The Zero Bound on Interest Rates and Optimal
Monetary Policy *

Gauti Eggertsson Michael Woodford
International Monetary Fund Princeton University

June 26, 2003

Abstract

We consider the consequences for monetary policy of the zero floor for nominal in-
terest rates. The zero bound can be a significant constraint on the ability of a central
bank to combat deflation. We show, in the context of an intertemporal equilibrium
model, that open-market operations, even of “unconventional” types, are ineffective if
future policy is expected to be purely forward-looking. Nonetheless, a credible commit-
ment to the right sort of history-dependent policy can largely mitigate the distortions
created by the zero bound. In our model, optimal policy involves a commitment to
adjust interest rates so as to achieve a time-varying price-level target, when this is con-
sistent with the zero bound. We also discuss ways in which other central-bank actions,
while irrelevant apart from their effects on expectations, may help to make credible a
central bank’s commitment to its target
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The consequences for the proper conduct of monetary policy of the existence of a lower
bound of zero for overnight nominal interest rates has recently become a topic of lively
interest. In Japan, the call rate (the overnight cash rate that is analogous to the federal
funds rate in the U.S.) has been within 50 basis points of zero since October 1995, so that
little room for further reductions in short-term nominal interest rates has existed since that
time, and has been essentially equal to zero for most of the past four years. (See Figure 1
below.) At the same time, growth has remained anemic in Japan over this period, and prices
have continued to fall, suggesting a need for monetary stimulus. Yet the usual remedy —
lower short-term nominal interest rates — is plainly unavailable. Vigorous expansion of the
monetary base (which, as shown in the figure, is now more than twice as large, relative to
GDP, as in the early 1990s) has also seemed to do little to stimulate demand under these
circumstances.

The fact that the federal funds rate has now been reduced to only one percent in the
U.S., while signs of recovery remain exceedingly fragile, has led many to wonder if the U.S.
could not also soon find itself in a situation where interest-rate policy would no longer be
available as a tool for macroeconomic stabilization. A number of other nations face similar
questions. The result is that a problem that was long treated as a mere theoretical curiosity
after having been raised by Keynes (1936) — namely, the question of what can be done to
stabilize the economy when interest rates have fallen to a level below which they cannot be
driven by further monetary expansion, and whether monetary policy can be effective at all
under such circumstances — now appears to be one of urgent practical importance, though
one with which theorists have become unfamiliar.

The question of how policy should be conducted when the zero bound is reached — or
when the possibility of reaching it can no longer be ignored — raises many fundamental
issues for the theory of monetary policy. Some would argue that awareness of the possibility
of hitting the zero bound calls for fundamental changes in the way that policy is conducted
even when the bound has not yet been reached. For example, Krugman (2003) refers to

deflation as a “black hole”, from which an economy cannot expect to escape once it has
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Figure 1: Evolution of the call rate on uncollateralized overnight loans in Japan, and the
Japanese monetary base relative to GDP [1992 = 1.0].

been entered. A conclusion that is often drawn from this pessimistic view of the efficacy
of monetary policy under circumstances of a liquidity trap is that it is vital to steer far
clear of circumstances under which deflationary expectations could ever begin to develop
— for example, by targeting a sufficiently high positive rate of inflation even under normal
circumstances.

Others are more sanguine about the continuing effectiveness of monetary policy even
when the zero bound is reached, but frequently defend their optimism on grounds that again
imply that conventional understanding of the conduct of monetary policy is inadequate in
important respects. For example, it is often argued that deflation need not be a “black
hole” because monetary policy can affect aggregate spending and hence inflation through

channels other than central-bank control of short-term nominal interest rates. Thus there



has been much recent discussion — both among commentators on the problems of Japan,
and among those addressing the nature of deflationary risks to the U.S. — of the advantages
of vigorous expansion of the monetary base even when these are not associated with any
further reduction in interest rates, of the desirability of attempts to shift longer-term interest
rates through purchases of longer-maturity government securities by the central bank, and
even of the possible desirability of central-bank purchases of other kinds of assets. Yet if
these views are correct, they challenge much of the recent conventional wisdom regarding
the conduct of monetary policy, both within central banks and among monetary economists,
which has stressed a conception of the problem of monetary policy in terms of the appropriate
adjustment of an operating target for overnight interest rates, and formulated prescriptions
for monetary policy, such as the celebrated “Taylor rule” (Taylor, 1993), that are cast in
these terms. Indeed, some have argued that the inability of such a policy to prevent the
economy from falling into a deflationary spiral is a critical flaw of the Taylor rule as a guide
to policy (Benhabib et al., 2001).

Similarly, the concern that a liquidity trap can be a real possibility is sometimes presented
as a serious objection to another currently popular monetary policy prescription, namely
inflation targeting. The definition of a policy prescription in terms of an inflation target
presumes that there is in fact an interest-rate choice that can allow one to hit one’s target
(or at least to be projected to hit it, on average). But, some would argue, if the zero
interest-rate bound is reached under circumstances of deflation, it will not be possible to hit
any higher inflation target, as further interest-rate decreases are not possible despite the fact
that one is undershooting one’s target. Is there, in such circumstances, any point in having
an inflation target? This has frequently been offered as a reason for resistance to inflation
targeting at the Bank of Japan. For example, Kunio Okina, director of the Institute for
Monetary and Economic Studies at the BOJ, was quoted by Dow Jones News (8/11/1999)
as arguing that “because short-term interest rates are already at zero, setting an inflation
target of, say, 2 percent wouldn’t carry much credibility.”

