A Service of

ECOMNZTOR pr

Make Your Publications Visible.

Leibniz-Informationszentrum
Wirtschaft

Leibniz Information Centre
for Economics

Woodford, Michael

Article

Rules for monetary policy

NBER Reporter Online

Provided in Cooperation with:

National Bureau of Economic Research (NBER), Cambridge, Mass.

Suggested Citation: Woodford, Michael (2006) : Rules for monetary policy, NBER Reporter Online,
National Bureau of Economic Research (NBER), Cambridge, MA, Iss. Spring 2006, pp. 17-22

This Version is available at:
https://hdl.handle.net/10419/61897

Standard-Nutzungsbedingungen:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen
Zwecken und zum Privatgebrauch gespeichert und kopiert werden.

Sie dirfen die Dokumente nicht fiir 6ffentliche oder kommerzielle
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich
machen, vertreiben oder anderweitig nutzen.

Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten,
gelten abweichend von diesen Nutzungsbedingungen die in der dort
genannten Lizenz gewahrten Nutzungsrechte.

WWW.ECONSTOR.EU

Terms of use:

Documents in EconStor may be saved and copied for your personal
and scholarly purposes.

You are not to copy documents for public or commercial purposes, to
exhibit the documents publicly, to make them publicly available on the
internet, or to distribute or otherwise use the documents in public.

If the documents have been made available under an Open Content
Licence (especially Creative Commons Licences), you may exercise
further usage rights as specified in the indicated licence.

Mitglied der

Leibniz-Gemeinschaft ;


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/61897
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Wealth of Cohorts” May 2003, University
of Wiconsin, mimeo.
I3 W Kopczuk, E. Saez, and J. Song,

“Earnings Mobility in the United States,
1937-2004: Evidence from Social Security

Administration Data,” work in progress.

Rules for Monetary Policy

Michael Woodford*

Much of my recent research has
sought to use economic analysis to deter-
mine the consequences of alternative
rules for the conduct of monetary policy,
and to formulate rules that will be desir-
able from the standpoint of individual
welfare. Interest in the study of mon-
etary rules has increased over the past
decade, for reasons having to do with
progress in central banking and prog-
ress in macroeconomic theory. On the
one hand, many central banks— most
notably, but not only, the “inflation tar-
geting” banks — have increasingly come
to organize their policy deliberations
around an attempt to conform to specific
targets or objectives, sometimes explic-
it quantitative targets. Moreover, cen-
tral banks worldwide have increased the
degree to which they discuss their deci-
sions with financial market participants
and the general public, and this too has
increased the importance that the banks
assign to having a clear framework to
guide their deliberations. At the same
time, the development of a new gen-
eration of quantitative macroeconomic
models — that can be estimated using
macroeconomic time series and have
optimizing foundations that allow an
explicit evaluation of outcomes in terms
of individual welfare —has allowed

* Woodford is a Research Associate in the
NBER’s Programs on Monetary Economics
and Economic Fluctuations and Growth and
the Jobn Bates Clark Professor of Political
Economy at Columbia University. His profile
appears later in this issue.

modern macroeconomic analysis to be
brought to bear on the evaluation of
stabilization policies, in the context of
models with sufficient claim to quanti-
tative realism to be of interest to policy-
making institutions. My own work has
sought to extend the analysis of optimal
monetary policy rules in directions that
bring the theoretical literature into clos-
er contact with the practical concerns of
modern central bankers.!

Inflation Stabilization and
Welfare

One goal of my research has been to
clarify which kinds of macroeconomic
stabilization objectives best serve eco-
nomic welfare. Grounding the objec-
tives of policy in consumer welfare has
a number of advantages: one avoids the
arbitrariness otherwise attendant upon
the choice of a particular definition of
“price stability, “full employment” or
other conventional objectives. And, it
also makes possible a natural integration
of the theory of optimal monetary poli-
cy with the theory of optimal taxation.
Yet it is not immediately obvious what
the conventional goals of monetary sta-
bilization policy — especially the nearly
universal emphasis that central banks
place on maintaining a low and stable
inflation rate —have to do with con-
sumer welfare; after all, the arguments
of household utility functions gener-
ally are assumed to be the quantities of
various goods and services, but not their
prices. Nonetheless, I have shown that in

