fewer than 46 observations and therefore, the regime does not afford the minimum
number of observations needed for computation. Aswe shdl see, however, thisdid not
condtitute a sgnificant impediment. The test detected bresks at June 1978 and a April
1982 which are separated by exactly the minimum 46 observations and bracket a period
that includes nearly dl of the nonborrowed reserves targeting period.

The method of estimation is based on the least-squares principle. For each h

14 We thank Jushan Bai for generously providing us with the code used in this paper to run the structural
break tests.
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partition (Ty, ..., Tw), the associated least- squares estimates for by, are obtained by

minimizing the sum of sguared resduds

T

+1 h

T
o

AlFF- G )

h-1

=g

Tl Q_)o

1 t=

Denote the resulting sum of squared resduds Sy (Ty, ..., Tw), and the estimated break

points -Il\-l,...,-fH are such that

.o (34)
Ti,...,Tw =argmin, . S(T,...,T,)

where the minimization is taken over al partitions (Ty, ..., Ty) such that Tp — Thg > tT.2°
Once the bresk dates have been estimated for the different values of H, we apply
the sup F test of the null of no structura bresks (H = 0) versus the dternative hypothesis
that thereareH (for H = 1, 2, ..., 8) breaks as well asthe sup F of the null thet there are H
+ 1 dructura breaks versusthe dternative of H breaks. The F test conssts essentidly of
the appropriately normalized retio of the sum of squared residuas under the null to the
sum of squared residual's under the aternative hypothesis'® The tests are flexible enough
that they permit lagged dependent variables as regressors as long asthe resduads are

serialy uncorrelated.!” Table 2 summarizes the results of the test.

15> The algorithm used to compute expression (16) is discussed in Bai and Perron (1996).
18 The specific form of these testsis described in section 4, Bai and Perron (1998).
17 Recall the Durbin-Watson statistic for the FF equation is 2.0267.

41



Table2. Structural Break Tests of the Monetary-Policy Equation

Number of breaks sup F(H|0) 5% Critical sup F(H+1|H) 5% Critical  AIC BIC
under thealternative, H value value
1 106.59 64.69 - - 02320 0.3027
2 125.92 58.56 119.92 68.12 01318 0.2244
3 117.20 55.52 96.80 70.21 01254 0.2785
4 106.32 53.16 96.80 71.09 0.1222  0.3540
5 123.22 50.93 90.20 7184 0.1178 04452
6 124.74 48.77 70.62 7259 0.1193 0.5882
7 102.92 46.29 46.76 73.83 0.1267 0.8151
8 88.84 42.83 52.22 74.83 01395 1.1707
Breaks Dates
1 1980:6
2 1978:6 1982:4
3 1970:4 1978:6 1982:4
4 19704 1978.6 1982:4 1986:2
5 1970:6 1974:6 1978:6 1982:4 1986:2
6 19655 1970:9 1974:5 19786 1982:4 1986:2
7 1965:5 1970:9 19745 1978:6 1982:4 1986:2
8 1965:5 1970:9 19745 1978:6 1982:4 1986:2 1989:12 1994:8

Note: the 5% critical values are extrapolated from Table |, Bai and Perron (1998).

The tests suggest that the null hypothesisis strongly rejected for dl values of H, athough
the maximum vaue of sup F(H|0) isattained for H = 2 (125.92) with H = 5,6 in close
proximity (123.22 and 124.74, respectively). The sup F (H+1|H) indicates that for H <
6, the null hypothesisis easly rgected, indicating that avaue of H = 5 would be
appropriate. These results seem to be confirmed by the information criteriac AlIC sdlectsa
more generous specification with 5 bresks whereas BIC would suggest a more
conservative specification with 2 breaks. We choose H = 5 because, for the purposes of
our exercise, there is no bias in having redundant regimes (although there may be some
loss of efficiency in the estimates of the impulse responses). The estimated bresk dates
match relaively wel with inditutional developments at the Federal Reserve, even for
vaues of h that arelarger than our fina sdection. For ingtance, in 1970 the Federal
Reserve revised its Regulation Q to diminate interest-rate ceilings on bank certificates of