Here we seek to shed light on these issues by considering the consequences of the zero lower



bound on nominal interest rates for the optimal conduct of monetary policy, in the context
of an explicit intertemporal equilibrium model of the monetary transmission mechanism.
While our model remains an extremely simple one, we believe that it can help to clarify
some of the basic issues just raised. We are able to consider the extent to which the zero
bound represents a genuine constraint on attainable equilibrium paths for inflation and real
activity, and to consider the extent to which open-market purchases of various kinds of assets
by the central bank can mitigate that constraint. We are also able to show how the character
of optimal monetary policy changes as a result of the existence of the zero bound, relative to
the policy rules that would be judged optimal in the absence of such a bound, or in the case
of real disturbances small enough for the bound never to matter under an optimal policy.
To preview our results, we find that the zero bound does represent an important con-
straint on what monetary stabilization policy can achieve, at least when certain kinds of real
disturbances are encountered in an environment of low inflation. We argue that the possibil-
ity of expansion of the monetary base through central-bank purchases of a variety of types
of assets does little if anything to expand the set of feasible equilibrium paths for inflation
and real activity that are consistent with equilibrium under some (fully credible) policy com-
mitment. Hence the relevant tradeoffs can correctly be studied by simply considering what
can be achieved by alternative anticipated state-contingent paths of the short-term nominal
interest rate, taking into account the constraint that this quantity must be non-negative at
all times. When we consider such a problem, we find that the zero interest-rate bound can
indeed be temporarily binding, and in such a case it inevitably results in lower welfare than

could be achieved in the absence of such a constraint.’

"'We do not here explore the possibility of relaxing the constraint by taxing money balances, as originally
proposed by Gesell (1929) and Keynes (1936), and more recently by Buiter and Panigirtzoglou (1999) and
Goodfriend (2000). While this represents a solution to the problem in theory, there are substantial practical
difficulties with such a proposal, not least the political opposition that such an institutional change would
be likely to generate. Our consideration of the optimal policy problem also abstracts from the availability
of fiscal instruments such as the time-varying tax policy recommended by Feldstein (2002). We agree with
Feldstein that there is a particularly good case for state-contingent fiscal policy as a way of dealing with a
liquidity trap, even if fiscal policy is not a very useful tool for stabilization policy more generally. Nonetheless,
we consider here only the problem of the proper conduct of monetary policy, taking as given the structure
of tax distortions. As long as one does not think that state-contingent fiscal policy can (or will) be used
to eliminate even temporary declines in the natural rate of interest below zero, the problem for monetary
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Nonetheless, we argue that the extent to which this constraint restricts possible stabi-
lization outcomes under sound policy is much more modest than the deflation pessimists
presume. Even though the set of feasible equilibrium outcomes corresponds to those that
can be achieved through alternative interest-rate policies, monetary policy is far from pow-
erless to mitigate the contractionary effects of the kind of disturbances that would make
the zero bound a binding constraint. The key to dealing with this sort of situation in the
least damaging way is to create the right kind of expectations regarding the way in which
monetary policy will be used subsequently, at a time when the central bank again has room
to maneuver. We use our intertemporal equilibrium model to characterize the kind of ex-
pectations regarding future policy that it would be desirable to create, and discuss a form
of price-level targeting rule that — if credibly committed to by the central bank — should
bring about the constrained-optimal equilibrium. We also discuss, more informally, ways in
which other types of policy actions could help to increase the credibility of the central bank’s
announced commitment to this kind of future policy.

Our analysis will be recognized as a development of several key themes of Paul Krugman’s
(1998) treatment of the same topic in these pages a few years ago. Like Krugman, we give
particular emphasis to the role of expectations regarding future policy in determining the
severity of the distortions that result from hitting the zero bound. Our primary contribution,
relative to Krugman’s earlier treatment, will be the presentation of a more fully dynamic
analysis. For example, our assumption of staggered pricing, rather than the simple hypothesis
of prices that are fixed for one period as in the analysis of Krugman, allows for richer (and
at least somewhat more realistic) dynamic responses to disturbances. In our model, unlike
Krugman’s, a real disturbance that lowers the natural rate of interest can cause output to
remain below potential for years (as shown in Figure 2 below), rather than only for a single
“period”, even when the average frequency of price adjustments is more than once per year.
These richer dynamics are also important for a realistic discussion of the kind of policy

commitment that can help to reduce economic contraction during a “liquidity trap”. In our

policy that we consider here remains relevant.



model, a commitment to create subsequent inflation involves a commitment to keep interest
rates low for a time in the future, whereas in Krugman’s model, a commitment to a higher
future price level does not involve any reduction in future nominal interest rates. We are also
better able to discuss questions such as how the creation of inflationary expectations during
the period that the zero bound is binding can be reconciled with maintaining the credibility
of the central bank’s commitment to long-run price stability.

Our dynamic analysis also allows us to further clarify the several ways in which the
management of private-sector expectations by the central bank can be expected to mitigate
the effects of the zero bound. Krugman emphasizes the fact that increased expectations
of inflation can lower the real interest rate implied by a zero nominal interest rate. This
might suggest, however, that the central bank can affect the economy only insofar as it
affects expectations regarding a variable that it cannot influence except quite indirectly;
and it might also suggest that the only expectations that should matter are those regarding
inflation over the relatively short horizon corresponding to the short-term nominal interest
rate that has fallen to zero. Such interpretations easily lead to skepticism about the practical
effectiveness of the expectational channel, especially if inflation is regarded as being relatively
“sticky” in the short run. Our model is instead one in which expectations affect aggregate
demand through several channels. First of all, it is not merely short-term real interest
rates that matter for current aggregate demand; our model of intertemporal substitution
in spending implies that the entire expected future path of short real rates should matter,