4 1 Edlund and W, Kopczuk, “Women,
Wealth and Mobility,” NBER Working
Paper forthcoming.

familiar classes of sticky-price dynamic
stochastic general equilibrium (DSGE)
models — models that incorporate key
elements of the current generation of
empirical models of the monetary trans-
mission mechanism, and even some rela-
tively small complete macro models — it
is possible to show that the expected util-
ity of the representative household varies
inversely with the expected discounted
value of a quadratic loss function, the
arguments of which are measures of price
and wage inflation on the one hand and
measures of real activity relative to a
(time-varying) target level of activity on
the other.? Thus, it makes sense to rank
alternative monetary policies according
to how well they stabilize (an appropri-
ate measure of) inflation on the one
hand, and how well they stabilize (an
appropriate measure of ) the output gap
on the other. The theory clarifies both
the appropriate definition of these stabi-
lization objectives, and the appropriate
relative weights to assign to them when a
choice must be made between them.
The answer obtained depends, of
course, on the structure of the econo-
my.3 In particular, inflation variability
reduces welfare because of the presence
of nominal rigidities; the precise nature
of these rigidities determines the appro-
priate form of the inflation-stabiliza-
tion objective. For example, if wages are
flexible (or there are efficient contracts
in the labor market), and price adjust-
ments are staggered in the way assumed
in the popular specification proposed by
Guillermo Calvo?* (with an equal prob-
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ability of any given price being revised
in any time period), then inflation varia-
tion results in distortions caused by the
misalignment of prices that are adjusted
at different times. The resulting welfare
losses are proportional to the expected
discounted sum of squared deviations
of the inflation rate from zero. Other
assumptions about the timing of price
adjustments also imply that inflation
variations reduce welfare, but with a dif-
ferent form of loss function, and thus a
different ranking of equilibria in which
prices are not completely constant. For
example, if the probability of adjust-
ment of an individual price is increas-
ing in the time since that price was last
reviewed —a specification that is both
intuitively plausible and more consistent
than the simple Calvo specification with
empirical models of inflation dynam-
ics> — then welfare losses are proportion-
al to a discounted sum of squared devia-
tions of the current inflation rate from
a moving average of recent past infla-
tion rates, rather than deviations from
zero.® The goal of policy then should
be to keep inflation from differing too
greatly from the current “inertial” rate
of inflation, which implies that inflation
should not be reduced too abruptly if it
has been allowed to exceed its optimal
long-run level.” A similar conclusion is
obtained if prices are assumed to be auto-
matically indexed to a lagged price index,
as in the well-known empirical model
of Christiano, Eichenbaum, and Evans8
and related studies, or if some prices are
adjusted in accordance with a backward-
looking “rule of thumb,” as proposed in
the empirical model of inflation dynam-
ics of Jordi Gali and Mark Gertler.”?

The theory also provides important
insights into the question of which price
index or indexes it is more important
to stabilize. Again, the answer depends
on the nature of the nominal rigidities.
If prices are adjusted more frequently
in some sectors of the economy than in
others, then the welfare-theoretic loss
function puts more weight on varia-
tions in prices in the sectors where prices
are stickier, as first shown by Kosuke
Aoki.10 This provides a theoretical basis

for secking to stabilize an appropriately
defined measure of “core” inflation rath-
er than an equally weighted price index.
Pierpaolo Benigno has used reasoning of
this kind to argue that a monetary union
would maximize welfare by secking to
stabilize an index that does not weight
the different countries’ inflation rates
strictly in proportion to the size of their
economies, ! as is true of the inflation
measure used in the European Central
Bank’s definition of its price stability
objective. Similarly, if wages are sticky
as are goods prices, as implied by many
empirical DSGE models, then instabil-
ity in the rate of growth of a broad index
of nominal wages results in distortions
similar to those created by variations in
goods price inflation. If wages are stag-
gered in accordance with the Calvo spec-
ification, then the welfare-theoretic loss
function includes a term proportional to
the squared rate of goods price inflation
and another term proportional to the
squared rate of wage inflation each peri-
od. In this case, optimal policy involves a
tradeoff between inflation stabilization,
nominal wage growth stabilization, and
output-gap stabilization, as first shown
by Chris Erceg, Dale Henderson, and
Andy Levin.12