deposit, and it formally adopted monetary targets with the intention to reduce inflation.
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Further developments in 1972 included the introduction of new required-reserve ratios
and the introduction of targets for the growth of money over a 6-month horizon. We
have aready commented on the nonborrowed-reserves targeting regime spanning
October 1979 to October 1982, which loosdly coincides with the June 1978 to April 1982
break dates detected. The February 1986 date can be associated with the end of VVolcker's
chairmanship. Other dates that were not selected but related to ingtitutiona changes at
the Fed include the beginning of free reserves targeting in 1966, which corresponds well
to the detected May 1965 break date. The December 1989 break date coincides with the
"Thanksgiving 1989 effect” described in Hamilton and Jorda (2000) and Demirap and
Jorda (2000). The August 1994 break date can be tied to the practice ingtituted by the Fed
in February of that year of publicly announcing changesin the federa funds rate target
after FOMC mestings.

At thisjuncture, we considered two dternatives. The dates detected by the
structural break tests can be connected broadly to conventional monetary-regime shifts
for which we have rdaively accurate documented shift-dates. 1n the end however, rather
than imposing our own priors, we decided to maintain the break dates detected by Bai
and Perron's (1998) test for H = 5 under the view thet, in practica terms, these well

known shifts may have exerted thair true effects with some lead or lag.

5.3 Egimating |
Once we have determined the dates of monetary regime shifts, it is straightforward to
compute the impulse responses of EM to shocksin FF (that isy; and my in the notation of

previous sections) aswel as shocksin P, PCOM, NBRX, and DM2 for each of theH + 1
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subsamples determined by the breaksin Table 2. Each subsample VAR hasthe same
structure. For each subsample we compute a set of impulse-response functions such as
those described in expression (27), which we then used to set up the system described by

equations (29) to (31).

Estimation of this sysem yidds an esimate of | = 0.57 with astandard error of
0.14.'® Theesimateof | provides a direct measure of the existence of the Lucas critique.
The fact that we find breaks in the monetary policy rule confirms the results of Edtrella
and Fuhrer (1999). Y et to underwrite their conclusion that the Lucas critique is not
quantitatively relevant, we would also have to have found that | = 1. Instead, we found a
vaue rather closer to the vaue for the mixing parameter between permanent-income and
rule-of-thumb consumers in Campbd | and Mankiw’s (1989) test of the consumption
function.

To understand what the estimate of | = 0.57 means consider Figure 1.1° Thetop
pand shows the output effect of an unanticipated impulseto FF on EM for three vaues
of | . An unanticipated impulse occurs when the monetary surprise term in square
bracketsin the middle term on the right-hand side of equation (17) takes a non-zero
vaue. Figure 1 plotsthe coefficients of the polynomia A(L) that provide the dynamic
response to that shock.?® The lower curve (circles) shows the function for the Lucasian

case, | =0. Except for the scale factor (Cmmo) thisisthe ordinary impulse response

18 caution should be used in interpreting this standard error. Note that the regressors of the system used to
estimate| have been generated from the subsample VARs and therefore, their sampling variation should be
incorporated when eval uating the precision of the estimated| .

19 Thisfigure is the analogue of Cochrane’s (1998, p. 294) Fig. 6. Our real variable is employment; hisis
output.



function for the structural VAR (see equation (20)). The upper curve (squares) shows the
function for the rule of thumb case, | = 1. The quantitative responses are much more
moderated in this case Since systematic monetary policy actsto offset the monetary
aurprise. Findly, the middle curve (triangles) shows the intermediate case in which the
mixing parameter takes the estimated vaue, | = 0.57. Although thisvaueis near to the
midpoint of the range of possble vauesfor | , the quantitative responses are much closer
to the rule of thumb case than to the Lucasian case, which corresponds closdly to
Cochrane' s (1998) conclusion that the economy acted more like an economy with no
rationa agents when even ardative few followed arule of thumb.