2 This means that the creation of

or alternatively that very long real rates should matter.
inflation expectations, even with regard to inflation that should occur only more than a
year in the future, should also be highly relevant to aggregate demand, as long as it is not

accompanied by correspondingly higher expected future nominal interest rates. Furthermore,

2In the simple model presented here, this occurs solely as a result of intertemporal substitution in private
expenditure. But there are a number of reasons to expect long rates, rather than short rates, to be the
critical determinant of aggregate demand. For example, in an open-economy model, the real exchange rate
becomes an important determinant of aggregate demand. But the real exchange rate should be closely linked
to a very long domestic real rate of return (or alternatively, to the expected future path of short rates) as a
result of interest-rate parity, together with an anchor for the expected long-term real exchange rate (coming,
for example, from long-run purchasing-power parity).



the expected future path of nominal interest rates matters, and not just their current level,
so that a commitment to keep nominal interest rates low for a longer period of time should
stimulate aggregate demand, even when current rates cannot be further lowered, and even
under the hypothesis that inflation expectations would remain unaffected. Since the central
bank can clearly control the future path of short-term nominal interest rates if it has the
will to do so, any failure of such a commitment to be credible will not be due to skepticism
about whether the central bank is able to follow through on its commitment.

The richer dynamics of our model are also important for the analysis of optimal policy.
Krugman mainly addresses the question whether monetary policy is completely impotent
when the zero bound binds, and argues for the possibility of increasing real activity in the
“liquidity trap” by creating expectations of inflation. This conclusion in itself, however (with
which we agree), does not answer the question whether, or to what extent, it should actually
be desirable to create such expectations, given the well-founded reasons that the central bank
should have to not prefer inflation at a later time. Nor is Krugman’s model well-suited to
address such a question, insofar as it omits any reason for even an extremely high degree of
subsequent inflation to be harmful. Our model with staggered pricing, instead, implies that
inflation (whether anticipated or not) creates distortions, and justifies an objective function
for stabilization policy that trades off inflation stabilization and output-gap stabilization in
terms that are often assumed to represent actual central-bank concerns. We characterize
optimal policy in such a setting, and show that it does indeed involve a commitment to
history-dependent policy of a sort that should result in higher inflation expectations in
response to a binding zero bound. We can also show to what extent it should be optimal
to create such expectations, assuming that this is possible. We find, for example, that it is
not optimal to commit to so much future inflation that the zero bound ceases to bind, even
though this is one possible type of equilibrium; this is why the zero bound does remain a

relevant constraint, even under an optimal policy commitment.



1 Is “Quantitative Easing” a Separate Policy Instru-
ment?

A first question that we wish to consider is whether expansion of the monetary base rep-
resents a policy instrument that should be effective in preventing deflation and associated
output declines, even under circumstances where overnight interest rates have fallen to zero.
According to the famous analysis of Keynes (1936), monetary policy ceases to be an effective
instrument to head off economic contraction in a “liquidity trap,” that can arise if interest
rates reach a level so low that further expansion of the money supply cannot drive them
lower. Others have argued that monetary expansion should increase nominal aggregate de-
mand even under such circumstances, and the supposition that this is correct lies behind the
explicit adoption in Japan since March 2001 of a policy of “quantitative easing” in addition
to the “zero interest-rate policy” that continues to be maintained.?

Here we consider this question in the context of an explicit intertemporal equilibrium
model, in which we model both the demand for money and the role of financial assets
(including the monetary base) in private-sector budget constraints. The model that we use
for this purpose is more detailed in several senses than the one used in subsequent sections
to characterize optimal policy, in order to make it clear that we have not excluded a role
for “quantitative easing” simply by failing to model the role of money in the economy. The
model is discussed in more detail in Woodford (2003, chapter 4), where the consequences
of various interest-rate rules and money-growth rules are considered under the assumption
that disturbances are not large enough for the zero bound to bind.

Our key result is an irrelevance proposition for open market operations in a variety of
types of assets that might be acquired by the central bank, under the assumption that the
open market operations do not change the expected future conduct of monetary or fiscal
policy (in senses that we make precise below). It is perhaps worth stating from the start

that our intention in stating such a result is not to vindicate the view that a central bank

3See Kimura et al. (2002) for discussion of this policy, as well as an expression of doubts about its
effectiveness.



is powerless to halt a deflationary slump, and hence to absolve the Bank of Japan, for
example, from any responsibility for the continuing stagnation in that country. While our
proposition establishes that there is a sense in which a “liquidity trap” is possible, this
does not mean that the central bank is powerless under the circumstances that we describe.
Rather, the point of our result is to show that the key to effective central-bank action to
combat a deflationary slump is the management of expectations. Open-market operations
should be largely ineffective to the extent that they fail to change expectations regarding
future policy; the conclusion that we draw is not that such actions are futile, but rather that
the central bank’s actions should be chosen with a view to signalling the nature of its policy

commitments, and not in order to create some sort of “direct” effects.