Analysis of these questions has
required careful consideration of the
conditions under which a linear-qua-
dratic (LQ) stabilization policy problem
(minimization of a quadratic loss func-
tion subject to constraints that repre-
sent the log-linearized structural rela-
tions of a DSGE model) yields a correct
local approximation to optimal policy
in the exact DSGE model. In fact, it
is not generally sufficient that the loss
function be a correct quadratic local
approximation to household utility — if
that local approximation involves non-
zero linear terms, then a correct second-
order approximation to utility cannot be
obtained by substituting into the approx-
imate objective a solution for the equi-
librium under a given policy that is accu-
rate only to first order.13 For this reason,
much of the recent literature secking to
evaluate policy rules in DSGE models
has found it necessary to compute sec-

ond-order perturbation expansions as an
approximate characterization of equilib-
rium outcomes under a given rule.

But Benigno and I have shown that
it is possible, in the case of quite a
broad class of optimal policy problems
in DSGE models, to find a quadratic
loss function that correctly approximates
expected utility under any policy, yet
involves no non-zero linear terms. In
that way, welfare can be evaluated to
second order using only a first-order
(log-linear) solution for the equilibrium
under a candidate policy.14 Essentially,
our method incorporates into the loss
function itself the second-order effects
of stabilization policy on the average
levels of endogenous variables in a sec-
ond-order perturbation solution of the
model. This allows us to consider how
the existence of steady-state distortions
(attributable either to market power or,
more importantly, to taxes) affects the
relative weights that should be placed
on alternative stabilization objectives.
Under the specifications that we regard
as most empirically realistic, the impor-
tance of inflation stabilization relative to
output-gap stabilization is increased the
more distorted is the economy’s steady-
state level of output; this is because
stabilization of inflation does more to
increase the average level of output than
does stabilization of output, and this
consideration is more important for wel-
fare the more sub-optimal is the steady-
state level of output.1>

Expectations and
Optimal Policy

My research has emphasized that,
when choosing a policy to best serve the
goal of stabilization, it is crucial to take
account of the effects of the policy’s sys-
tematic component on people’s expecta-
tions of future policy. For this reason,
my work has focused largely on the study
of policy rules: this forces one to think
about the systematic patterns that one
can expect to be anticipated by sufficient-
ly sophisticated market participants.

Taking account of the effects of sys-
tematic policy on policy anticipations
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has important consequences for the con-
clusions one reaches about optimal poli-
cy, some of which are counter-intuitive.
One fairly general result is that optimal
policy will not be purely forward-look-
ing; that is, it will not depend solely upon
what can be achieved with respect to the
stabilization objectives now, or in the
future, but also on past conditions that
no longer affect what is currently possible
to achieve. A history-dependent policy
can improve stabilization outcomes, to
the extent that it is correctly anticipat-
ed, by changing people’s expectations
about subsequent policy at the time that
economic disturbances occur. And, an
appropriate shift in expectations often
can mitigate the degree to which the dis-
turbances interfere with macroeconomic
stability.16

For example, I have shown that when
one takes account of forward-looking
behavior, it can be desirable for a central
bank to only gradually adjust its oper-
ating target for overnight interest rates
when underlying fundamentals change,
rather than jumping immediately to a
new level that depends only on current
conditions. This kind of policy iner-
tia— often argued to characterize actu-
al central bank behavior, but frequently
assumed to indicate a failure of central
bankers to fully optimize —can reduce
the amplitude of the swings in short-term
interest rates required to stabilize infla-
tion and real activity in response to real
disturbances. It allows market partici-
pants to anticipate that the movements
in short rates that occur will be more
persistent, resulting in a larger effect on
long rates and other asset prices, which
are what matter for the effect of policy on
aggregate demand.!” Hence calls for cen-
tral bankers to respond more promptly to
changes in conditions in order to avoid
“getting behind the curve” may actually
be counter-productive.