The lower pand of Figure 1 shows the output responses of EM to an anticipated
impulseto FF for thethreevauesof | . It showsthedirect effect only —that is it
corresponds to the first term on the right-hand side of equation (17) rather than to the
impulse-response function (calculated from equation (20)) that incorporates the indirect
feedback of monetary policy on EM. Each curvein the lower pand isascding of the
corresponding curve in the upper pand by the gppropriate valueof | . When| =0
(straight line marked with cirdes), thereisno response a dl: in the Lucasian world only
monetary surprises have red effects When | =1 (squares), the curveisthe same asthe
corresponding curve in the upper pand. The two messages of the pand are asfollows.
firgt, except in the Lucasian case, anticipated policy has red effects; and, second, the
direct effects of anticipated policy are uniformly more moderate than had the same policy

action been unanticipated.

201t jsworth recalling that one of our identifying assumptionsisA(L) is constant for agiven| whatever the
monetary regime, but that, in general, A(L) will be different for different!s. Because the coefficients of the
monetary policy rule do not enter into the dynamics reported here, Figure 1 isthe samefor al regimes.
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6. Evaluating Systematic M onetary Policy

With estimates of equation (16) in hand, we are now in a position to quantify the effects
of systematic monetary policy. We do thisinthreeways. first, we present a
decompodtion of the effects of monetary policy into systematic and unsystematic
responses to shocks to monetary policy and to shocks to employment; second, we
compare the estimated systematic impulse-response functions from our identified
structura macroeconometric model to the counterfactua experimentsthat Sms and Zha
(1998) suggest as measures of systemétic policy; and, finaly, we consider counterfactual
amulations of the structurd macroeconometric modd in the spirit of Sms's (1999)

counterfactud smulations.

6.1 The Systematic M onetary-Policy Component of
Impulse-Response Functions

For each policy regime, the top panel of Figure 2 plots| A(L)Cmm, which according to
equation (20) is the systematic component of the impulse-response functionfor EMtoa 1
percent positive shock to the federa fundsrate (em:). Similarly, the bottom pand plots

| A(L)Cry, which is the systematic component of the impulse-response function of EM to
a1 percent negative shock EM itsdf (eyr).

An unanticipated positive shock to the federa funds rate can be regarded as
inadvertent tightening. The top pand of Figure 2 shows that in every regimetheinitid
effect isto lower employment. In dl but the 1974-78 regime, monetary policy sustans
that tightening for some time, dthough in three of the regimesit is neutrdized or reversed

within two years. However, for the 1960- 70 regime, policy follows a pattern of sustained
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tightening so that employment is %2 percent lower after two years. A smilar, but more
subgtantia tightening occursin the 1986-99 regime: anearly 2 percent fal after two
years.

The lower-pand is perhaps more interesting for policy as it shows the systematic
monetary response to an unanticipated rea development. A fal in employment isa
surprise cooling of the economy. In two of the regimes (1970-74 and 1982-86), policy
more than reverses the shock — reaching a 1 percent increase a the end of two years. In
two of the regimes (1960- 70 and 1986-91) policy accelerates the drop in employment —
reaching around %2 percent further reduction after two years. In the remaining two
regimes, the behavior ismixed. In both the 1974-76 and 1978-82 regime, theinitia
effect isto further reduce employment. In the 1974-78 regime the employment shock is
neutralized by nine months and reversed by oneyear. Still, by the end of two yearsthe
net effect is about %2 percent further reduction. In the 1978-82 regime, thereisasgmilar
reversa by nine months, but at the end of two years employment has been raised by %2
percent. The behavior of the Federad Reserve does not correspond in any regime exactly
to William McChesney Martin’s description of the Fed as taking away the punch bowl
just as the party is getting started. Faced with adull party, the Fed, in three of the
regimes, spikes the punch and, in the other three, laces it with poison.  In every regime,

systematic monetary policy isimportant.