1.1 A Neutrality Proposition for Open-Market Operations

Our model abstracts from endogenous variations in the capital stock, and assumes perfectly
flexible wages (or some other mechanism for efficient labor contracting), but assumes monop-
olistic competition in goods markets, and sticky prices that are adjusted at random intervals
in the way assumed by Calvo (1983), so that deflation has real effects. We assume a model
in which the representative household seeks to maximize a utility function of the form

o0

Et Z ﬁTft

T=t

u(Co M/ Pi) = [ o( )i €0d5).

where C; is a Dixit-Stiglitz aggregate of consumption of each of a continuum of differentiated

goods,

1, 5
Cy = {/ ct(z)“dz] ,
0
with an elasticity of substitution equal to 8 > 1, M; measures end-of-period household money

balances,? P, is the Dixit-Stiglitz price index,

1

P = [/Olpt(i)l_gdi]l_e (1.1)

4We shall not introduce fractional-reserve banking into our model. Technically, M, refers to the monetary
base, and we represent households as obtaining liquidity services from holding this base, either directly or
through intermediaries (not modelled).



and H,(j) is the quantity supplied of labor of type j. (Each industry j employs an industry-
specific type of labor, with its own wage w;(j).) Real balances are included in the utility
function, following Sidrauski (1967) and Brock (1974, 1975), as a proxy for the services that
money balances provide in facilitating transactions.’

For each value of the disturbances &, u(-, ;&) is concave function, increasing in the first
argument, and increasing in the second for all levels of real balances up to a satiation level
m(Cy; &). The existence of a satiation level is necessary in order for it to be possible for
the zero interest-rate bound ever to be reached; we regard Japan’s experience over the past
several years as having settled the theoretical debate over whether such a level of real balances
exists. Unlike many papers in the literature, we do not assume additive separability of the
function u between the first two arguments; this (realistic) complication allows a further
channel through which money can affect aggregate demand, namely an effect of real money
balances on the current marginal utility of consumption. Similarly, for each value of &, v(+; &)
is an increasing convex function. The vector of exogenous disturbances & may contain several
elements, so that no assumption is made about correlation of the exogenous shifts in the
functions v and v.

For simplicity we shall assume complete financial markets and no limits on borrowing
against future income. As a consequence, a household faces an intertemporal budget con-
straint of the form

E, Z Qur[PrCr + 6pMyp] < Wi + E, Z Qv
T—t
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looking forward from any period ¢. Here @), 7 is the stochastic discount factor by which the
financial markets value random nominal income at date 7" in monetary units at date ¢, J; is
the opportunity cost of holding money (equal to i;/(1 + i;), where i, is the riskless nominal

interest rate on one-period obligations purchased in period ¢, in the case that no interest

5We use this approach to modelling the transactions demand for money because of its familiarity. As
shown in Woodford (2003, appendix section A.16), a cash-in-advance model leads to equilibrium conditions
of essentially the same general form, and the neutrality result that we present below would hold in essentially
identical form were we to model the transactions demand for money after the fashion of Lucas and Stokey
(1987).
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is paid on the monetary base), W; is the nominal value of the household’s financial wealth
(including money holdings) at the beginning of period ¢, II;(7) represents the nominal profits
(revenues in excess of the wage bill) in period t of the supplier of good i, w;(j) is the nominal
wage earned by labor of type j in period ¢, and T}* represents the net nominal tax liabilities
of each household in period t.

Optimizing household behavior then implies the following necessary conditions for a
rational-expectations equilibrium. Optimal timing of household expenditure requires that
aggregate demand Y, for the composite good® satisfy an Euler equation of the form

by

)
P
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where 4, is the riskless nominal interest rate on one-period obligations purchased in period t.
Optimal substitution between real money balances and expenditure leads to a static

first-order condition of the form

Um(ﬁ;Mt/Pt;ft) _ Ut
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under the assumption that zero interest is paid on the monetary base, and that preferences
are such that we can exclude the possibility of a corner solution with zero money balances.
If both consumption and liquidity services are normal goods, this equilibrium condition can
be solved uniquely for the level of real balances L(Y}, ;&) that satisfy it in the case of any
positive nominal interest rate.” The equilibrium relation can then equivalently be written as
a pair of inequalities

M,

B > L(Yy,15&), (1.3)

iy >0, (1.4)
together with the “complementary slackness” condition that at least one must hold with
equality at any time. (Here we define L(Y,0;&) = m(Y;¢), the minimum level of real

balances for which u,, = 0, so that the function L is continuous at i = 0.)

SFor simplicity, we here abstract from government purchases of goods. Our equilibrium conditions directly
extend to the case of exogenous government purchases, as shown in Woodford (2003, chap. 4).

"In the case that i; = 0, L(Y;,0;&;) is defined as the minimum level of real balances that would satisfy
the first-order condition, so that the function L is continuous.
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Household optimization similarly requires that the paths of aggregate real expenditure

and the price index satisfy the bounds

[e.9]

Z ﬁTEt [U’C<YT7 MT/PT; fT)YT + um(YT7 MT/PT; fT)(MT/PT)] < 0, (1-5)
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looking forward from any period ¢, where D, measures the total nominal value of govern-
ment liabilities (monetary base plus government debt) at the end of period ¢. under the
monetary-fiscal policy regime. (Condition (1.5) is required for the existence of a well-defined
intertemporal budget constraint, under the assumption that there are no limitations on
households’ ability to borrow against future income, while the transversality condition (1.6)
must hold if the household exhausts its intertemporal budget constraint.) Conditions (1.2)
— (1.6) also suffice to imply that the representative household chooses optimal consumption
and portfolio plans (including its planned holdings of money balances) given its income ex-
pectations and the prices (including financial asset prices) that it faces, while making choices
that are consistent with financial market clearing.