Prescriptions for purely forward-
looking policy in the name of optimiza-
tion also characterize many normative
discussions of inflation-forecast target-
ing. Central banks that base their inter-
est-rate decision on projections of the
future evolution of inflation and other

variables often are directed to choose
among alternative possible scenarios on
the basis of a purely forward-looking cri-
terion. But such an approach may lead
to time-inconsistent choices, and even
when it does not, it will almost inevitably
lead to policy that is insufficiently iner-
tial.18 An optimal outcome can in fact
often be achieved through a procedure
focused on ensuring that projections sat-
isfy an appropriate target criterion at all
times, but the criterion should be histo-
ry-dependent. The acceptable transition
path along which the inflation rate and
output gap should be projected to return
to their medium-term target levels will
depend on recent past conditions.1?
Purely forward-looking policy can be
especially harmful when the zero lower
bound on short-term nominal interest
rates is reached, as in Japan for the past
several years, and as some feared could
occur in the United States in 2003. When
the zero bound is reached, further mon-
etary stimulus is possible only by shifting
expectations about future policy. But if
policy is expected to be conducted in a
purely forward-looking way in the future,
then there will be no reason for the pub-
lic to expect looser policy in the future
simply because the zero bound currently
prevents interest rates from being cut
as sharply as would be needed to create
demand in line with the economy’s pro-
ductive capacity. Gauti Eggertsson and
I have shown that this can result in a
protracted and severe deflationary con-
traction, even when the same real funda-
mentals would be consistent with a much
more benign outcome in the case of alter-
native policy expectations. A desirable
outcome requires advance commitment
to a history-dependent policy, under
which rates will be kept unusually low for
a period of time even after fundamentals
have recovered, even though higher rates
would be called for under the latter con-
ditions if one were determined to avoid
generating inflationary pressures.20 It is
arguable that the Bank of Japan’s empha-
sis (prior to 2001) on its determination
to end loose monetary policy as quickly
as possible prolonged the Japanese defla-
tion unnecessarily.2! When the possi-

bility of a similar situation arose in the
United States, the Fed undertook a bold
experiment with policy signaling, com-
mitting to maintain a low federal funds
rate “for a considerable period” as a sub-
stitute for further interest-rate cuts. This
seems to have dissipated the market anxi-
ety about premature tightening that had
threatened to derail the U.S. recovery.22
A possible objection to advice of this
kind is that theoretical analyses of opti-
mal policy that assume a rational expec-
tations equilibrium consistent with what-
ever kind of systematic policy is adopted
exaggerate the degree of precision with
which a central bank can expect to con-
trol the expectations of market partici-
pants simply by disciplining its own pro-
cedures. In recent work, I have sought to
relax this assumption by assuming instead
only that the central bank should expect
that private-sector expectations about
the future evolution of the economy will
not be #00 far from model-consistency, as
measured by a relative-entropy criterion
(which ensures that the public will not
believe in patterns that they should be
able to reject on the basis of even short
time series). One can then characterize
the optimal policy decision of the cen-
tral bank if it wishes to choose a robust
policy —one that is not too bad even
under the worst of the outcomes that can
occur under “near-rational expectations.”
My analysis shows that the qualitative
conclusions of the rational-expectations
analysis of optimal policy continue to
apply. For example, policy commitment
continues to be important — indeed, the
losses resulting from discretionary pol-
icy are even greater in the case of allow-
ance for near-rational expectations; and
optimal policy continues to be history-
dependent —in fact, even more history-
dependent than if the central bank could
count on the publics having precisely
model-consistent expectations.23

Optimal Target Criteria for
Policy

One way of specifying a rule for the
conduct of policy that has both practical
and normative relevance is in terms of a

NBER Reporter Spring 2006 19



“target criterion” that the central bank
is committed to ensure is satisfied (or at
least, projected to be satisfied) each time
its instrument setting is reviewed.24 The
criteria used by inflation-forecast target-
ing central banks, such as the Bank of
England (which secks to ensure that CPI
inflation is always projected to reach
its target level of 2 percent per year at a
horizon two to three years in the future),
are an example of commitments of this
kind. They represent the closest approxi-
mation to the ideal of rule-based policy-
making yet observed. At the same time,
target criteria often provide an especially
convenient way of characterizing opti-
mal policy. For example, it may be pos-
sible to specify optimal policy in this
way independently of the parameters
governing the statistical properties of
the economic disturbances affecting the
economy; the target criterion is then a
particularly robust characterization of
optimal policy.