6.2 A Comparison to Smsand Zha's Counterfactual Experiment

A number of recent papers employ counterfactua methodologies to assess the effects of

systematic monetary policy. Sims and Zha (1998) modify the equation that they identify
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as the policy-reaction function while maintaining the rest of the equationsin atructura
VAR unchanged. The authors concede that this would be an objectionable procedure
given the Lucas critique Since it ignores the endogenous response of the public to the new
policy regime. They argue, however, that the public would require time to learn about
the new policy regime, so that the Lucas critiqueis unlikely to be operative over a
relaively short forecast horizon. Bernanke, Gertler, and Watson (1997) refine this
defense of the counterfactual procedure with the argument that the Lucas critique is more
important for some markets than for others. Their counterfactua experiments are Smilar
to those of Smsand Zha.

In practice, Sms and Zha's procedure is to replace the equation for the federd
fundsrate in the Sructurd VAR with acongtant. This amounts to afirmly maintained
target for the federa fundsrate. The rationde for ignoring the Lucas critique in this case
isequivaent to the assumption that | = 1 at least over the horizon of interest to the
policymaker. Y, thereisan inconsstency snce, as we demondgtrated in Section 4, usng
the usua structura VAR to assess the effect of monetary policy is equivaent to assuming
that | =0. Inany case, the evidence of thispaper isthat | isnather 1 nor 0. The Lucas
critique cannot be completdy ignored, athough as Figure 1 suggests it may not be
quantitatively as important as when al agents have rationa expectations. But neither
should we assume that the economy is affected only by surprisesin the monetary
indrument that have red effects as the usua impulse-response functionsimply.

Our argument is that the attempt to isolate the systemetic effects of monetary
policy through the sort of counterfactud experiment suggested by Sms and Zha (1998) is

likely to be mideading. How mideading can be seen in Figure 3 in which we compare
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edimates for each policy regime of an impulse-response function for a negative 1%

shock to EM using their methodology to calculate the systemdtic effect of monetary

policy on EM reported previoudy in Figure 2. In every case, our estimates of the
systematic effects of monetary policy are smdler in aosolute value — typicaly period-by-
period and aways by the end of two years — than those of Smsand Zha. For the 1978-82
regime, even though the two estimates end up a nearly the same vaue, the paths are

nearly mirror images of each other. For the 1986-99 regime, Sms and Zha s method
suggests that a negative employment shock is met with an increasingly large,

systematically countervailing policy response. In contrast, our estimates suggest asmall
response ratifying the shock in the midterm but offsetting it dmost completely by the end

of two years.

6.3 A Counterfactual Smulation
Sims (1999) conducts a counterfactua experiment in which he takes the monetary policy
equation from the post-war periods and insarts it into a structurd VAR for the pre-war
period. He then feeds the actua shocks from the pre-war VAR into the new “chimera’
with the intent of seeing how the economy would have fared during the Great Depression
had it had the post-war monetary policy in place — would the modern Fed have done
better than the Fed in fact did in the period between the two World Wars? This
counterfactua is open to the same objection that we raised against Sms and Zha s other
counterfactud experiment: it is an inadequate and inconsistent response to the Lucas
critique. One problem isthat the “sructurd” VAR isnot structurd enough to sustain the

counterfactua experiment in the face of the evidence that Lucas critiqueisin fact
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operative to some degree. And, as before, the usua impul se-response function makes
sense only in the surprise-only Lucasian economy of | = 0.