Each differentiated good ¢ is supplied by a single monopolistically competitive producer.
There are assumed to be many goods in each of an infinite number of “industries”; the goods
in each industry j are produced using a type of labor that is specific to that industry, and
also change their prices at the same time. Each good is produced in accordance with a
common production function

ye(1) = A f (he(i)),
where A; is an exogenous productivity factor common to all industries, and h;(i) is the
industry-specific labor hired by firm 7. The representative household supplies all types of
labor as well as consuming all types of goods.®

The supplier of good 7 sets a price for that good at which it supplies demand each period,

hiring the labor inputs necessary to meet any demand that may be realized. Given the

8We might alternatively assume specialization across households in the type of labor supplied; in the
presence of perfect sharing of labor income risk across households, household decisions regarding consumption
and labor supply would all be as assumed here.
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allocation of demand across goods by of households in response to firm pricing decisions, on
the one hand, and the terms on which optimizing households are willing to supply each type
of labor on the other, we can show that the nominal profits (sales revenues in excess of labor

costs) in period t of the supplier of good i are given by a function

H(pt(i),pi, P, Y, M/ P, ét) = pt(i)Yt(pt(@')/Ptye

_Uh(f_l(Yt(pg/Pt)_e/At); &)
UC(Y;, Mt/Pta gt)

P f~ (Yolp(0)/P) ™" [ Ad),

where p! is the common price charged by the other firms in industry j.° (We introduce
the notation ét for the complete vector of exogenous disturbances, including variations in
technology as well as preferences.) If prices were fully flexible, p;(i) would be chosen each
period to maximize this function.

Instead we suppose that prices remain fixed in monetary terms for a random period of
time. Following Calvo (1983), we suppose that each industry has an equal probability of
reconsidering its prices each period, and let 0 < a < 1 be the fraction of industries with
prices that remain unchanged each period. In any industry that revises its prices in period ¢,
the new price p; will be the same. This price is implicitly defined by the first-order condition

oo
E; {Tz:t o' Q111 (pf, p}, Pr; Yr, Mr/ Pr, gT)} = 0. (1.7)
We note furthermore that the stochastic discount factor used to price future profit streams

will be given by

u.(Cr, Mr/Pr;&r)
Uc(ct, Mt/Pt;ft) .

Finally, the definition (1.1) implies a law of motion for the aggregate price index of the form

Qur=0"" (1.8)

_1
Po=[(1=a)p" +aP ] (1.9)

Equations (1.7) and (1.9) jointly determine the evolution of prices given demand conditions,

and represent the aggregate-supply block of our model.

9n equilibrium, all firms in an industry charge the same price at any time. But we must define profits
for an individual supplier 7 in the case of contemplated deviations from the equilibrium price.
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It remains to specify the monetary and fiscal policies of the government.!® In order to
address the question whether “quantitative easing” represents an additional tool of policy,
we shall suppose that the central bank’s operating target for the short-term nominal interest

rate is determined by a feedback rule in the spirit of the Taylor rule (Taylor, 1993),

i = Cb(Pt/Pt—hYt;gt)a (1-10)

where now & may also include exogenous disturbances in addition to the ones listed above,
to which the central bank happens to respond. We shall assume that the function ¢ is non-
negative for all values of its arguments (otherwise the policy would not be feasible, given
the zero lower bound), but that there are conditions under which the rule prescribes a zero
interest-rate policy. Such a rule implies that the central bank supplies the quantity of base
money that happens to be demanded at the interest rate given by this formula; hence (1.10)
implies a path for the monetary base, in the case that the value of ¢ is positive. However,
under those conditions in which the value of ¢ is zero, the policy commitment (1.10) implies
only a lower bound on the monetary base that must be supplied. In these circumstances, we
may ask whether it matters whether a greater or smaller quantity of base money is supplied.

We shall suppose that the central bank’s policy in this regard is specified by a base-supply

rule of the form

M, = PL(Y;, ¢(Py) Pr1, Y2; &); €0V (Pe) Pt Yis &), (1.11)

where the multiplicative factor ¢ satisfies

(i) w(Pt/Pt—hY};ét) > 1,

10Tt is important to note that the specification of monetary and fiscal policy in the particular way that we
propose here is not intended to suggest that either monetary or fiscal policy must be expected to be conducted
according to rules of the sort assumed here. Indeed, in later sections of this paper, we recommend policy
commitments on the part of both monetary and fiscal authorities that do not conform to the assumptions
made in this section. The point is to define what we mean by the qualification that open-market operations
are irrelevant if they do not change expected future monetary or fiscal policy. In order to make sense of such
a statement, we must define what it would mean for these policies to be specified in a way that prevents
them from being affected by past open-market operations. The specific classes of policy rules discussed here
show that our concept of “unchanged policy” is not only logically possible, but that it could correspond to
a policy commitment of a fairly familiar sort, one that would represent a commitment to “sound policy” in
the views of some.
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(ii) w(Pt/Pt—l,K%;éﬁ =11if ¢(Pt/Pt—1,K;ét) >0
for all values of its arguments. (Condition (ii) implies that ¢» = 1 whenever i; > 0.) Note
that a base-supply rule of this form is consistent with both the interest-rate operating target
specified in (1.10) and the equilibrium relations (1.3) — (1.4). The use of “quantitative
easing” as a policy tool can then be represented by a choice of a function 1 that is greater
than 1 under some circumstances.

It remains to specify which sort of assets should be acquired (or disposed of) by the
central bank when it varies the size of the monetary base. We shall suppose that the asset
side of the central-bank balance sheet may include any of k different types of securities,
distinguished by their state-contingent returns. At the end of period ¢, the vector of nominal
values of central-bank holdings of the various securities is given by Mw;", where w;" is a
vector of central-bank portfolio shares. These shares are in turn determined by a policy rule

of the form

Wit =W (Pi/ P, Y &), (1.12)

where the vector-valued function w™(-) has the property that its components sum to 1 for
all possible values of its arguments. The fact that w™(-) depends on the same arguments as
¢(-) means that we allow for the possibility that the central bank changes its policy when the
zero bound is binding (for example, buying assets that it would not hold at any other time);
the fact that it depends on the same arguments as v(-) allows us to specify changes in the
composition of the central-bank portfolio as a function of the particular kinds of purchases
associated with “quantitative easing.”