Marc Giannoni and I have shown
that in the case of a very general class
of linear-quadratic policy problems, it
is possible to derive a target criterion
that is robustly optimal in the sense
just described: a credible commitment
to ensure that the criterion holds at all
times will implement an optimal equilib-
rium, regardless of the statistical prop-
erties of the various types of exogenous
disturbances, as long as they are all addi-
tive, mean-zero disturbances.2> The pre-
cise form of the optimal target criterion
depends, however, on the non-stochastic
part of the structural equations of one’s
model of the transmission mechanism. In
the case of a canonical “New Keynesian”
model, with an aggregate-supply relation
of the kind implied by flexible wages and
Calvo-style staggered pricing, the opti-
mal target criterion is a “flexible inflation
target, under which short-run depar-
tures of the inflation rate from a con-
stant long-run target level should vary
inversely with the projected growth in
the output gap. Such a criterion would
allow inflation to increase temporari-
ly in response to a positive cost-push
shock, for example, given the expected

decline in the output gap, although the

amount that inflation should be allowed
to increase will be strictly limited by the
required proportionality between the
inflation projection and the projected
output-gap change. After the real effects
of the disturbance dissipate, the rate at
which the output gap should be returned
to zero will be determined by the neces-
sity of programming lower-than-average
inflation during a period of output-gap
growth. Anticipation of this kind of his-
tory-dependent policy should restrain
price increases during the period of high
costs, mitigating the temporary effect
of the shock on the available inflation/
output tradeoff at the cost of a slower
recovery.2® And, because the projected
medium-term growth rate of the output
gap will always be zero, a credible com-
mitment to such a criterion would never
allow ambiguity about the medium-term
outlook for inflation, despite the exis-
tence of transitory variations in the infla-
tion rate in response to shocks.

More complex (and realistic) eco-
nomic models imply that a more com-
plex target criterion would be needed
to implement a fully optimal policy. For
example, if the likelihood of a price revi-
sion increases with the time since the
last revision, then the optimal target
criterion allows the short-run inflation
projection to be an increasing function
of recent past inflation Thus tempo-
rary increases in inflation should not be
immediately reversed. (Other sources of
intrinsic inflation inertia, such as the
kind of indexation commonly assumed
in current-vintage empirical DSGE mod-
els, lead to a similar conclusion.) If wages
and prices are sticky, then the optimal
target criterion involves projected nomi-
nal wage growth as well as projected
goods price inflation.

Moreover, if a binding lower bound
on interest rates sometimes forces targets
to be missed, then the target criterion in
subsequent periods should be adjusted
in proportion to the size of the target-
ing errors. This would create the kind of
anticipations of history-dependent pol-
icy that mitigate the distortions created
by the lower-bound constraint.2”

Given the dependence of the opti-

mal target criterion on model structure,
research of this kind cannot hope to
derive a single rule that would represent
a universally optimal policy prescription.
And in any event, even a minimally real-
istic degree of complexity in one’s model
implies that a fully optimal criterion will
be more complex than any principle for
guiding policy deliberations that one
can imagine actually being adopted at
a central bank.28 Nonetheless, I believe
that the study of optimal target criteria
for fairly simple environments that cap-
ture important features of more realistic
models can suggest qualitative features
of desirable target criteria. For example,
one important conclusion from my study
of this topic is that an optimal target cri-
terion almost surely will not be focused
so exclusively on projected outcomes
two or more years in the future, as are
the criteria that currently are used at the
leading inflation-targeting central banks,
at least according to their official rheto-
ric. In a realistic model, a commitment
of this form is unlikely even to suffice
to determine an appropriate short-term
policy stance, in the absence of auxiliary
assumptions such as a constant interest
rate over the projection horizon, while
the forecast-targeting exercise is likely to
be time-inconsistent with the addition of
such an assumption.2? An approach that
is both coherent and transparent would
instead require central banks to commit
themselves in advance to clear criteria
for judging the acceptability of the tran-
sition paths along which an economy is
expected to return to its normal state fol-
lowing a disturbance.

V' These developments are described
in more detail in Interest and Prices:
Foundations of a Theory of Monetary
Policy, Princeton University Press, 2003.
2 This approach was first illustrated in
J. J. Rotemberg and M. Woodford, “An
Optimization-Based Framework for the
Evaluation of Monetary Policy” NBER
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Welfare,” NBER Working Paper No. 8071,
January 2001, and Contributions to
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