In contragt, to the degree that our identifying assumptions are correct, we can
perform alegitimate counterfactua experiment. Like Sms, we condder aturbulent time,
but one closer to our own time — the period at the end of the 1970s through the double-dip
recessons of the early 1980s. This isthe period of the Federa Reserve' s nonborrowed-
reserve operating regime. Our counterfactual experiment uses the shocks from the period
1978:7 to 1982:4, which is the period indicated by our break tests that essentially
overlaps the period of recessons and volatile interest rates. We refer to this period as
“Volcker (Actud),” designating it by the Federal Reserve chairman in office through
mogt of it. The shocks and appropriate initial conditions are fed into the structura
macroeconometric models identified for the regimes 1974:6 to 1978:6 (“Burns-Miller”)
and 1986:2 to 1999:1 (“Greenspan”) — each a so designated by the corresponding
Chairman of the Federal Reserve™

The results of the counterfactua experiment presented in Figure 4 are interesting
— if not completely intuitive. The shaded area digplayed on the Sx pandsin Figure 4
corresponds to the July 1980 - July 1981 recession and the origina variables of the VAR
are gppropriately transformed to be more readily interpretable®? At the start of the

recesson, the decline in employment growth is Smilar under the sewardships of

21 Recall that to identify the structural macroeconometric model, A(L) and B(L) (and, of course, | ) are
assumed to be constant across regimes. Feeding the shocks from one regimein the model for another
amounts, then, only to changing the monetary rule. Thisisalittle different from Sims's (1998) experiment.
Sims assumes that the pre-war and post-war periods are characterized by different real structures aswell as
different monetary rules.

22 The annual growth rates of employment, M2, and the nonborrowed reserve ratio as well asinflation, and
inflation in sensitive commodities, are calculated as the twelfth difference of the logarithms of the levels.
Thereal Federal Funds Rate is calculated as the nominal rate minusthe inflation rate.
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Greengpan and Volcker (somewhat more dramatic under the Burns-Miller scenario).
However, the decline in the redl federd funds rate a couple of periods into the recession
is more dramatic under VVolcker's chairmanship than it is under Greenspan’s. This hasthe
effect of reducing the fdl in employment growth much more quickly, with employment
growth attaining positive vaues eight monthsinto the recesson. By contrast, the real
federd funds rate declines much less markedly under Greengpan (the trough of this
decline is eight months into the recession) and Burns-Miller (the trough is reached five
months into the recesson ingtead), and over alonger period of time. This causes a deeper
and more protracted decline in employment growth, and a subsequent longer recovery
relaive to Volcker. Upon exiting the recession, both Greenspan and Burns- Miller
aggressively ratchet up the federd funds rate but with an eight month lag rdative to
Volcker.

The policies of both Greengpan and Burns-Miller would have held the federd
fundsrate at a subgtantialy lower level than was actudly the case under Volcker. More
important, perhaps, is that both Greenspan and the Burns-Miller would have delivered a
much less volatile federa funds rate during the recesson than Volcker actudly did. Asa
result, they would have had subgtantialy more difficulty in hitting the M2 monetary
targets that were one of the guides to monetary policy a the time even though there are
few gppreciable differences in the behavior of the nonborrowed reserves to tota reserves
ratio.

Perhaps the mogt unintuitive result of this experiment has to do with the behavior
of inflation and inflation in sengtive materids. In particular, arate of inflation for

consumer goods higher under Volcker than under the others is consstent with ardatively
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quicker recovery from the recessons. What is puzzling is why the rete of inflation for
sendtive materias should remain low under the Volcker regime but not under the others
while generd inflation accelerated.

The red outcomes are mildly surprising, snce Paul Volcker was widely regarded
as running atighter monetary policy than had his predecessors, Arthur Burns and William
Miller. The Volcker regime exhibits greater employment than would have been the case
under either the Burns-Miller or the Greenspan regimes. The correlative consegquences
for inflation — congstent with the Phillips curve — would have been lower pricesin the
two regimes with lower employment and indeed would have turned into disinflation by
the end of the period.

The difference between the configurations of employment, inflation, and interest
rates produced by Volcker’s policy compared with the dternatives is congstent with the
Federd Reserve having adjusted the federd funds rate in a manner that adapted to the
higher inflation — in effect building higher expectations of inflation into policy. What
remains difficult to understand, however, iswhy the prices of sendgtive commodities
would rise subgtantidly under the apparently tighter regimes of Greenspan and Burns-

Miller.