The payoffs on these securities in each state of the world are specified by exogenously
given (state-contingent) vectors a; and b, and matrix F;. A vector of asset holdings z;_;
at the end of period t — 1 results in delivery to the owner of a quantity ajz;_; of money,
a quantity bjz;_; of the consumption good, and a vector Fiz;_; of securities that may be
traded in the period ¢ asset markets, each of which may depend on the state of the world in

period t. This flexible specification allows us to treat a wide range of types of assets that
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may differ as to maturity, degree of indexation, and so on.!!
The gross nominal return R;(j) on the jth asset between periods ¢ — 1 and ¢ is then given

by
a(j) + Pibe(j) + g Fi (- 5)
Qt—l(j)

where ¢, is the vector of nominal asset prices in (ex-dividend) period ¢ trading. The absence

Rt(.j) =

, (1.13)

of arbitrage opportunities implies as usual that equilibrium asset prices must satisfy

T—-1
G = Y. BQurlay+Pbr] [ F., (1.14)
T>t+1 s=t+1

where the stochastic discount factor is again given by (1.8). Under the assumption that
no interest is paid on the monetary base, the nominal transfer by the central bank to the

Treasury each period is equal to
TP = Rw™ My, — My, (1.15)

where R; is the vector of returns defined by (1.13).

We specify fiscal policy in terms of a rule that determines the evolution of total gov-
ernment liabilities D;, here defined to be inclusive of the monetary base, as well as a rule
that specifies the composition of outstanding non-monetary liabilities (debt) among differ-
ent types of securities that might be issued by the government. We shall suppose that the

evolution of total government liabilities is in accordance with a rule of the form

Dy (Dt—l I

=ty :
B Py P

,Yt;é> , (1.16)
which specifies the acceptable level of real government liabilities as a function of the pre-
existing level of real liabilities and various aspects of current macroeconomic conditions.

This notation allows for such possibilities as an exogenously specified state-contingent target

HFor example, security j in period ¢ — 1 is a one-period riskless nominal bond if b;(j) and Fy(-,5) are zero
in all states, while a;(j) > 0 is the same in all states. Security j is instead a one-period real (or indexed)
bond if a;(j) and Fi(-, j) are zero, while b;(j) > 0 is the same in all states. It is a two-period riskless nominal
pure discount bond if instead a.(j) and b.(j) are zero, Fi(i,7) = 0 for all i # k, Fy(k,j) > 0 is the same in
all states, and security k£ in period ¢ is a one-period riskless nominal bond.
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for real government liabilities as a proportion of GDP, or for the government budget deficit
(inclusive of interest on the public debt) as a share of GDP, among others.

The part of total liabilities that consists of base money is specified by the base rule (1.11).
We suppose, however, that the rest may be allocated among any of a set of different types of
securities that may be issued by the government; for convenience, we assume that this is a
subset of the set of k£ securities that may be purchased by the central bank. If w]ft indicates
the share of government debt (i.e., non-monetary liabilities) at the end of period ¢ that is of

type j, then the flow government budget constraint takes the form
Dy = Riw/ By = T;" = T},

where B, = D, — M, is the total nominal value of end-of-period non-monetary liabilities,
and T} is the nominal value of the primary budget surplus (taxes net of transfers, if we
abstract from government purchases). This identity can then be inverted to obtain the net
tax collections T} implied by a given rule (1.16) for aggregate public liabilities; this depends
in general on the composition of the public debt as well as on total borrowing.

Finally, we suppose that debt management policy (i.e., the determination of the compo-
sition of the government’s non-monetary liabilities at each point in time) is specified by a
function

wi =W (P/P_1, Y3 &), (1.17)

specifying the shares as a function of aggregate conditions, where the vector-valued function
w' also has components that sum to 1 for all possible values of its arguments. Together,
the two relations (1.16) and (1.17) complete our specification of fiscal policy, and close our
model.?

We may now define a rational-expectations equilibrium as a collection of stochastic pro-

cesses {p}, P, Yi, i, g, My, )™, Dy, wtf }, with each endogenous variable specified as a function

12WWe might, of course, allow for other types of fiscal decisions from which we abstract here — government
purchases, tax incentives, and so on — some of which may be quite relevant to dealing with a “liquidity
trap.” But our concern here is solely with the question of what can be achieved by monetary policy; we
introduce a minimal specification of fiscal policy only for the sake of closing our general-equilibrium model,
and in order to allow discussion of the fiscal implications of possible actions by the central bank.
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of the history of exogenous disturbances to that date, that satisfy each of conditions (1.2) —
(1.6) of the aggregate-demand block of the model, conditions (1.7) and (1.9) of the aggregate-
supply block, the asset-pricing relations (1.14), conditions (1.10) — (1.12) specifying monetary
policy, and conditions (1.16) — (1.17) specifying fiscal policy each period. We then obtain

the following irrelevance result for the specification of certain aspects of policy.

PROPOSITION. The set of paths for the variables {p;, P, Y3, i+, ¢:, D} that are consistent
with the existence of a rational-expectations equilibrium are independent of the specification

of the functions 1 in equation (1.11), w™ in equation (1.12), and w’ in equation (1.17).

The reason for this is fairly simple. The set of restrictions on the processes {p;, P;, Y3, i+, ¢t, D¢}
implied by our model can be written in a form that does not involve the variables { M;, w]", w! 1
and hence that does not involve the functions 1, w™, or w/.

To show this, let us first note that for all m > m(C;¢),
u(C,m; §) = u(C,m(C;8);€),

as additional money balances beyond the satiation level provide no further liquidity services.
By differentiating this relation, we see further that u.(C,m;¢) does not depend on the exact
value of m either, as long as m exceeds the satiation level. It follows that in our equilibrium

relations, we can replace the expression u.(Y;, M;/P;; &) by

)\(Yu Pt/Pt—1; ft) = Uc(Kt, L(Yta ¢(Pt/Rf—17 Y ft)? ft)? ft)a

using the fact that (1.3) holds with equality at all levels of real balances at which u. depends
on the level of real balances. Hence we can write u, as a function of variables other than
M,/ P,, without using the relation (1.11), and so in a way that is independent of the function
1.

We can similarly replace the expression u,,(Y;, M;/P;;&)(M,;/P;) that appears in (1.5)
by

,U(Yt, Pt/Pt—1; ft) = Um(Yt, L(Yt, ¢(Pt/Pt—17 Yi; ft)§ ft)? ft)L(Yt? ¢(Pt/Pt—1, Yi; ft); &)a
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since M;/P, must equal L(Y;, &(P;/Pi—1,Ys;&);&) when real balances do not exceed the
satiation level, while u,, = 0 when they do. Finally, we can express nominal profits in period

t as a function

ﬁ(pt(i)upgv P Y, Pt/Ptfl’ ét)a

after substituting A(Y;, P,/ P,_1; &) for the marginal utility of real income in the wage demand
function that is used (see Woodford, 2003, chapter 3) in deriving the profit function II. Using
these substitutions, we can write each of the equilibrium relations (1.2), (1.5), (1.6), (1.7),
and (1.14) in a way that no longer makes reference to the money supply.

It then follows that in a rational-expectations equilibrium, the variables {p}, P;, Yz, it, q¢, Dy }

must each period satisfy the relations

. P
)\(Y;typt/Ptfﬁgt) = [BE; )‘(K+17Pt+1/Pt§€t+l)(1+Zt)Pt ) (1~18)
t+1
> BYE N Yr, Pr/Pr_1;&r)Yr + u(Yr, Pr/Pr_1;&r)] < oo, (1.19)
T=t
Jim. BYEJ N Yr, Pr/Pr_1;ér)Dr/Pr] =0, (1.20)
P

T-1
S BT ENYr, Pr/Pr_y; &) [Prlan + V5] [ (1.21)

T>t+1 s=t+1

, p—
% )\<Ytapt/Pt71§€t)

E, {Zmﬁ)“A(YT, Pr/Pr_y; &) P (pf, v}, Prs Yo, PT/PTl,éT)} =0, (1.22)

T=t

along with relations (1.9), (1.10), and (1.16) as before. Note that none of these equations
involve the variables { M, w]", w! }, nor do they involve the functions ¢, w™, or w’.
Furthermore, this is the complete set of restrictions on these variables that are required
in order for them to be consistent with a rational-expectations equilibrium. For given any
processes {p;, P, Yy, iy, i, Dy } that satisfy the equations just listed in each period, the implied
path of the money supply is given by (1.11), which clearly has a solution; and this path for
the money supply necessarily satisfies (1.3) and the complementary slackness condition, as a
result of our assumptions about the form of the function . Similarly, the implied composition

of the central-bank portfolio and of the public debt at each point in time are given by (1.12)
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and (1.17). We then have a set of processes that satisfy all of the requirements for a rational-

expectations equilibrium, and the result is established.

1.2 Discussion

This proposition implies that neither the extent to which quantitative easing is employed
when the zero bound binds, nor the nature of the assets that the central bank may pur-
chase through open-market operations, has any effect on whether a deflationary price-level
path will represent a rational-expectations equilibrium. Hence the notion that expansions
of the monetary base represent an additional tool of policy, independent of the specifica-
tion of the rule for adjusting short-term nominal interest rates, is not supported by our
general-equilibrium analysis of inflation and output determination. If the commitments of
policymakers regarding the rule by which interest rates will be set on the one hand, and
the rule which total private-sector claims on the government will be allowed to grow on the
other, are fully credible, then it is only the choice of those commitments that matters. Other
aspects of policy should matter in practice, then, only insofar as they help to signal the
nature of policy commitments of the kind just mentioned.

Of course, the validity of our result depends on the reasonableness of our assumptions,
and these deserve further discussion. Like any economic model, ours abstracts from the
complexity of actual economies in many respects. This raises the question whether we may
have abstracted from features of actual economies that are crucial for a correct understanding
of the issues under discussion.

Many readers may suspect that an important omission is the neglect of “portfolio-balance
effects,” which play an important role in much recent discussion of the policy options that
would remain available to the Fed in the event that the zero bound is reached by the federal
funds rate.'®> The idea is that a central bank should be able to lower longer-term interest
rates even when overnight rates are already at zero, through purchases of longer-maturity

government bonds, shifting the composition of the public debt in the hands of the public

13See, e.g., Clouse et al. (2003) and Orphanides (2003).
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in a way that affects the term structure of interest rates. (As it is generally admitted in
such discussions that base money and very short-term Treasury securities have become near-
perfect substitutes once short-term interest rates have fallen to zero, the desired effect should
be achieved equally well by a shift in the maturity structure of Treasury securities held by
the central bank, without any change in the monetary base, as by an open-market purchase
of long bonds with newly created base money:.)