7. Conclusion

Our god was to undergtand, not only the nature and sgnificance of systemétic
monetary policy but aso to make some sense of the voluminous literature based in
gructurd VARs. The great tengon in the empirica analyss of monetary policy is

between the need for a structura account that can support the kind of counterfactua
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andysis needed for policy analyss and the need for modesty on the part of
meacroeconometricians in their clamsfor empirical warrant (or even credibility) for the
assumptions used to identify that structure. Lucas s origina program set a high sandard
for the requisite structurd detail. Sms'sorigind VAR program advised a high degree of
modesty. Macroeconomics has tried to steer between their competing claims ever since.
Cochrane (1998) was awarning to the structural VAR camp to steer toward the Lucas
light. What we hope to have achieved in this paper isto demondrate that there is deeper
water in thet direction.

The results of this sudy are prdiminary. We have followed other recent studies
in adopting a particular contemporaneous causa ordering of the structurd VAR. Bt this
isahighly contested area. Different causa structures could significantly affect our
results. Similarly, there remain questions about the identification of monetary policy
regimes. And there are questions not redlly addressed here at dl of how to characterize
monetary policy. We assumed that the federa funds rate was the policy instrument. It
would be worth exploring whether alarger block of monetary-policy variables could be
andyzed in asmilar manner. Findly, there are, of course, many counterfactua
experiments that we could address beyond the particular case of the early 1980s. What
we have accomplished — even in this preiminary form — isto show that thereisan
empiricaly workable template on which a more refined and comprehensive sudy can be
based.

Although preliminary, our results are interesting. Firg, the economy is best
characterized as composed of a mixture of agents, some of whom operate according to

the new classical paradigm (rationd expectations, short-run neutrdity of money) and
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some of whom agppear to follow rules of thumb. The estimate of | = 0.57 could be read
as saying L ucas was 43 percent right in his early new-classca modd of the
macroeconomy. Second, even with only haf the economy in the rule- of-thumb camp, the
economy behaves quantitatively and quditatively substantidly asif Lucas had been
wrong atogether about the unimportance of systematic and anticipated monetary
policies. Third, Lucasis correct, nonetheless, that the aggregate reactions of the
economy are conditioned on policy regimes and the andlysis of what happens when a
regime changes— in practice aswell asin theory — requires some structural knowledge.
The key assumption of this paper is that the coarse Structura knowledge suggested in
Cochrane' s decompodtion of the effects of monetary policy into anticipated and
unanticipated components is sufficient — and very likely the best that we can practicaly

accomplish — to reach substantive results.
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Figure 1: Response of Employment to the Components of a Monetary Shock
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This decomposition mirrors that in Cochrane (1998), page 294, figure 6



Figure 2: The Effects of Systematic Monetary Policy Across Regimes

Response of EM to a 1% Shock in FF due to the Systematic
Component of Monetary Policy
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Figure 3: The Monetary Amplification/Mitigation of a -1% Employment (EM) Shock to Employment:
A Comparison between Sims and Zha, and Cochrane's Decompositions
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Cochrane: denotes the difference between the traditional impulse response function from the VAR and
the orthogonal component of the response to monetary policy obtained on the basis of equation (22).

Sims and Zha: denotes the difference between the traditional impulse response function from the
VAR and the response one would obtain if the Funds variable is maintained at a constant level throughout.



Figure 4: Counterfactual Simulations
Fed Chairmen Performance During the 1979:7 - 1982:4 Period
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Note: The simulations replace the FF equation of the VAR estimated over the 1978:7 - 1982:4 period (Volcker chairmanship)
with those estimated over the 1974:6 - 1978:6 period (Burns-Miller chairmanships) and the 1986:2 - 1999:1 period (Greenspan
chairmanship). July 1980 - July 1981 recession depicted as shaded area for all graphs.