There are evidently no such effects in our model, resulting either from central-bank
securities purchases or debt management by the Treasury. But this is not, as some might
expect, because we have simply assumed that bonds of different maturities (or for that
matter, other kinds of assets that the central bank might choose to purchase instead of the
shortest-maturity Treasury bills) are perfect substitutes. Our framework allows for different
assets that the central bank may purchase to have different risk characteristics (different
state-contingent returns), and our model of asset-market equilibrium incorporates those term
premia and risk premia that are consistent with the absence of arbitrage opportunities.

Our conclusion differs from the one in the literature on portfolio-balance effects for a
different reason. The classic theoretical analysis of portfolio-balance effects assumes a rep-
resentative investor with mean-variance preferences. This has the implication that if the
supply of assets that pay off disproportionately in certain states of the world is increased
(so that the extent to which the representative investor’s portfolio pays off in those states
must also increase), the relative marginal valuation of income in those particular states is
reduced, resulting in a lower relative price for the assets that pay off in those states. But in
our general-equilibrium asset-pricing model, there is no such effect. The marginal utility to
the representative household of additional income in a given state of the world depends on
the household’s consumption in that state, not on the aggregate payoff of its asset portfolio in
that state. And changes in the composition of the securities in the hands of the public don’t
change the state-contingent consumption of the representative household — this depends on

equilibrium output, and while output is endogenous, we have shown that the equilibrium
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relations that determine it do not involve the functions v, w™, or w/.1

Our assumption of complete financial markets and no limits on borrowing against future
income may also appear extreme. However, the assumption of complete financial markets is
only a convenience, allowing us to write the budget constraint of the representative household
in a simple way. Even in the case of incomplete markets, each of the assets that is traded
will be priced according to (1.14), where the stochastic discount factor is given by (1.8),
and once again there will be a set of relations to determine output, goods prices, and asset
prices that do not involve ¥, w™, or w/. The absence of borrowing limits is also innocuous, at
least in the case of a representative-household model, since in equilibrium the representative
household must hold the entire net supply of financial claims on the government; as long as
the fiscal rule (1.16) implies positive government liabilities at each date, then, any borrowing
limits that might be assumed can never bind in equilibrium. Borrowing limits can matter
more in the case of a model with heterogeneous households. But in this case, the effects of
open-market operations should depend not merely on which sorts of assets are purchased
and which sorts of liabilities are issued to finance the purchases, but also on the way in
which the central bank’s trading profits are eventually rebated to the private sector (with
what delay, and how distributed across the heterogeneous households), as a result of the
specification of fiscal policy. The effects will not be mechanical consequences of the change
in the composition of the assets in the hands of the public, but instead will result from
the fiscal transfers to which the transaction gives rise; and it is unclear how quantitatively
significant such effects should be.

Indeed, leaving aside the question of whether there exists a clear theoretical foundation
for the existence of portfolio-balance effects, there is not a great deal of empirical support for

quantitatively significant effects. The attempt of the U.S. to separately target short-term and

14Qur general-equilibrium analysis is in the spirit of the irrelevance proposition for open-market operations
of Wallace (1981). Wallace’s analysis is often supposed to be of little practical relevance for actual monetary
policy because his model is one in which money serves only as a store of value, so that it is not possible for
there to be an equilibrium in which money is dominated in rate of return by short-term Treasury securities,
something that is routinely observed. However, in the case of open-market operations that are conducted at
the zero bound, the liquidity services provided by money balances at the margin have fallen to zero, so that
an analysis of the kind proposed by Wallace is correct.
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long-term interest rates under “Operation Twist” in the early 1960’s is generally regarded as
having had a modest effect at best on the term structure.'® The empirical literature that has
sought to estimate the effects of changes in the composition of the public debt on relative
yields has also, on the whole, found effects that are not quantitatively large when present at
all.'® For example, Agell and Persson (1992) summarize their findings as follows: “It turned
out that these effects were rather small in magnitude, and that their numerical values were
highly volatile. Thus the policy conclusion to be drawn seems to be that there is not much
scope for a debt management policy aimed at systematically affecting asset yields.”
Moreover, even if one supposes that large enough changes in the composition of the
portfolio of securities left in the hands of the private sector can substantially affect yields,
it is not clear how relevant such an effect should be for real activity and the evolution of
goods prices. For example, Clouse et al. (2003) argue that a sufficiently large reduction in the
number of long-term Treasuries in the hands of the public should be able to lower the market
yield on those securities relative to short rates, owing to the fact that certain institutions will
find it important to hold long-term Treasury securities even when they offer an unfavorable
yield.'” But even if this is true, the fact that these institutions have idiosyncratic reasons
to hold long-term Treasuries — and that, in equilibrium, no one else holds any or plays
any role in pricing them — means that the lower observed yield on long-term Treasuries
may not correspond to any reduction in the perceived cost of long-term borrowing for other
institutions. If one is able to reduce the long bond rate only by decoupling it from the rest of
the structure of interest rates, and from the cost of financing long-term investment projects,
it is unclear that such a reduction should do much to stimulate economic activity or to halt

deflationary pressures.

150kun (1963) and Modigliani and Sutch (1967) are important early discussions that reached this conclu-
sion. Meulendyke (1998) summarizes the literature, and finds that the predominant view is that the effect
was minimal.

6 Examples of studies finding either no effects or only quantitatively unimportant ones include Mogigliani
and Sutch (1967), Frankel (1985), Agell and Persson (1992), Wallace and Warner (1996), and Hess (1999).
Roley (1982) and Friedman (1992) find somewhat larger effects.

17Cecchetti (2003) similarly argues t